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Abstract

Objectives: Measuring testicular volume (TV) by orchid-

ometer is routine in the clinic when staging male puberty.

We have developed a simulation model for TV estimation

and investigated whether training medical students, using

a workshop with simulation models, could improve the

accuracy and reliability of TV estimation.

Methods: All participating medical students watched a

video representing standard undergraduate training in

male pubertal assessment. Volunteers were then rando-

mised directly to assessment or to attend a workshop

consisting of a further video and four stations con-

textualising and practising the skills required for TV esti-

mation, prior to assessment. Three child mannequins

displaying testes of 3 mL, 4 mL (twice), 5, 10 and 20 mL

were used for assessment. Participants were asked to re-

turn a fortnight later for repeat assessment to assess intra-

observer reliability, the effect of repeated examinations on

accuracy and time on skill retention.

Results: Ninety students participated (55F), 46 attended

theworkshop andwere considered “trained”. Therewas no

difference between the groups in numbers of correct esti-

mations (29% trained, 27% untrained, p=0.593). However,

the trained group’s estimations were closer to the true

volume, with more from the trained group one bead away

(p=0.002) and fewer more than three beads away from the

true volume (p<0.001), compared to the untrained group.

Trained participants were more accurate at the second

assessment (n=80) (p<0.001) and had greater intra-

observer reliability (p=0.004).

Conclusions: Overall TV estimation accuracy was poor.

Workshop-style training improved accuracy, reliability

and retention of skill acquisition and could be considered

as a useful learning tool.

Keywords: accuracy; simulation; pubertal stage; reli-

ability; testicular volume; training.

Introduction

Testicular volume (TV) is an essential clinic tool in the

staging ofmale pubertal development. TV is also assessed

by urologists and andrologists as a surrogate marker of

testicular function, since 80–90% of testicular mass

comprises of seminiferous tubules, the site of spermato-

genesis [1]. Calipers and ultrasound can be used to assess

TV, but the commonest method is the Prader orchid-

ometer, consisting of a string with ellipsoid beads of

increasing sizes from 1–25 mLs, which are used to

compare against the patient’s testis [1, 2]. Although ul-

trasound is a more precise method in the assessment of

TV, the use of a Prader orchidometer is more practical and

less expensive, additionally providing clear decision cut

points in the assessment of precocious puberty [2]. The

onset of male puberty is defined as a TV of 4 mLs, peak

height velocity is seen at TVs of 12–15 mLs and adult TVs

can range between 12 and 25+ mLs [3]. Accuracy of TV

estimation, particularly at the lower volumes, is impor-

tant. Missing the diagnosis of male precocious puberty

(onset before the age of nine years) may have serious

sequelae, due to the likelihood of pathological aetiologies

including brain tumours [4].

Despite its popularity and importance, it is acknowl-

edged that the accuracy and reliability of TV estimation

using a Prader orchidometer may be poor [1, 2, 5]. A recent
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study found that significantly larger volumes were ob-

tained using the Prader orchidometer thanwith ultrasound

and intra-operative caliper measurements [6]. We have

previously reported the largest study to date assessing the

accuracy and reliability (inter- and intra-observer) of TV

estimation in clinicians and the only study to use simula-

tion as the assessment tool. In collaboration with design

engineers we developed a simulation model for TV esti-

mation with pre-, peri- and post-pubertal sized silicon

testes, housed in latex scrotumanddisplayed onpaediatric

mannikins. We tested 215 delegates at a meeting of Paedi-

atric Endocrinologists using six testes and five different

volumes. TV was estimated correctly on only 33% of

occasions and intra-observer reliability was lacking with

individuals giving different estimations for the same size

testicle on 61% of occasions. Experience of clinicians was

found to improve accuracy. Clinicians had a tendency to

confer biological symmetry, by overestimating the 4 mL

testis when paired with a 5 mL and underestimating it

when paired with a 3 mL testis [5].

