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ABSTRACT

Purpose: The anatomy of posterior urethral distraction injuries is controversial. We present a
cadaver study of posterior urethral distraction injuries. To our knowledge this is the first study
that establishes that the most common location is distal to the external urinary sphincter.

Materials and Methods: We performed an autopsy review of 10 male patients with posterior
urethral distraction injuries.

Results: Urethral disruption occurred distal to the external urinary sphincter in 7 of 10
patients. It appeared to occur when the anterior pelvic ring and urogenital diaphragm complex
were displaced caudal and rostrally, tearing the urogenital diaphragm off of the urethra. The
average inner mucogal defect = SD was 3.5 = 0.5 cm, while the defect between the outer urethral
layer (funica of the spongiosum) was 2.0 = 0.2 cm due to mucosal retraction. Simple and complex
injuries could be observed, according to the clinical classification proposed by Turner-Warwick in
1989. Simple injuries had less significant dislocation of the symphysis, general maintenance of
urethral continuity and slightly shorter mucosal distraction (3.3 cm). Complex disruptions had
gignificant symphyseal dislocation, complete disassociation of the urethral ends (often with
interposition of other tissues) and a slightly longer mucosal distraction (3.8 cm).

Conclusions: Posterior urethral distraction injuries appear to most commonly occur distal to
the urogenital diaphragm, contrary to classic teaching. These injuries are on average between 3
and 4 ¢m, and they are more significant dorsal than ventral. They appear to oceur as simple or
complex injuries, mirroring the clinical findings seen in clinically simple and complex urethral
strictures.
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The anatomy of posterior urethral distraction injuries is a
source of controversy. Older, classic teaching suggests that
the prostatic urethra is torn off of the urogenital diaphragm
at a location proximal to the striated urinary sphincter.i.2
Diagrams proporting this have been widely published (fig. 1).
This proximal urethral injury is said to result in striated
sphincter incompetence after urethral distraction injuries.3
However, more modern series have shown that urethro-
graphically,4 urodynamically,5 cystoseopicallys and surgical-
lyS injury appears to be distal to the striated sphincter in a
majority of cases. The most modern texts are only recently
describing this finding.? To our knowledge this is the first
report of autopsy evidence for a distal location of most pos-
terior urethral distraction injuries, which should greatly bol-
ster the believability of evidence previously determined by
more indirect means.

Clinical evidence for a distal location of most urethral
injuries has been previously published. Of the 17 continent
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patients with posterior urethral distraction injury treated
with perineal urethroplasty reported on by Andrich and
Mundy the internal sphincter was cystoscopically visible
proximal to the injury in 13 (65%).5 This was confirmable on
urodynamics in 11 of the 17 patients (55%). The sphincter
usually appeared 1 to 2 em proximal to the urethroplasty
scar.

Surgical data also support this assertion. During perineal
approach urethroplasty for the repair of strictures resulting
from posterior urethral distraction injury, Mundy main-
tained that 100% of 17 patients had injuries distal to the
sphincter (fig. 2).5 Also, patients with urethral distraction
injury usually have a visible verumontanum well proximal to
the area of injury,8 further supporting the distal location of
most urethral distraction injuries. However, despite these
data many practitioners and groups persist in the belief that
these injuries are posterior, that is proximal to the external
sphincter.

To our knowledge autopsy data on the subject have been
absent to date. Accordingly we began autopsy investigations
in patients with posterior urethral distraction injury to prove
or disprove the assertion that urethral distraction injuries
occur distal to the sphincter.
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F1c. 1. Classic teaching suggested that urethra is torn proximal to
urogenital diaphragm. This is likely incorrect in light of more recent
understanding.

MATERIALS AND METHODS

We performed an autopsy study in 10 fresh male cadavers
with pelvic fracture and posterior urethral distraction inju-
ries who died of their multiple injuries. Average time from
injury to death was 3 days. Specimens were obtained by en
bloc evisceration of the anterior pelvic bones and viscera,
including the urogenital diaphragm, urethra, bladder, penis
and surrounding soft tissues. After precise visual inspection
to determine the exact nature of gross tissue disturbances
the intact urethra was removed. The external urethral sur-
face was coated with India ink and fixed in 10% formalin
solution for 24 hours. Microscopic preparations were stained
with hematoxylin and eosin, and examined microsecopically.
The exact location and length of each urethral injury was
noted and injuries were classified as simple and complex, as
proposed by Turner-Warwick.?

