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URETHRAL EXTENSIBILITY APPLIED TO RECONSTRUCTIVE SURGERY
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ABSTRACT

Purpose: The human male urethra has great capacity to extend under traction. This extensi-
bility is the principle of some surgical techniques used to overcome urethral defects and for penile
lengthening. However, to our knowledge safe limits of urethral extensibility in reconstructive
surgery have not been yet established by a morphological study. To this end we measured fresh
human cadaveric urethras with and without traction.

Materials and Methods: We analyzed the macroscopically normal, fresh cadaveric urethra from
25 men 6 months to 73 years old at death (mean age 30.6). Penile length and length of the total,
penile, bulbar and membranous urethra were measured. Length under maximal constant trac-
tion and the maximal stretched length without penile curvature at artificial erection were
determined. Extensibility is expressed as the percent of the variation in initial length at rest and
maximal constant traction length. Maximal stretched length without penile curvature at artifi-
cial erection is expressed as a percent of maximal constant traction length.

Results: Total urethral extensibility was higher than penile extensibility (p <0.001). Urethral
extensibility decreased with aging (r ==0.806, p <0.001). Mean extensibility of the whole male
urethra was 66.2% = 7.2% and differences among urethral segments were not significant (p =
0.283). Mean maximal stretched length-without penile eurvature at artificial erection was 75.2%
+ 3.8% and it did not change with age.

Conclusions: Knowledge of the safe anatomical limit of urethral extensibility applied to
reconstructive surgery may avoid complications and the necessity for more complex techniques.
This limit should be approximately 75% of the maximal constant traction length or a gap-to-
normal urethra ratio of 1:4. However, age related variations should be considered.
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The human male urethra can be divided into the prostatic,
membranous and spongy urethral segments, which have
structural differences. The spongy urethra, also called the
anterior urethra due to its location, consists of an almost
central tunnel of urothelial mucosa supported by a network
of interconnected spaces lined with endothelium surrounded
by a thin fibrous envelope. The lamina propria of the mucosa
is loose connective tissue with abundant elastic networks. No
independent submucosa layer is distinguishable. The ante-
rior urethra is composed of a large portion of extracellular
matrix distributed in a unique structure. Smooth muscle
cells and elastic fibers are major components of the extracel-
lular matrix and, in addition to the spongy feature, they
provide the human male urethra with a large capacity to
extend under traction.! This extensibility is the principle of
several surgical techniques used to correct urethral defects
and more recently provide a real increase in penile
length.2-10 While excessive mobilization of the spongy ure-
thra is not desirable, the success rate of these surgical tech-
niques depends on the possibility of forming free tension
anastomosis of the stretched urethral segment. Urethral
anastomosis under tension can cause complications, such as
penile curvature or chordee. Despite long-standing use of the
extension properties of the male urethra in reconstructive
surgery,?3 to our knowledge urethral extensibility has not
yet been established by a morphological study. To determine
the safe limits of male urethra extensibility for reconstruc-
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tive surgery we measured normal, fresh human cadaveric
urethras with and without traction.

MATERIALS AND METHODS

We studied 28 macroscopically normal, fresh human ca-
daveric urethras from men who died of causes not related to
the urogenital tract. The local committee on human research
approved the study. To obtain the urethra all skin around the
penis was dissected'and an H-shaped fragment of pubic bone
was removed. The prostate, urethra and penile shaft were
completely removed and frozen at —20C. After 24 to 48 hours
the specimen was dissected at 22C. The individuals were 6
months to 73 years old at death (mean age 30.6) and time
between death and specimen extraction was 4 to 10 hours
(mean 6).

Artificial erection with saline was induced in all speci-
mens!! and the erect penis was photographed with a digital
camera. The image was transferred to a computer and the
angle of penile deviation was determined by the 5-line sys-
tem12 using imaging software. We excluded 3 specimens from
study due to penile curvature greater than 15 degrees. Dur-
ing dissection the limits of the urethral segments were
marked with a nylon stitch to ensure accurate measurement
after traction. To divide the urethra we used certain anatom-
ical limits, including the penile urethra (from the junction of
the urethra with the retroglanular sulcus to the median
insertion of the bulbospongiosus muscle) bulbar urethra (fol-
lowing the penile urethra to the urethral insertion in the
rhabdosphincter), membranous urethra (following the bulbar
urethra to the prostatic apex) and total urethra (from
urethral meatus to prostatic apex). Penile length was meas-
ured from the inferior edge of the pubic arch to the urethral
meatus.
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All measurements were obtained with a rigid rule gradu-
ated in mm. and the mean of 3 consecutive readings was
recorded. Length is expressed in cm. After initial length
measurement the urethra was completely mobilized from
adjacent structures. Urethral length at rest (unstretched)
and under maximal constant manual traction were deter-
mined. Extensibility is expressed as the percent variation in
maximal constant traction length and urethral length at rest.
Also, the maximal stretched length that did not induce penile
curvature at saline induced artificial erection was deter-
mined. To assess the latter length we used the sum of bulbar
and penile maximal constant traction lengths because it rep-
resented the total available segment of anterior urethra on
which the extension principle can be applied for reconstruc-
tive procedures. While still under the same tension used for
assessing maximal constant traction, this segment was reat-
tached to the tunica albuginea of the corpora cavernosa and
artificial erection was induced with intracavernous saline.
Consequently penile curvature was present in all specimens.
Urethral tension was progressively decreased until no evi-
dence of penile curvature was detected. This resultant ure-
thral segment, termed the maximal stretched length without
penile curvature at artificial erection, was measured. The
difference in this segment and maximal constant traction
length is expressed as a percent.