The use of simulation to teach healthcare pro-

fessionals basic and advanced skills, such as resuscita-

tion and airway management, is becoming increasingly

sophisticated and mainstream as an effective education

method [7, 8]. Retention of information and its application

are strongest when taught and practised in situations

which are of a similar setting to real life and in the

workplace [8].We describe a study to train endocrinology-

naïve medical students, using our simulation models

in a workshop format, to assess whether improvement

in the accuracy and reliability of TV estimation can be

demonstrated.

Materials and methods

Study population and recruitment

We invited medical students from the University of Sheffield, UK, to

participate in the study. We chose medical students as they are naïve

to TV estimation and could therefore act as surrogates for new trainees

in paediatric endocrinology, whilst providing adequate numbers

required for the study. We used the data from our previous pilot study

to informour power calculation. The accuracies of trainees attending a

puberty teaching session, and considered the “untrained” population

(12% correct estimations), and consultant paediatric endocrinolo-

gists, considered the “trained” population (39% correct estimations),

were used to calculate that 76 studentswould be required for the study

(p<0.05) [5, 9]. The study participants were recruited on a voluntary

basis through advertisement on the University intranet and at student

lectures. As no one attending the sessions was excluded, we exceeded

the study’s recruitment target. Ethical approval was not required for

the study as it recruited students in their professional and learning role

and did not involve patients.

Workshop design

We invited eligible students to attend one of six sessions, with a

maximum of 30 students per session. At the start of each session, all

participants watched a 5-min video recording of the undergraduate

teaching delivered to third-year medical students on male pubertal

staging and the Prader orchidometer, given by a senior consultant

paediatric endocrinologist (NPW). This represented the knowledge

level expected of a newly qualified doctor.We then divided the cohort,

using a random number generator (https://www.random.org/lists/),

to create two groupswith equal sex distribution. One group proceeded

to the workshop to become “trained”, and the other went directly to

the assessment “untrained”.

Although targeting multiple learning styles to maximise the

impact of teaching is widely advocated, this approach lacks a robust

scientific evidence base [10, 11]. However, students often have a

preference for how they perceive they learn best and, informed by the

feedback from our pilot study, we designed the workshop around

these different learning preferences [11, 12]. Four different learning

modalities were used: visual (instructions, video demonstrations),

auditory (instructions, video demonstration, participant discussion),

tactile (feeling workshop items and completing worksheets) and kin-

aesthetic (active involvement, moving aroundworkshop stations) [12].

In addition, we encouraged students to reflect upon their experience

through active discussion with each other, a recommendation for

embedding learning [13]. To control for variation between the different

groups’ sessions and ensure reproducibility, we ran each workshop

using an identical format, with scripted instructions and defined, non-

transferable, roles for the three session moderators.

At the start of the workshop, participants watched another

2:30 min video recording (NPW) contextualising the examination and

its importance, then explaining how to correctly use the Prader

orchidometer. They then progressed through four workshop stations,

each lasting 5 min, in a pre-specified order to take them from abstract

testicular metaphors to “real-life” simulation models. At station 1,

participants were given nine food substances, including olives,

cocktail sausages and different sized baby potatoes, as real-life met-

aphors to relate to orchidometer bead volumes (Figure 1A). Station 2

introduced the orchidometer, using it to estimate five prosthetic testes

of different volumes (Figure 1B). The testes were not constrained by a

scrotum to focus participants on volume and shape. At station 3, there

were 12 sets of varying plastic testes in fabric bags to introduce the

effect of the scrotum on TV estimation and remove the visual aid,

working towards a kinaesthetic skill (Figure 1C). Station 4 involved

participants measuring the TV of six simulation testes attached to

mannikins, similar to those being used in the assessment (Figure 1D).

Throughout the workshop, to enhance learning, we provided students

with immediate feedback through flip sheets displaying the correct

TVs. This technique has been shown to improve students’ learning

experience and enhance educational attainment [14]. We encouraged

participants to record their answers in a worksheet to aid visual/non-

verbal learners and to further embed knowledge. Students reflected

upon their active experience through discussion of their findings with

fellow participants (peer learning) and questions from the study team

pertaining to over- or underestimation and the realism of the learning

materials.
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Assessments

Participants recorded their estimates together with their basic de-

mographics (age, sex and medical school year) and whether they had

previously received any TV estimation training.

