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Abstract

Early castration of male small ruminants is regarded as a risk factor for urolithiasis, although
the underlying correlations are still unclear. One possible reason is a deferred development of the
penis and the urethra after castration. Therefore, we examined the penis and urethra of castrated
and intact lambs by ultrasonography to determine the correlation between urethral area and pe-
nile cross-sectional area. Ultrasonography was performed in 6-month-old Lacaune crossbred
lambs (early castrated, late castrated, and intact; each group, n = 11). Sectional images at 5 loca-
tions (glans penis, penile urethra, distal and proximal sigmoid flexure, and ischial arch) were ob-
tained to determine the urethral and penile diameters. Urethral and penile cross-sectional areas
were calculated. Grey-scale analysis of ultrasound images was performed to evaluate possible
differences in the penile texture between the groups. Correlation analyses between both cross-
-sectional areas showed a significant general correlation for location 2 in all lambs (R = 0.52;
P = 0.003), for location 3 in late-castrated lambs, and for location 5 in early-castrated lambs.
Statistically significant correlations between the penile and the urethral area of castrated and
intact lambs were not evident. Therefore, measurement of the penile cross-sectional area alone
does not allow for accurate estimation of urethral size. Statistically significant differences con-
cerning the grey-scale analysis between the groups were also not detectable.

Thus, simplification of the formerly presented ultrasonographic examination of the urethra
is not recommended. In animals at a risk of obstructive urolithiasis, complete urethral examina-
tion is essential.
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Fig. 1. Comparison of urethral area (UA) and penile area (PA) between the groups. Presentation of geometric means and
dispersion factors (DF) of UA/PA ratios for the different examination groups and all 5 locations (glans penis, penile urethra,
distal and proximal sigmoid flexure and ischial arch of the penis).

Introduction

Castrated ruminants are presumed to have a higher
risk of obstructive urolithiasis, although mature breed-
ing males also experience this condition (Oehme and
Tillmann 1965). Obviously, the difference between cas-
trated and intact males is the lack of testosterone, with
the implicated consequences of hypoplastic develop-
ment of the penis and accessory sex glands (Belonje
1965, Kumar et al. 1982). Only a few studies have inves-
tigated the postnatal development of the size, length,
and diameter of the penis and urethra in ruminants
(Marsh and Safford 1957, Belonje 1965, Kumar et al.
1982, Bani Ismail et al. 2007), using mainly histological
preparations and measurements in tissue preparations
that were harvested during slaughtering (Marsh and
Safford 1957, Belonje 1965, Kumar et al. 1982, Bani
Ismail et al. 2007). In contrast, the objective of our
study was to determine whether the results of these
in vitro studies can be generalized to living animals via
ultrasonographic measurements of urethral and penile
cross-sections. Our study investigated the possible rela-
tionship between the penis and urethral lumen size,
with the ultimate goal of establishing a simplified
urethral examination protocol (AlLugami et al. 2017).
If a significant correlation exists between penile and
urethral cross-sectional areas, the measurement of the
penile cross-sectional area at different locations would
suffice for an indirect estimation of the urethral size.
For application in the field, this approach would be far
more practical than the direct measurement of the ure-
thra and could be used as a simple method for the
evaluation of the risk to develop obstructive urolithiasis.

Materials and Methods

Sonographic cross-sectional images of the penises
of 33 Lacaune-crossbred fattening lambs were acquired
for morphometric analysis. Animals were castrated
(n = 11; castrated at 3-4 weeks of age and n = 11 cas-
trated at 4 months of age) or intact (n = 11). The cor-
responding examinations were performed in accor-
dance with the German National Ethical Guidelines
of Animal Welfare. The analysis encompassed determi-
nation of the urethral luminal area (hereafter, UA)
and penile cross-sectional area (hereafter, PA). Sono-
graphic images were obtained from a descriptive study
on the performance of sonography in the lower urinary
tract of lambs. The sonographic technique used here
was described previously (AlLugami et al. 2017). Brief-
ly, transverse sectional images at 5 locations - glans
penis, penile urethra, distal and proximal sigmoid
flexure, and ischial arch - were obtained to determine
the urethral and penile diameters (transverse and
sagittal), and sonographic images were obtained.
To evaluate the size of the urethral lumen in relation to
the size of the penis, horizontal and vertical diameters
of the urethra and penis were measured, respectively.
The UA and PA were calculated, and the PA/UA ratio
was determined. Measurements were performed using
the measuring tool of the veterinary documentation
software easyVET (IFS Informationssysteme GmbH,
Hannover, Germany). Grey-scale analyses were per-
formed using the software program Adobe Photoshop
(Adobe Systems Software Ireland Limited, Dublin,
Ireland). Within each ultrasonographic picture two
nonoverlapping regions of interest (ROI) of 0.125 cm?
were analysed. The first ROI was chosen directly next
to the urethra and the second one within the tissue
of the corpus spongiosum.
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Fig. 2. Diagrams of correlation analysis. Scatter plots with regression lines for the correlation between penis size and urethra
size for all groups (top left) and for individual groups (top right to bottom right).