To assess differences among groups the t test and analysis
of variance were used when appropriate. Extensibility and
maximal stretched length without penile curvature at ar-
tificial erection changes with age were correlated by linear
regression analysis. Data are expressed as the mean = 1
standard deviation with p <0.05 considered statistically
significant.

RESULTS

Mean unstretched penile length was 11.0 = 2.8 cm. After
applying maximal constant traction it was 165 = 4.1 cm.
Penile extensibility was 51.1% = 7.0%.

Mean whole urethral length before and after maximal con-
stant traction was 18.6 = 5.0 and 30.7 #= 8.1 em., respec-
tively. Mean urethral extensibility was 66.2% * 7.2%. Dif-
ferences among the distinct urethral segments were not
significant (table 1). Urethral extensibility was significantly
greater than penile extensibility (p <0.001) and each value
decreased with aging (fig. 1). The mean critical value of
maximal stretched length without penile curvature at artifi-
cial erection was 75.2% = 3.8%, which slightly decreased
with aging. Due to its poor correlation coefficient it was
considered a constant factor (fig. 2).

To apply our results in clinical practice we expressed the
problem by the equation, Un = Smax — Def, where Un
represents the safe length of normal urethra in cm. to be
mobilized and extended, Smax is the maximum stretched
length that did not induce penile curvature and Def is ure-
thral defect length in cm. requiring repair. This equation
allowed us to assess the ratio of normal urethra that must be
mobilized to bridge a gap. As noted, maximal stretched
length without penile curvature at artificial erection was a
constant factor with a mean value of 75.2% of maximal con-
stant traction length. Therefore, Un = 0.752Tmax — Def. We
assessed mean normal urethral variation or extensibility
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Fic. 1. Correlation of maximal extensibility of human male ure-
thra (thick line) with penis (thin line) by patient age. Urethral
extensibility was significantly higher than penile extensibility (p
<0.001) and each decreased with aging (r = —0.806 and —0.864,
respectively).
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Fic. 2. Correlation of maximal stretched length without inducing
curvature at artificial erection (Smax) with patient age. Maximal
stretched length slightly decreased with aging (r = —0.4267, p
<0.05).

under maximal tension and it was 66.2% that of the normal
urethra. Thus, Un = (0.752)(1.662Un) — Def — Un =
1.2498Un — Def — 1.2498Un — Un = Def — 0.2498Un = Def
— Un = Def/0.2498 — Un = 4 Def. Therefore, the ratio is 1:4.
That is, to bridge a 1 cm. gap 4 cm. of normal urethra
mobilization are recommended.

Specifically our study showed that, while maximal
stretched length without penile curvature at artificial erec-
tion was a constant value, maximal constant traction length
varied with age. Thus, using the previous equation and
substituting the respective equation of linear estimation
for urethral maximal constant traction length Un =

TABLE 1. Length of segments of 25 male urethras with and without maximal constant traction

Mean Length = SD (cm.)

Urethral Segment
Without Traction

Mean % Extensibility + SD*
With Traction

Total urethra 18.6 £ 5.0
Penile 12.7 = 3.7
Bulbar 3.4+13
Membranous 14*+04

30.7 = 8.1 66.2 = 7.2
20.5 5.8 62.6 =74
57+22 65.6 = 6.3
22x07 64.8 = 6.8

* Not significant (p = 0.283).
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TABLE 2. Changes in the length of normal urethra necessary to
overcome a gap by patient age

Age Estimated Linear Regression Ratio
1 1:3.2
10 1:3.4
20 1:3.7
30 1:4.0
40 1:4.5
50 1:5.0
60 1:5.7
70 1:6.6

0.75(—0.0032404 age + 1.76044)Un — Def (fig. 1). Thus, we
may now assess specific ratios according to patient age
(table 2).