The assessment consisted of three child mannequins adorned in

latex briefs with latex scrotum containing specifically engineered

silicon testes (Figure 1D). We have previously published details about

the development and validation of these materials [5].

– Mannequin 1 – Left (4 mL) Right (5 mL)

– Mannequin 2 – Left (3 mL) Right (4 mL)

– Mannequin 3 – Left (10 mL) Right (20 mL)

We chose testicular sizes to reflect clinically important thresholds. We

selected 4mL twice to look at the effect of estimationwhen pairedwith

a smaller and larger testis.

To assess intra-observer reliability, the effect of repeated exam-

inations on accuracy and the effect of time elapsed on skill retention

we asked participants to return a fortnight later for a repeat assess-

ment. In order not to compromise the results of the secondassessment,

we did not inform participants of the true testicular volumes at any

point during or after the first assessment.

Data analysis

We analysed data using SPSS for Mac Version 16.28 and Prism 8 for

macOS version 8.4.1. The difference between participants’ estimates

and the TV was calculated and used in all numerical data analyses.

The difference was measured as the number of orchidometer sizes

away from the true volume, rather than actual millilitres, since the

Prader orchidometer constrains the user to select one of 12 volumes (1,

2, 3, 4, 5, 6, 8, 10, 12, 15, 20 and 25 mL). We categorised estimates into:

correct; ±1; ±2; ±3 and ±>3 orchidometer sizes away from the true TV.

We used responses recorded at the first assessment to assess accuracy

and reliability of trained and untrained estimates. We calculated the

percentage of estimates that were correct, overestimated and under-

estimated for both groups at each volume. We analysed differences

between groups using Chi-squared and Fisher’s exact tests. The mean

and standard deviation (SD) of estimations in the two groups were

calculated and compared by an independent t-test. Univariate anal-

ysis of covariance (ANCOVA) was used to determine if sex, age or

medical school year had an effect on number of orchidometer sizes

away from the true volume. The effect of repeated examination was

analysed using data collected from the participantswho attended for a

second assessment, with the accuracy of the two groups compared by

paired t-test.We used Fleiss’ kappa analysis of estimates in the trained

and untrained groups to measure inter-observer reliability. We

calculated the number of estimates that were the same in the first and

second assessment and mean (SD) of kappa scores for each partici-

pant, asmeasures of intra-observer reliability.We set a p-value of 0.05

to indicate significance.

Results

Participant group

Ninety students (55F) participated in the study, 46 were

categorised as “trained” having participated in the work-

shop, and 44 categorised as “untrained”. No one had pre-

viously received TV training and there were no differences

in sex, age or medical school year group between the two

groups. The repeat assessment was attended by 80 (89%)

participants, 40 from the trained group and 40 from the

untrained group.

Accuracy

Each participant estimated the volume of six testes, giving

a data set of 540 estimates, 276 trained and 264 untrained.

In the first assessment estimateswere correct in 29% (n=81)

Figure 1: Simulation training workshop

(Figure 1A Workshop station 1: food

substances as real-life metaphors to relate

to orchidometer bead volumes. Figure 1B

Workshop station 2: prosthetic testes.

Figure 1C Workshop section 3: 12 sets of

varying sized plastic testes in fabric bags.

Figure 1D Simulation models displayed on

paediatric mannikins for TV estimation

used in workshop section 4 and

assessment.)
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of the trained group compared to 27% (n=72) of the un-

trained group, the difference between groups was not sig-

nificant (OR 1.11, 95% CI 0.76-1.61, p=0.593). Overestimates

accounted for 34% in the trained and 27% in the untrained

groups and underestimates for 37 and 46%, respectively.

Accuracywas highest for the 20mL testis and lowest for the

5 mL. Participants were more likely to underestimate the

size of the 4mL testis when pairedwith the 3mL testis (13%

of estimates were overestimates and 64% were un-

derestimates). When paired with the 5 mL testis, partici-

pants weremore likely to overestimate the 4mL testis (41%

of estimates were overestimates and 28% were un-

derestimates) (Figure 2).

