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ABSTRACT

Background: Few studies have systematically
assessed the reliability of pubertal markers;
most are flawed by limited numbers of markers
and ages studied,

Aim: To conduct a comprehensive examination
of inter-rater reliability in the assessment of
boys’ sexual maturity.

Subjects: Eight pairs of practitioners indepen-
dently rated 79 consecutive boys aged 8-14
years.

Methods: Two raters in each of eight practices
independently rated boys aged 8-14 years,
presenting for physical examinations, on key
pubertal markers: pubic hair and genitalia
(both on S-point Tanner scales), testicular size
(via palpation and comparison with a four-bead
Prader orchidometer), and axillary hair (via a
three-point scale).

Results: Intraclass correlations assessing degree
of inter-rater reliability for pubertal markers
ranged from 0.61 to 0.94 (all significant at p
<0.001). Rater Kappas for signs of pubertal
initiation ranged from 0.49 to 0.79.

Conclusions: Practitioners are able to reliably
stage key markers of male puberty and identify
signs of pubertal initiation.
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INTRODUCTION

The reliability of Tanner staging by clinicians
conducting cross-sectional or longitudinal assess-
ments of pubertal status (as opposed 1o patient self-
rating) has not been questioned in most puberty
stud:es or even in discussions of ratings of pubertal
status' Clearly, however, a consistent and reliable
method for Tanner staging must be established as a
precursor to data collection, since inter-rater reli-
ability is a concern in both clinical and research
settings?. Most puberty studies have used an
unspecified number of examiners w1thout any
validation of sexual maturity slagmg . Puberty
data for the US WNational Health and Nutrition
Examination Surveys were collected without
validating Tanner stage assignments’. Several
studies have attempted to address the problem of
potential differences among raters; however, these
studies have involved only one to several raters,
and the issue of inter-observer agreement was not
addressed'*'2,

Few sludles have directly examined inter-
observer agreement in Tanner staging of males.
Carlsen ef al. found “great variation” among raters,
although only the most mature Tanner stages
(stages 4-5) were considered in this assessment
since the study population was comprised of 23
adult men", Espeland er al. found examiner over-
or under-estlmatlon rates of up to 19% among
approximately 250 boys in each of the four pubertal
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Tanner stages in their Cooperative Study of Sickle
Cell Disease'®. No “central training” was provided
for the examiners, however. In a Swedish study on
self-assessment of sexual maturity, an unspecified
number of clinicians without specific training in
staging examined 100 students and found “excel-
lent inter-rater agreement (88%, 95% CI 84-92%)"°.
For the most part, it has apparently been assumed
that unvalidated clinician Tanner staging can be
accurately performed by examiners and used as the
“gold standard” for rating pubertal developmemz.

Although Tanner staging is limited to only
visual inspection of the subject’s secondary sexual
characteristics and comparison of the findings with
standard photographs and descriptions, assessment
of peripubertal testicular volume has now become
accepted by pediatric endocrinologists and other
experts as the most objective, reliable, and practical
method for detecting the physical onset of central
puberty in boys. In the distant past, testicular
volume was assessed by comparing the testis to
common objects, such as beans or grapes'®. In the
early part of the 20" century, techniques included
measurements with calipers, graded series of
ellipses, and Schonfeld’s rubber models of actual
testes (the first orchidometer). Early studies recog-
nized problems in over- and underestimation
depending on the technique used as well as errors
introduced by the thickness of the scrotal skin and
difficulties in distinguishing the boundary between
the testis and epididymis'®'.

Orchidometer use became common after Prader
introduced his series of graded rotation ellipsoid
“beads™ of volumes ranging from 1 to 25 ml which
were compared to the patient’s testes'®. Prader did
not examine inter- or intra-rater reliability, nor has
this been done in many pediatric investigations of
testicular size®*'>'®. Zachmann er al. in a small
study involving comparisons of the measurement
results obtained by an unspecified number of
examiners with the results obtained by one standard
examiner in 21 measurements in six boys, found
the correlation coefficient to be +0.81%. Mul et al.
assessed agreement between two observers for
measurements of testicular volume in 79 boys as
part of their puberty study in The Netherlands®.
They found the Spearman correlation coefficient to
be 0.82 using the complete set of orchidometer

beads, 1-25 ml. Rivkees e al., in a report involving
the measurements obtained by three clinicians
examining 12 boys with central precocious puberty,
found that their interobserver coefficient of varia-
tion for orchidometer estimates averaged 20.4 =
10.2%%°. A prospective Turkish study of 50 boys
that investigated the agreement among three exami-
ners using the Prader orchidometer found a high
correlation (r = 0.95-0.97) using the Pearson corre-
lation statistic'’.