Statistical analyses consisted of a simple data
description with calculation of the ratio of UA/PA,
as well as that of the mean diameters of the urethra
(mean DU) and penis (mean DP). For all analyses, data
were logarithmically transformed because the statisti-
cal distributions of the generated values were skewed to
the right. After the transformation, the distributions
were nearly normal. Subsequently, correlation analyses
for UA versus PA in all lambs, all locations together,
and single locations were calculated. Data from the
grey-scale analysis were examined using a two-way
ANOVA with repeated measures concerning the
parameter localisation to determine possible differences
in the grey-scales of penile tissue in respect to the cas-
tration status. Statistical analyses were performed using
the BMDP Statistical Software package (University
of California Los Angeles, Los Angeles, CA, USA)
(Dixon 1992).

Results

Geometric means and dispersion factors (geomet-
ric standard deviations) for all examination groups and
locations are shown in Fig. 1.

In general, no statistically significant correlation

was observed between the PA and UA (R = 0.16;
P = 0.05) in all tested lambs and locations. However,
in all groups, location 2 (the penile urethra) was an
exception (R = 0.52; P = 0.003).

Separate analyses of the five locations revealed two
statistically significant correlations. There were signifi-
cant correlations for location 3 in late-castrated lambs
and for location 5 in early-castrated lambs. Details,
including all P values, are shown in Tables 1 and 2,
as well as in Fig. 2. An exemplary overview of the calcu-
lated mean cross sectional areas for PA and UA
is given in Table 3.

The measured mean grey-scale values ranged
between 57.3%=15.0 (§+s) at localisation 4 and 65.2+18.0
at localisation 2. No statistically significant differences
between the groups (P = 0.53) nor the localisations
(P = 0.06) could be determined.

Discussion

Studies on the clinical evaluation of obstructive
urolithiasis, including therapeutic measurements, have
often reported an overrepresented percentage of cas-
trated animals (Oehme and Tillmann 1965, Haven
et al. 1993, Ewoldt et al. 2006, Duehlmeier et al. 2007).
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Table 1. Results of the correlation analysis for penile and urethral cross-sectional areas for all locations. P values and regression

coefficients (R) are shown.

Correlation PA/UA P R
All groups 0.05 0.16
Early 0.73 -0.05
Late 0.25 0.17
Intact 0.47 -0.11

Table 2. Results of the correlation analysis for penile and urethral cross-sectional areas following separate evaluations of individual locations

(Loc.). P values and regression coefficients (R) are shown.

Correlation Loc. 1 Loc. 2 Loc. 3 Loc. 4 Loc.5
PA/UA P/R P/R P/R P/R P/R
All groups 0.22/0.22 0.003/0.52 0.34/0.18 0.27/0.23 0.07/0.33
Early 0.29/-0.35 0.74/0.11 0.1/-0.54 0.61/-0.19 0.04/0.62
Late 0.7/0.14 0.21/0.43 0.02/0.73 0.42/0.3 0.73/0.12
Intact 0.25/0.4 0.62/0.18 0.54/-0.25 0.46/0.38 0.22/-0.42

Table 3. Overview of the mean penile and urethral cross-sectional areas for the examination groups with separate evaluation

of individual locations (Loc.).

Mean UA [cm?] Loc. 1 Loc. 2 Loc. 3 Loc. 4 Loc.5
All groups 0.0036 0.0043 0.0035 0.0033 0.0034
Early 0.0031 0.0031 0.0027 0.0029 0.0032
Late 0.0034 0.0038 0.0035 0.0031 0.0035
Intact 0.0043 0.0059 0.0041 0.0040 0.0035
Mean PA [cm?] Loc. 1 Loc. 2 Loc. 3 Loc. 4 Loc.5
All groups 0.53 0.50 0.54 0.49 1.13
Early 0.38 0.37 0.32 0.26 0.93
Late 0.52 0.43 0.48 0.58 0.96
Intact 0.70 0.72 0.86 0.69 1.52