DISCUSSION

There has been great progress in reconstructive surgery of
the male urethra in the last decades. Several complex tech-
niques were developed to correct urethral defects. Flaps and
organic or synthetic grafts have been used with great varia-
tion in the success rate.l3 However, there is no an ideal
substitute for the male urethra and to our knowledge at this
time, there is no alternative as good as the urethra. Long-
term results of urethroplasty for stricture show that the best
success rate is achieved by excising the stricture and forming
end-to-end anastomosis of the 2 healthy ends on either side.14
Also, surgical techniques of hypospadias repair that use the
original urethral tissue rather than flap or graft techniques
result in fewer complications.15-17

Penile extensibility is limited by the tunica albuginea of
the corpora cavernosa.l8.1° The tunica albuginea of the cor-
pus spongiosum has a thin adventitia and its collagen fibers
do not form a complex structure, as do those of the tunica
albuginea of the corpora cavernosa. The male urethra has
great capacity to extend under traction and we noted that the
urethra has greater capacity of extension than the penis.
This fact was observed during disassembly surgery for penile
lengthening,0 in which the main limiting factor is the small
capacity of the penile neurovascular bundles to extend and
not urethral extensibility.

In the current literature the limits determined for the
indication of end-to-end anastomosis in bulbar urethroplasty
are exclusively for adults without considering patient age or
penis size. These limits are commonly up to 3 cm.7.14.20
Mobilizing the spongy urethra is possible for advancement
and does not cause curvature if the limit of 75% of maximal
constant traction length or the general ratio of 1:4 is used.
Each additional opening in the healthy urethra end (spatu-
lation technique) can be included in defect length. However,
as in the penis,8.21 urethral extensibility decreases with
aging. In older patients the urethra is less extensible than in
young patients, which should be considered at surgery. Fur-
thermore, older patients have alterations that interfere neg-
atively with wound healing. In regard to hypospadias we
identified only 1 study in which a ratio of 1:3 was empirically
recommended.?

To enhance the application of our results and decrease
adverse effects due to short or extended mobilization of the
spongy urethra we recommend using our data (table 2).
Structural alterations in the extracellular matrix of the penis
with aging should decrease its extensibility. These alter-
ations may be considered a normal event of penile aging.
Thus, ideally the limits that we propose should be adjusted to
patient age. With respect to the application of the extension
principle to the urethra in boys several long-term results
confirm its safety. Therefore, the fear of late chordee, isch-
emia of the anastomosis site or even necrosis is not justi-
fied.5:15.16 If the limits proposed in the current study are
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followed, no mobilization related complications would be ex-
pected, such as meatal retraction or dehiscence.

Extrapolating our results in cadavers to live urethras may
carry some limitations. However, we studied macroscopically
normal, fresh cadaveric urethras, which we consider the most
perfect available samples to answer the clinical question of
how far the male urethra may be stretched before causing
penile curvature. We have previously performed a small pilot
study that showed similar urethral extensibility in fresh and
thawed specimens. Thus, we believe that freezing does not
cause significant changes in the urethral and penile extensi-
bility.

We did not identify any morphological study in the litera-
ture that justified previous values. We believe that those
values were determined by surgeons with recognized experi-
ence in urethral surgery based on their practical clinical and
perioperative subjective impressions without rigorous meas-
urement. Also, urethral size was never considered a limiting
factor and penile dimensions vary considerably.22

Interestingly some groups described successful repair us-
ing end-to-end anastomosis after the failure of a previous
operative attempt.?-20 In this situation it is more logical to
consider that maximal stretched length without penile cur-
vature at artificial erection was not explored at previous
surgery rather than that a proliferation of extracellular ma-
trix was stimulated by tension. However, additional factors
can limit the use of the extension principle in urethral sur-
gery. Extensive mobilization of the male urethra may injure
the urethral blood supply and spongiosclerosis or vascular
erectile dysfunction may develop.23.2¢ Also, according to the
law of Laplace over stretching the male urethra decreases its
lumen and may cause high bladder pressure during void-
ing.25

Despite differences in structure the whole urethra and
each -urethral segment have similar extensibility. The im-
pression that the bulbar urethra has more longitudinal ex-
tensibility than other urethral segments is not true.? We
notedithat longitudinal extensibility of the bulbar urethra is
the same as that of the other.segments. The distribution of
corpus spongiosum in the bulbous urethra causes high exten-
sibility in the axial plane, permitting great dilatation of its
lumen. What is relevant to surgeons is that bulbar mobiliza-
tion may correct the natural angle of curvature of the bulbar
urethra to gain additional length. Furthermore, other alter-
native procedures to achieve more correction have been de-
scribed, such as splitting the corpora cavernosa and excising
the suspensory ligament, which in addition to extension
properties, may overcome large urethral defects without
grafts or flaps.14

CONCLUSIONS

Knowledge of the safe anatomical limit of urethral exten-
sibility applied to reconstructive surgery may avoid compli-
cations and the necessity of more complex techniques. This
limit should be approximately 75% of maximal constant trac-
tion length or a general gap-to-normal urethra ratio of 1:4.
However, age related variations of urethral extensibility
should be considered. Thus, the ratio in younger patients is
lower than in older patients.

Dr. Carlos A. B. Klojda provided most anatomical specimens.
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