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Introduction: Optimal management of transverse sacral fractures (TSF) remains inconclusive. These injuries may
present with neurological deficits including cauda equina syndrome. We present our series of laminectomy for
acute TSF with cauda equina compression.

Methods: This was a retrospective chart review of all patients that underwent sacral laminectomy for treatment of
cauda equina compression in acute TSF at our institution between 2007 through 2023.

Results: A total of 9 patients (5 male and 4 female) underwent sacral laminectomy to decompress the cauda
equina in the setting of acute high impact trauma. Surgeries were done early within a mean time of 5.9 days. All
but one patient had symptomatic cauda equina syndrome. In one instance surgery was applied due to significant
canal stenosis present on imaging in a patient with diminished mental status not allowing proper neurological
examination. Torn sacral nerve roots were repaired directly when possible. All patients regained their neuro-
logical function related to the sacral cauda equina on follow up. The rate of surgical site infection (SSI) was 33%.
Conclusion: Acute early sacral laminectomy and nerve root repair as needed was effective in recovering bowel
and bladder function in patients after high impact trauma and TSF with cauda equina compression. A high SSI
rate may be reduced by delaying surgery past 1 week from trauma, but little data exists at this time for clear
recommendations.

neurological deficit compared to Zone I or II fractures.' The sacral canal
contains the distal end of the thecal sac as well as the sacral cauda

1. Introduction

Fractures of the sacrum have been divided into 3 zones anatomically.
These represent fractures that do not include the central sacral canal or
neural foramen (Zone I fractures), fractures that do not include the
sacral canal but do involve the neural foramen (Zone II fractures), or
fractures that include the sacral canal (Zone III fractures).! Zone III
fractures have been found to carry the highest risk of associated

equina and nerve roots, which supply not only parts of the lower ex-
tremity sensation and motor function, but also provide neural innerva-
tion for bowel, bladder, and sexual function. Therefore, sacral fractures
have been associated with acute loss of bowel and bladder (B&B)
function in the setting of trauma.' ™ Neurological deficits associated
with sacral fractures have been graded by Gibbons et al into 4 categories

Abbreviations: TSF, Transverse sacral fracture; SSI, Surgical site infection; MVA, Motor vehicular accident; B&B, Bowel and bladder; RCC, Roy-Camille classifi-
cation; SCE, Sacral cauda equina; UTI, Urinary tract infection; CSF, Cerebrospinal fluid; CT, Computed tomography; IRB, Institutional review board.
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of increased severity.> Grade 1 entails no neurological deficit, grade 2
paresthesia only, grade 3 motor loss with or without paresthesia, and
grade 4 bowel and/or bladder dysfunction with or without motor or
sensory dysfunction.2 Transverse sacral fractures (TSF), which comprise
a sub-group of Zone III sacral fractures, have been associated with a
significant potential for B&B dysfunction.'® TSF are further
sub-classified by Roy-Camille et al with additional specification by
Strange-Vognsen and Lebech into 4 subcategories.”” These 4 types
include type 1 flexion fractures with sacral angulation without cephalad
fragment displacement, type 2 flexion fractures with posterior
displacement of the cephalad fragment, type 3 fractures with anterior
displacement of the cephalad fragment,® and type 4 fractures with
comminution of the upper sacrum.” Going forward in this presentation
we will refer to this extended classification as the Roy-Camille classifi-
cation (RCC).>” Due to the overall rarity of these types of sacral fractures
strong guidelines with regards to the management of such fractures have
been lacking. Generally, no clear-cut consensus has been established to
favor surgical or conservative treatment specifically to address any B&B
compromise that may be associated with TSF.>®

The goal of this article was to review our neurosurgical data on direct
open decompressive treatment (sacral laminectomy) applied to acute
traumatic TSF with compromise of the sacral cauda equina (SCE).

Specifically, the intention has been to focus on the neurosurgical
aspects of SCE compromise. Issues with regards to the orthopedic side of
pelvic ring stability, lumbo-pelvic instability, pelvic organ injury of the
genito-urinary and bowel systems, or lumbo-sacral plexus injury were
not the focus of this article.