Estimateswere categorised correct, one, two, three and

greater than three orchidometer sizes away from the true

TV for the trained and untrained groups (Figure 2, 3).

Within the trained group 47% (n=130) of estimates were

one orchidometer size away from true TV, significantly

higher than the 34% (n=90) in the untrained group (OR

1.72; 95% CI 1.22–2.44; p=0.002). Conversely in the un-

trained group 11% (n=28) of estimates were three orchid-

ometer sizes away from true TV compared to 5% (n=10) in

the trained group (OR 3.15; 95% CI 1.50–6.62; p=0.002),

with 5% (n=14) and 0% (n=1) greater than three sizes away,

respectively (OR 15.38; 95% CI 2.01–125.00; p<0.001). The

mean (±SD) difference between estimations and true TV

was 0.99 (±0.82) orchidometer sizes in the trained group

(n=276) and 1.35 (±1.21) in the untrained group (n=264), a

mean difference of 0.36 (95% CI 0.19–0.54, p<0.001). We

found no difference accuracy of estimates by sex, age or

medical school year group.

Repeat assessment

Accuracy was compared between the two assessments and

between the two groups using percentage of correct esti-

mates (Table 1). The trained group identified more TVs

correctly at the second assessment (33% estimates correct

vs. 28%, p<0.001) in contrast to the untrained group

(25 vs. 28%, p=0.154). We found no significant difference in

the mean accuracy (the number of orchidometer sizes be-

tween estimates or true TV) between the assessments in the

trained and untrained groups (p=0.393 and p=0.248,

respectively).

Reliability

Inter-observer reliability was assessed using Fleiss’ kappa

analysis. Fleiss’ kappa was marginally higher for the

trained group (0.16 (95% CI 0.159–0.159)) compared to the

untrained group (0.11 (95% CI 0.107–0.108)). Intra-

observer reliability was assessed by comparing the esti-

mates made by volunteers in the first and second

Figure 2: Accuracy of estimates in the first assessment at each

volume of testis. Box and whisker plot displaying the number of

orchidometer sizes away from the actual testicular volume of study

participants’ testicular volume estimations in the trained and

untrained groups. Boxes and their central lines represent

interquartile range and median values, respectively, and the

whiskers indicate maximum and minimum values.

Figure 3: Overall accuracy of estimates in the first assessment

(Percentage of all estimates in the first assessment±1, ±2, ±3 and

±>3 orchidometer sizes away from true TV for the trained and

untrained groups. *Indicates statistically significant difference

between trained and untrained groups.)

Table : Intra-observer reliability. (Percentage (number) of esti-

mates correct in watch group at the first and second assessment.).

Accuracy in st

assessment

Accuracy in nd

assessment

p-Value

Trained n= % () % () <.

Untrained n= % () % () .
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assessment and kappa analysis. The trained group dis-

played more consistency than the untrained group, with

42% (n=100) of estimates being the same as their previous

estimate (irrespective of whether they were correct or not

in their first estimation) in the trained group compared to

29% (n=70) in the untrained group (OR 1.74; 95%CI 1.19 and

2.53; p=0.004). Mean (SD) kappa scores of participants in

the trained and untrained groups were 0.31 (0.20) and 0.19

(0.16), respectively, indicating greater concordance be-

tween estimates in the trained group compared to the un-

trained group.

Discussion

Overall estimation of TV by medical students was poor,

with only 29 and 27% of estimates correct in the respective

trained and untrained groups. Attending our workshop

did not significantly impact on the number of correct es-

timates from participants. However, the trained group:

estimated closer to the correct volume; exhibited slightly

greater inter-observer and intra-observer reliability in

their estimations and significantly improved their accu-

racy at the second attempt, where the untrained group

did not.