Despite the greater consistency in results
obtained using orchidometers, there have still been
problems with the standardization of studies on
testicular volume due to the lack of consistency in
rating testes when sizes fell between the standard
bead volumes. Some studies always assigned the
lower size' ™!, while others assigned the size that
seemed closest™'?3, allowed a half size assign-
ment™?, or did not specifys‘f”ls‘zo. There is, there-
fore, some preliminary evidence suggesting that
adequate inter-rater reliability of sexual maturity
staging can be accomplished, but that evidence is
based on the results of studies limited by their use
of small samples, statistical tests not suitable for
assessment of inter-rater reliability, and different
standards and instruments for measurement of
testicular volume.

Other testicular volume measurement techniques
have been developed and evaluated, including the
Seager calipers, the Takihara elliptical punched-
ring orchidometer, and ultrasonography” . Evi-
dence suggests that ultrasonography is the most
accurate method, in part due to the enhanced ability
to define the boundaries between the testis and
surrounding extraneous tissues. However, due to its
cost, issues of patient acceptance, and time
required, ultrasonography is not used routinely for
this purpose clinically or in large-scale pubertal
staging studies. The available literature suggests
that, while not as sensitive as ultrasonography, the
Prader orchidometer is an acceptable and useful
alternative for the determination of the size of
individual testes’™. The Prader orchidometer is
now generally accepted as the most clinically
practical and economical tool and it has been used
in many studies worldwide involving the measure-
ment of boys’ testicular size at various pubertal
stages! 1820,
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In summary, while a limited number of studies
have examined aspects of the measurement of
pubertal markers, most are flawed by issues such as
the limited number of pubertal markers studied, the
limited numbers of raters and subjects, the
collection of adult data not applicable to pediatric
studies, and the use of data obtained from groups of
study subjects that may not generalize to larger
populations. To date, no study has systematically
examined inter-rater reliability between two exami-
ners of the generally accepted full set of key
markers of puberty in populations of boys encoun-
tered in primary care settings.

As part of a larger Pediatric Research in Office
Settings (PROS) project 1o determine the stages of
secondary sexual development and mean ages of
onset of pubertal testicular enlargement among
boys seen in pediatric practices in the United
States, the aim of this study was to conduct a
systematic examination of inter-rater reliability in
the assessment of sexual maturity stages in boys
using Tanner staging and the Prader orchidometer.

METHODS
Practitioner study population and setting

This study was conducted by PROS, the
national pediatric primary care practice-based
research network of the American Academy of
Pediatrics (AAP), Elk Grove Village, lllinois*. At
the time of the study, PROS included almost 2,000
practitioners in more than 750 practices from 49
states, Puerto Rico, the District of Columbia, and
Canada.

The study was publicized at a semiannual
meeting of the PROS network. Recruitment
materials, including an overview of the study proto-
col, were given to 38 eligible meeting attendees and
volunteers were requested by the study team. Of
those meeting attendees, nine PROS practitioners
agreed to participate in the study. Thereafter, the
volunteers received a participation fax-back sheet,
reiterating the responsibilities of the study and
confirming their willingness to participate. The
initial nine volunteers were asked to recruit another
PROS practitioner in their practice who was willing
to be one of two raters needed for the study. One of
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the original nine volunteers subsequently declined
to participate and ultimately eight practitioner pairs
participated in data collection. Participants were
from a geographically dispersed sample of eight
non-solo, English-speaking PROS practices in
seven states.

Procedures

The Institutional Review Board of the AAP
approved the study protocol. The study protocol
required written informed consent from parents or
guardians and verbal assent from all boys for study
participation.

Practitioner members of the research team (in
consultation with state practitioner representatives
of PROS during semiannual national network
meetings) developed the protocol and materials
for this study as well as the larger PROS study,
including a training manual io instruct clinicians in
the assessment of secondary sexual characleristics
and pubertal maturation in boys by visual inspec-
tion and palpation®.