2. Methods

This study reviewed retrospectively all patients that underwent
direct sacral decompressive laminectomy for acute traumatic Zone III
TSF (fractures involving the sacral canal) with neural deficits related to
the sacral cauda equina nerve roots classified per the Gibbons criteria as
grade 4 or with significant (50% or greater) boney sacral canal stenosis
from fracture without known neurological deficits in patients with
diminished mental status and with no contraindications for acutely
performed sacral laminectomy. Further inclusion criteria were that the
fracture had to include a sacral level between S1 to S3 (proximal sacral
fracture). Isolated distal sacral fractures (S4-5) were excluded. Presence
of canal stenosis was graded as severe (greater than 50% stenosis),
moderate up to 50% stenosis, or mild less than 25% stenosis. Moreover,
all patients had to have their sacral decompression during the index
hospitalization and had their surgery performed by the senior author
(IFE). Indirect reduction of sacral angulation or deformity was not
attempted. The study period was from 2007 to 2023 at a level one
metropolitan trauma hospital.

Patients” records were reviewed retrospectively, follow up was
generated from outpatient records as well as phone calls placed to pa-
tients. Institutional review board (IRB) approval was obtained for this
study.

3. Results

A total of nine patients (5 men and 4 women; mean age 36.9 years,
range 15-58 years) met the inclusion criteria. Mechanism of injury
included 5 vehicular related accidents, 3 falls from height, and one in-
dustrial crush injury. None of the trauma mechanisms were due to sui-
cide. Eight patients presented with associated spine injuries (1 case of
thoracic chance fracture needing surgery, 1 case of multiple thoracic
compression fractures, 1 case of lumbar compression fracture, 1 case of
lumbar burst fracture, and four cases of lumbar transverse-process or
spinous process fractures). None presented with an associated spinal
cord injury or lumbar cauda equina injury. Therefore, we have no pa-
tients presenting in spinal shock. Five patients were polytraumas. Four
patients also had anterior pelvic ring injuries, with one acetabular
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fracture. One patient each had an associated bladder and urethra injury
or anal tear (Table 1). None presented with an isolated sacral fracture.
Fracture morphology included 3 cases of S3 fractures, and each 2 cases
involving S1-2 junction, S2 body, and S2-3 junction (Table 1). Based on
the RCC, we found one type 1 injury, seven type 2 injuries, and one type
4 injury. We did not have any type 3 injuries (Table 1). Degree of canal
stenosis was severe in 3 instances, moderate in 3, and mild in 3 (Table 2).

3.1. Neurological findings

All but one patient had symptoms related to sacral cauda equina
nerve root compromise (Table 2). In 6 patients there was numbness to
light touch over the saddle region. This was consistent with overt SCE
syndrome. Two patients had mild SCE syndrome due to the absence of
saddle anesthesia. These patients suffered from urinary retention. The
final patient was not amenable to exam due to mental status. Five had
abnormal anal sphincter exam including diminished rectal tone, absent
anal sphincter reflexes (anal wink reflex, bulbocavernosus reflex), and/
or absence of voluntary external anal sphincter contraction. Five pa-
tients had some degree of urinary retention as evidenced by complete
inability to urinate or a post void residual well over 100 cc (Table 2). In
one patient a comprehensive exam was not possible due to prolonged
diminished mental status from alcohol withdrawal. This patient had a
moderate sacral canal stenosis without contraindications for surgery and
went on to undergo sacral decompression laminectomy (Fig. 1).

3.2. Surgical findings

Levels of laminectomy included S1-S4 in five cases, S2-S4 in three,
and L5-S4 in one patient. Timing of surgery was from 1 to 20 days (mean
5.9 days) after admission during index hospitalization (Table 3). Two
patients also underwent a lumbo-pelvic fixation along with their sacral
decompression for lumbo-pelvic instability, with two other patients
undergoing ilio-sacral fixation for stability. Intra-operative findings
(Table 3) disclosed contusions to the sacral nerves in all instances, with
individual nerve root disruption in 3 cases (two cases with partial or
complete nerve root tears needing nerve root repair with end-to-end
coaptation and nerve tube placement) (Fig. 1). In all but one patient
(case 1), the injury to the sacral nerves appeared bilateral. In case 1, the
bruising was overt and involved the right S3 and S4 nerve roots.
Although frank bruising was not observed on the left side, subtle nerve
root damage could not be excluded (Table 3). In one instance a trau-
matic spinal fluid leak was repaired (Fig. 1, Table 3).