Our results are in keeping with the findings of our

previous study, using simulation to assess the accuracy

and reliability of TV estimation in a large cohort (n=215) of

Paediatric Endocrinologists attending an annual meeting

in the UK. We reported 33% of estimations overall to be

correct, 30% in those with no clinical experience and 38%

in those with over 10 years of clinical experience [5]. Also

consistent with our previous study, participant estimates

were influenced by the size of the paired testis, conferring

biological symmetry by overestimating the 4 mL testis

when paired with the 5 ml testis, and underestimating it

when paired with the 3 mL testis [5]. The poor intra-

observer reliability resonated with our previous study with

individuals agreeingwith their previous estimation on only

39% of occasions [5]. Our study found underestimations of

TV more common overall, contrary to other studies that

have found clinicians tend to overestimate TV using the

Prader orchidometer [1, 6].

The main strength of this study is the use of specif-

ically engineered simulation models, allowing the study

of significant numbers of volunteers, without the need to

involve patients. Learning a practical skill requires

repetition in as realistic an environment as possible. This

may result in a paucity of opportunities for skill acqui-

sition and refinement in intimate examinations, such as

TV estimation, especially in children [8]. Practical

examinations require a hands-on approach in order to

link the theoretical knowledge learnt and the application

of the required skill. Simulation offers the opportunity of

unlimited repetition with immediate feedback when

learning a clinical skill [14, 15]. The repeated and

observed learning opportunities conducted in a safe

environment also avoid the uncomfortable process of

early skill acquisition on patients using trial and error [8].

The use of medical students allowed us to surpass the

large recruitment target and enable the results to be

extrapolated to a new trainee in paediatric endocri-

nology. A number of different educational modalities

were employed in the workshop and assessment process,

in an attempt to target different learner styles and embed

knowledge and skill acquisition [12]. Although the overall

accuracy was poor, training, using simulation combined

with theoretical contextualisation from the video prior to

the assessment, improved accuracy and reliability with

more of the trained group retaining the skill at the second

assessment a fortnight later.

Overall accuracy and reliability of TV estimation with

the Prader orchidometer are low [5]. However, Prader

orchidometers are readily available and a convenient

method of assessment unlike alternatives such as ultra-

sound [6]. Attempts to improve TV estimations using

orchidometers would therefore be of value to the paediatric

endocrinology community and beyond. The results of our

study indicate that accuracy and reliability, with skill

retention, can all be improved using workshop style

simulation training and that repetition alone, the current

training method, may not lead to improvement [5]. The

duration of our workshop was less than 30 min and pae-

diatric endocrinology naïve volunteers only attended once,

with no real-life experience to further embed the knowl-

edge. Educational theory suggests that an experience

needs to be repeated continuously for a skill to be learnt

and the amount of repetition required is varied among in-

dividuals [13, 16]. Our previous study foundnodifference in

accuracy of TV estimation in those with over 5 years of

clinical experience, but significant improvements in those

practising in the specialty for over 10 years [5]. This sug-

gests that repetition improves accuracy but that the process

takes a long time, and therefore it would bemost beneficial

to start any educational intervention at the beginning of an

individual’s training. Further research work should inves-

tigate the potential benefits of repeated workshops and

assessments and skill retention over longer periods of time.

This work could be extrapolated to include other pubertal

staging examinations.

Simulation is not real life. The lack of penis and sem-

iniferous tubules created an unrealistic impression
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meaning our results may not be reproducible in clinical

practice. The testes were slightly harder and heavier than

normal for the scrotum to hang realistically. Participants

had the advantage of the testes, used both in the workshop

and assessment, being manufactured to match specific

orchidometer sizes. In practice, testes will vary between

these defined sizes. It was stressed the anatomical left and

right testis should be recorded in the assessment; however,

it was noted that some participants instead recorded an-

swers according to their left and right, potentially con-

founding results. Fifteen participants were permitted per

workshop to allow for maximum recruitment. We became

aware that smaller group sizes may have been more

effective, increasing the quality of the workshop through

more opportunity for discussion and reflection, factors key

to learning [13].

Overall accuracy and reliability of TV estimations with

a Prader orchidometer were low among both trained and

untrained groups. However, the trained group was more

accurate and reliable and appeared to retain their newly

taught skill better. Simulation should therefore be

considered when teaching the difficult clinical skill of TV

estimation.
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