In contrast, other studies have referred to urolithiasis
as a disease of castrated and intact males (Van Metre
et al. 1996) and assumed that anatomical factors
(i.e., the sigmoid flexure and urethral process) were
responsible for this disease. As the development of the
urogenital tract, and particularly the penis, are testos-
terone-dependent (Belonje 1965), the assumption
that those anatomical factors are of importance for the
development of obstructive urolithiasis, especially
in castrated animals, seems to be self-evident. There-
fore, studies on calves, sheeps, and goats have exam-
ined the penile and urethral size in early- and late-cas-
trated animals in comparison to uncastrated controls
(Marsh and Safford 1957, Kumar et al. 1982, Bani
Ismail et al. 2007). The results of these studies indicate
that castrated animals have smaller penises and nar-
rower urethras. The ultrasonographic examination
of the urethra in lambs was the objective of a previous
study where we demonstrated that visualization of the
urethra in its entire course is possible using high-reso-
lution ultrasound probes (AlLugami et al. 2017).

Because ultrasound probes commonly used in the field
use lower frequencies, the purpose of this study was
to evaluate a possible simplification of this formerly
presented technique for its use in the field.

Although there has been no previous correlation
analysis, former studies have indicated a possible rela-
tionship between the penile and urethral sizes. Bani
Ismail et al. examined urethral and penile size in sheep
and found that the penis and urethra were smaller
in castrated animals than in uncastrated controls (Bani
Ismail et al. 2007). They also compared the diameter
of the penis measured at slaughter by a digital micro-
metre calliper and the urethral cross-sectional area
measured by histomorphometry. However, in our study,
ultrasonography was performed in living animals for
determining the penile and urethral size. Our evalua-
tion supposes that the results might be somewhat less
prone to artifacts because of the unavoidable shrinking
effects that occur during tissue sample fixation for
histomorphometry. Nevertheless, our results did not
show persistent significant correlations, although we
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must consider that our analysis resulted in significant
P values for locations 2, 3, and 5. Sonourethrography
is a more precise method to measure the diameter
and examine the patency of the urethra (Chen et al.
2017). This method is used in human medicine, where it
is referred to as a gold standard in this respect. Because
wilful voiding is necessary for this examination tech-
nique, its application is not possible in veterinary medi-
cine. As discussed previously (AlLugami et al. 2017),
some other examination techniques, including contrast
ultrasonography or radiography (Palmer et al. 1998,
Poulsen Nautrup 2007), are also not suited for use
in small ruminants. Therefore, we opted to perform
plain ultrasonography in our study.

Critical discussion of the present results must con-
sider how testosterone influences the postnatal devel-
opment of the penis and urethra. Cannizzo et al. (2007)
showed no effect of boldenone, an anabolic steroid sim-
ilar to testosterone, on the epithelial cells of the pros-
tatic urethra in calves. Thus, internal narrowing
of the urethra by a hypertrophic urothelium could not
be seen. As the postnatal development of the penis
begins at puberty, there is general truth to the fact that,
in early castrated animals, the penis and urethra remain
infantile (Belonje 1965). Belonje (1965) describes
a testosterone-dependent release of the infantile adhe-
sion between the prepuce and glans penis in ruminants.
According to this study, the age of the animals at the
time of castration is not as important as their weight
and achieved maturity of the penis. This could account
for the lack of significant correlations across all loca-
tions in this study. On one hand, there seems to be
an allometric growth development of the penis and
urethra, as has been demonstrated for the development
of mammary parenchyma in prepubertal Holstein
heifers (Esselburn et al. 2015). Conversely, the interin-
dividual differences within location groups could
account for the observed variable significance in cor-
relation between the penile and urethral size. This
effect might have been less prominent if the number
of animals in our study was greater. Another limitation
of the present study is the grouping criteria. For our
previous study, animals had to be grouped by age with-
out accounting for body weight. During the course
of that study, regrouping was not performed. Consider-
ing Belonje’s results (1965), the present findings might
be different in terms of a far clearer correlation
between urethral lumen and penis size. These consider-
ations should be addressed in future studies.

Nevertheless, according to our data, the anatomical
and histological tissue texture of the penis does not dif-
fer between castrated and intact male lambs. The grey-
scale analysis in our study failed to show statistically
significant differences. In contrast to this, similar exami-

nations in dogs could show such differences even
though these differences were only present at one loca-
lisation and concerning one of the examined parame-
ters (Goericke-Pesch et al. 2013).

In conclusion and based on the present data, mea-
surement of the PA alone is insufficient for evaluating
the size or diameter of the urethra in lambs, particularly
in relation to the risk of obstructive urolithiasis. A com-
plete examination of the urethra along its entire course,
as described previously (AlLugami et al. 2017), should
be performed.

Grey-scale analysis of the penile tissue failed to
show differences between the penile tissue texture in
respect to castration status. The effect of an early cas-
tration remains to be further discussed.
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