RESULTS

Simple vs complex. Complete urethral disruption was
found in 9 patients, while partial rupture was seen in 1. Of
the complete disruptions there were 6 simple and 3 complex
injuries, Simple injuries involved modest dislocation of the
symphysis backward and upward, which was associated with
the general maintenance of urethral continuity, and slightly
shorter mean mucosal distraction = SD (3.3 = 0.7 cm). Com-
plex disruptions showed significant symphyseal dislocation,
complete disassociation of the urethral ends (often with in-
terposition of other tissues) and slightly longer mucosal dis-
traction (3.8 = 0.7 em) (fig. 3). In each case the extent of
external urethral distraction was less than the distraction of
the urethral mucosa due to retraction of the mucosal tissues.
Average retraction of the urethral mucosa was 1.9 = 0.5 em
for simple injuries vs 2.0 = 0.2 cm for complex injuries.

All patients had unstable pelvic fractures. The most fre-
quent fracture was a bilateral pubic ramic fracture (butterfly
fracture) with associated dislocation of the pubosymphysis
upward and backward (32% of cases).

Mechanism and loecation. The mechanism of urethral dis-
ruption appeared to be separation of the anterior pelvie ring
(symphysis) together as a unit with the urogenital dia-
phragm. Backward and upward displacement of this unit
tore the urethra off of the urogenital diaphragm, as described
in 1980 by Pennal et 21,2 at a location distal to the sphine-
ter.1® The urethra appeared tightly adherent to the urogen-
ital diaphragm, making the site of separation at the weaker
proximal bulbar urethra more likely.

PATHOLOGICAL EXAMINATION OF URETHRAL DISTRACTION
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F1G. 2. Patient with previous posterior urethral distraction in-
jury. A, retrograde urethrogram clearly shows injury distal to stri-
ated sphincter. B, intraoperative photograph reveals injury distal to
striated sphincter.

In 7 of 10 cases urethral injury was distal to the membra-
nous urethra. In 3 of 10 cases it involved the membranous
urethra or was proximal to it (fig. 4). In 7 of 10 cases the
urethral defect was greater on the dorsal than on the ventral
urethra (fig. 5).

DISCUSSION

Location of injury. The existing literature appears ade-
quately to establish that most posterior urethral distraction
injuries occur distal to the striated sphincter using clinical
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F1G. 3. Complex urethral disruptien resulting in interposition of
tissue between torn urethral ends, Arrow indicates significant tissue
interposed between urethral mucosal ends, which are seen at point
where each metal sound exits urethra. Such interposition might
make early endoscopic realignment difficult or impossible. Quter
tissue is inked, resulting in dark appearance.

observation 4-6.8 However, this concept is not yet universally
embraced and to our knowledge we present the first direct
observations using autopsy specimens to prove it. Other
studies, such as a cystoscopic series of 17 patients with ure-
thral distraction injury, showed an injury location distal to
the sphincter in 65%,% which correlates with our 70% rate.

It is not clear why the older theories that urethral injury
occurs proximal to the sphincter have persisted. They were
based on expert opinion but had little objective support...3
Despite this fact, they have proved difficult to topple even
when supplanted by reliable data, Even now not all modern
authorities support our conclusion. Koraitim reported on 145
patients with posterior urethral distraction injury and stric-
ture that he believed clinically had fibrous processes involv-
ing rather than sparing the membranous urethra.!! Colap-
into and McCallum presented drawings that clearly depict a
more proximal location for posterior urethral injuries.? Per-
haps after healing and scarring the exact location of injury in
these patients is too difficult to determine with certainty
during urethroplasty or perhaps the urogenital diaphragm
structures are not as consistent as we have believed and they
are not easily identified.1213 Nevertheless, we believe that
the preponderance of evidence supports a more distal ure-
thral location in the majority of patients. These autopsy data
provide a powerful argument to bolster the assertions previ-
ously made using vrethrography,* urodynamics,5 cystoscopy®
and direct observation during surgery.®

i =

" Yerumontanum
FIG. 4. Simple urethral disruption with urethral injury well distal
to verumontanum. Paper strips indicate disrupted urethral ends.
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Dorsal