Data collection occurred from October 2004
through November 2005. The study occurred in two
phases. In phase 1 (training), a two-part qualifying
examination was used to 1) assess competence in
rating the stages of male secondary sexual develop-
ment {Tanner staging), 2) evaluate knowledge
regarding the correct use of a four-bead modifica-
tion of the Prader orchidometer - a set of beads
used to measure testicular volumes (see Fig. 1 for
photograph of modified orchidometer), and 3) to
assure the accuracy of puberty ratings. This was
accomplished by requiring the practitioners to study
the training manual on the assessment of sexual
maturity stages in boys developed for the study®
and pass two examinations to qualify before enrol-
ling boys in the study. Part [ of the examination
consisied of multiple choice questions drawn from
material in the training manual such as Tanner
staging and measuring testicular volumes. Part II
involved a set of 12 photographs of male genitalia
and pubic hair (four of which were taken from the
classic van Wierengen ef al. collection®, three from
the original Reynolds and Wines article’’, and five
unpublished photographs from the collections of
three pediatric endocrinologists) to be rated for
Tanner stage. The sexual maturity stages for the
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Tanner and van Wierengen photographs were as
stated by those authors. The ratings for the un-
published photographs were validated through
assessment and agreement by the study’s consultant
panel of five pediatric endocrinologists. To pass the
examinations, practitioners were required to score
al least 90% on Part I and 87.5% on Part IL
Practitioners were permitted to refer to the training
manual during the examination and retake either or
both parts of the examination as many times as
necessary to pass. Once both praciitioner partners
received passing scores, patient enrollment materials
were sent to their praciice. Practitioners received
Continuing Medical Education (CME) credits for
passing the qualifying examination.

In phase 2 (data collection for inter-rater
reliability assessment), two raters in each of eight
PROS practices independently rated consecutive
boys aged 8-14 years presenting for complete
physical examinations on key pubertal markers:
pubic hair and genitalia (both on 5-point ordinal
Tanner scale), left and right testicular size (rated
via palpation of the testicle and comparison with a
four-bead orchidometer [<I, 2, 3, or >4 ml] held in
the rater’s other hand), and axillary hair (three-
point ordinal scale: none, sparse, or mature). Only
the first four beads, 1 to 4 ml, of the Prader
orchidometer were used to simplify the examiners’
task, because measurement of testicular volume
beyond the size indicating the onset of central
puberty (>3-4 ml) was not relevant to the study.
(Post-pubertal testicular volume has not been
correlated with specific Tanner stages.)

Each practitioner pair was asked to conduct 10
independent assessments. The practitioners decided
the order of their assessments and how they would
introduce the second examiner into the examination
room. Each practitioner performed an independent
assessment without sharing findings with the other
practitioner. Data were obtained for a total of 79
boys. Study practices kept recruitment logs to track
patient demographic information and participation
status (consent or decline). At the end of each
week, the practice staff sent completed study forms
in sealed envelopes to the PROS central office
along with a copy of any completed recruitment
logs. Overall, 67.5% of eligible boys were enrolled
during data collection. Of the 38 boys who declined

participation, the mean age was 11.4 years (signifi-
cantly higher than the mean of 10.4 years for
participants). Also noleworthy were the differences
in minority/non-minerity distribution among decliners
versus parlicipants. While the difference did not
achieve statistical significance, the decliners were
disproportionately white (74% versus 55% for
participants; p = 0.054).

Statistical analysis

Descriptive analyses were done 1o characterize
practitioners’ and patients’ demographics and to
establish a comparative baseline. Intraclass corre-
lation coefficients (ICCs) based on multiple patient
observations were penerated to assess the reliability
of pubertal stage assignment by practitioners within
a given location. Further, Kappas were calculated to
assess raler agreement (versus chance) regarding
stages representing initiation of pubertal matura-
tion. Data analysis was done using SPSS version
14.0 (SPSS Inc., Chicago, IL).

RESULTS
Practice characteristics

The eight practices that completed data collec-
tion for the study represented a variety of practice
seutings. As Table | indicates, the majority of
practices were from suburban locations and urban,
non-inner-city settings. The sample was geographi-
cally dispersed as well, representing all four US
Census regions, with a slight plurality from the
West (37.5%).

Practitioner characteristics

Participating practitioners included 14 pediatri-
cians (88%), one pediatric nurse practitioner and
one physician assistant, of whom 75% were male.
The majority of the practitioners were white (13/
16), with two Asians and one African-American.
The mean age of the clinicians was 46.6 years.

Subject characteristics

A total of 79 boys were assessed in this study.
Their mean age was 10.4 years, and, as Table 2

JOURNAL OF PEDIATRIC ENDOCRINOLOGY & METABOLISM



ASSESSING IRR OF TANNER STAGING AND ORCHIDOMETRY WITH BOYS 295

Fig. i: Modified four-bead Prader orchidometer.

TABLE 1

Practice characteristics (n = 8)

Practice location

Urban, inner city 0.0%
Suburban 37.5%
Urban, non-inner city 37.5%
Rural 25.0%

Geographic region

West 37.5%
South 25.0%
New England 25.0%
Midwest 12.5%
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illustrates, the group was racially/ethnically diverse,
including 18.2% African-Americans and 16.9%
Hispanics. The sample also included a relatively
high percentage of Medicaid patients. Slightly more
than a quarter of the patients had a chronic disease,
with almost half of those patients reporting asthma,
None of the 79 boys examined in this study
presented for growth or pubertal concemns.

Reliability of pubertal stage assignment

Intraclass correlations were used to assess the
degree to which the rater pairs were able to in-
dependently and reliably stage various markers of

TABLE 2

Patient characteristics (n = 79)

Race
White 54.5%
African-American 18.2%
Asian 11.7%
Hawaiian/Pacific Islander 2.6%
Multiracial 13.0%
Ethnicity
Hispanic 16.9%
Non-Hispanic 83.1%
Payment source
Medicaid 38.9%
Non-Medicaid 61.1%

Chronic disease present

Yes 27.8%

No 72.2%
Type of chronic disease

Asthma 45.4%

ADHD | 13.6%

Other 41.0%
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boys’ puberty. Variables assessed included left and
right testicular size (as measured via a four—begd
orchidometer, with beads ranging from 1 to 4 ml in
size and ratings that included <1, 2, 3, and 24 l.nl),
axillary hair (as measured on a three-point g)grdlr}al
scale previousty employed in another study™ with
verbal anchors corresponding to scale values of 1
[none], 2 [sparse], and 3 [mature], as well as
genitalia and pubic hair [both measured using the
marker-specific  traditional five-point . ordinal
Tanner scales]). As Figure 2 indicates, all of the
intraclass correlations were highly significant, with
values ranging from 0.61 (left testicular size) to
0.94 (pubic hair), and p-values all exceeding
p <0.001.

1

Reliability of ratings for initiation of pubertal
maturation

Kappa statistics were employed to examine
another facet of inter-rater-reliability ~ the extent to
which raters were able to independently and
reliably identify when subjects had begun to
demonstrate signs of pubertal maturation for each
marker. For this analysis, the scale values previ-
ously described were each dichotomized — with
Stage 1 (prepubertal) of each scale compared with a
derived, collapsed Stage 2, representing all other
values (pubertal} on the multivalue scale. As
Figure 3 shows, Kappas ranged from 0.49 to 0.79,
indicating generally very good agreement for
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identification of the initiation of pubertal matura-
tion. The Kappa for the staging of genitalia was
somewhat lower than those for other markers, but
still in a range generally considered adequatezg.

DISCUSSION

This study provides the first systematic look at
the reliability of staging key markers of boys’
puberty. Moreover, it provides a first look at
staging of male genital maturity through use of a
modified Prader orchidometer, appropriate for use
in practices that see pediatric populations. The
intraclass correlations were all highly significant,
and the staging of pubertal initiation, as measured
by Kappas, was good as well.

Of note, however, was that the Kappa obtained
for examination of genitalia was lower than those
obtained for the other markers. This finding is
consistent with the subjective nature of visual
inspection, as compared with more objective
measures such as testicular volume measurement.
While still in part visually based, the latter method
includes palpation as a critical aspect of the
method, along with a referent instrument, the
Prader orchidometer, for measurement. The estab-
lishment of adequate inter-rater reliability of these
methods not only supports their clinical utility, but
also provides a sound foundation for the use of
these methods in studies of boys’ puberty.

Several methodological issues are noteworthy.
First, our practitioner and patient study samples
may not have been representative of US ambulatory
practice since they were comprised of volunteer
practitioners and patients within a practice-based
research network. Recent literature®® suggests that
PROS is reasonably representative of US ambu-
latory pediatric practice as a whole, but this sub-
sample of practices was self-selected from within
the network and contained demographic biases —
both with respect to practitioners {(e.g., race/
ethnicity) and practices (e.g., practice location) that
could limit the generalizability of the findings.
Moreover, those practitioners willing to participate
in such a study may have been more interested in or
confident regarding their knowledge of the topic
than others and may therefore have been more
motivated and skilled at pubertal stage assessment.
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Second, as noted earlier, demographically our
sample of patient participants was younger than
those who declined participation, and also more
likely to be members of minority groups. Third, our
sample was relatively small. While this study is a
clear improvement in sample size over its predeces-
sors, it is unclear whether the findings would be
replicated in a larger sample of patients and
providers. Fourth, establishment of inter-rater
reliability with respect to testicular volume is
confined to 1 to 4 ml. Last, it is worthy of note that
the practitioners who participated in the study had
to complete specific training in sexual maturity
staging in order to qualify for participation. Any
assumption that such inter-rater reliability findings
might be obtained in a general sample of
pediatricians may be unwarranted.

Keeping these methodological cautions in mind,
the present study provides the first methodologi-
cally rigorous and comprehensive evidence that
with appropriate training, office-based practitioners
are able to reliably stage key markers of puberty in
males and accurately identify the signs of initiation
of puberty as reflected in that staging. The findings
are important in that they provide assurance for
trained practitioners performing such assessments
in clinical settings, and from a research perspective,
strong validation of the use of this methodology for
the staging of puberty in future studies.
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