Fig. 5. Complete urethral disruption shows more significant mu-
cosal gap dorsal than ventral. Note that urethral catheter is visible
through large dorsal gap but it is not seen ventral,

The fact that 30% of urethral distraction injuries in this
and other similar series5 were located proximal to the sphinc-
ter supports the admonition of many experts in the field that
operations that may injure the internal (bladder neck) uri-
nary sphincter should not be done in these patients because
they may result in incontinence,14.15

That is not to say that urethral injuries cannot occur prox-
imal to the sphincter, especially in children,® as in 3 of our
10 patients. Clinically it is still important to confirm the
anatomy of urethral injuries when planning urethroplasty by
preoperative retrograde urethrogram, preoperative retro-
grade urethrogram with voiding cystourethrogram or mag-
netic resonance imaging. 14

Mechanism of injury. Our observations seems to support
previously published assertions that urethral injury occurs
when shear forces on the pubic bone result in posterior as
well as upward displacement.1® What differs in our observa-
tion is the finding that the pubic bone and urogenital dia-
phragm are tightly adherent to the urethra proximal to the
striated sphincter but less so distal to the sphincter. This
appears to result in a tendency toward urethral fracture at
the weaker, more distal point, that is the bulbar urethra.

Simple vs complex injury. We were gratified to confirm the
clinical observations of Turner-Warwick concerning simple
and complex urethral distraction injuries.® In this classifica-
tion simple strictures were short, had minimal associated
fibrosis and could be treated with perineal approach anasto-
motic urethroplasty. They were seen in 6 of the 9 complete
urethral injuries (66%) in this series. Complex strictures
were long, had significant associated fibrosis and might be
complicated by false passages, pubic osteomyelitis, fistulas or
coincident bladder neck injury. They were seen in 3 of the 9
patients (33%) in this series. Complex injuries such as those
in this series may cause the complex strictures described in
1989 by Turner-Warwick.? These patients might require
more aggressive therapy, such as combined abdominoperi-
neal approach anastomotic urethroplasty, omental wrapping
of the repair, pubectomy, fistula repair, bladder neck repair
or other adjunct surgical therapy. When approached perine-
ally, these cases may be more technically demanding or ex-
perience higher failure rates and complications. However, in
general we believe the assertions of others!4.16.17 that most
urethral stricture defects can be safely approached perineally
and only the minority require the combined abdominoperi-
neal approach.

We confirmed that some complex urethral distraction in-
juries were associated with tissue between the torn urethral
ends (fig. 3). We hypothesize that this tissue might make
early endoscopic realignment difficult or impossible when
present. Although this study was not designed to answer this
question, we also hypothesize that such tissue might make
subsequent urethroplasty more difficult when this tissue
heals in place.

CONCLUSIONS

The site of urethral injury after pelvic fracture distraction
injury appears to be just distal to the urogenital diaphragm
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in most cases (70%). Simple and complex acute injuries ap-
pear to exist and they may model subsequent simple and
complex urethral stricture, as described by Turner-
Warwick.? The average size of urethral mucosal distraction
defects is 3.3 ¢m for simple injuries and 3.8 cm for complex
injuries. Because of retraction of the urethral mucosa, the
spongiosal defeet is about 1.5 cm shorter than the more
retracted mucosa. The mechanism of urethral injury appears
to involve shear forces on the pubic bone, resulting in poste-
rior and upward bony displacement, which pulls the urethra
apart at its weakest point, that is the bulbar urethra. The
pubic bone and urogenital diaphragm are tightly adherent to
the proximal urethra but less so to the distal urethra, result-
ing in a tendency toward urethral fracture at the weaker
point distal to the sphincter.
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