3.3. Patient outcomes

A total of 4 patients had a surgical complication related to their
sacral laminectomy (Table 3). Three patients suffered from a surgical
site infection (SSI). One of these patients also had a lumbo-pelvic fixa-
tion done for pelvic instability from an industrial crush injury. Another
patient had a Morel-Lavallée internal degloving injury to the posterior
sacral/pelvic soft tissues. One patient suffered from a new onset post-
operative coccydynia that spontaneously resolved after 8 months.

Long term follow-up ranged from 15 to 139 months (mean 87.7
months, median 114 months). This was equivalent to 789 person-
months. All patients reported normal function of bowel and bladder
related to their index trauma (Table 3). One patient 8 years after his
trauma had suffered from new diagnosis of prostate cancer and had
developed bowel and bladder dysfunction related to the new interval
diagnosis and treatment. B&B symptoms improved generally within the
index hospitalization after surgery or within 4 months post operatively.
One patient (19-year-old-female) had noticed occasional urinary tract
infections following the index trauma, but did not complain of inconti-
nence. Interestingly, she noted improved sexual functions with regards
to orgasm post-sacral decompression, that even surpassed her pre-injury
normal function. One male patient after crush injury complained of post-
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Table 1
Patient demographics.
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Case (Age & Mechanism Level of Sacral Roy-Camille Associated Injuries

Sex) Fracture Classification

1 (19F) MVA S3 Type 2 Pelvic ring fracture, rib fracture, lumbar transverse process fracture, kidney laceration

2 (58M) MCC S3 Type 2 Thoracic chance fracture, upper and lower extremity fracture

3 (56M) Crush S1-2 Type 4 Bladder and urethra injury, lumbar transverse process fracture, pelvic ring fracture, rib
fracture, hand fracture

4 (32F) Auto vs S3 Type 2 Lumbar transverse process fracture

Pedestrian

5 (45M) Fall from height S2-3 Type 2 Lumbar compression fracture

6 (40F) Fall from height S2-3 Type 1 Lumbar spinous process fracture

7 (19M) MCC S1-2 Type 2 Pelvic ring fracture

8 (48 M) Fall from height S2 Type 2 Lumbar burst fracture, bilateral lower extremity fractures, upper extremity fracture, rib
fracture

9 (15F) MVA S2 Type 2 Thoracic compression fractures, pelvic ring fracture, leg fractures, anal tear, road rashes,

Morel-Lavallée

MVA = Motor vehicular accident.
MCC = Motorcycle crash.

Table 2
Neurological assessment of sacral cauda equina function in relation to traumatic
sacral canal stenosis.

Case  Degree of Neurological assessment of SCE  Rectal Post Void
sacral canal function Tone Residual
stenosis

1 Severe Saddle anesthesia, absent anal Intact Not

wink reflex, absent obtained
bulbocavernosus reflex, no
voluntary anal squeeze

2 Severe Saddle anesthesia, urinary Weak Not

retention, stool incontinence obtained

3 Mild Saddle anesthesia, weakness Absent Not

and numbness in both feet, obtained
absent anal squeeze

4 Severe Urinary retention Intact 820 cc

5 Mild Saddle anesthesia, absent Intact 600 cc

bulbocavernosus reflex, urinary
retention, stool incontinence

6 Moderate Saddle anesthesia, urinary Intact Unable to

retention urinate

7 Mild Saddle anesthesia Intact 160 cc

8 Moderate Unknown Intact Not

obtained

9 Moderate Urinary retention Weak Unable to

urinate

> 50% stenosis = Severe.
25-50% stenosis = Moderate.
< 25% stenosis = Mild.

trauma sexual dysfunction, but had intact bowel and bladder function.
This was thought to be associated with the general pelvic trauma rather
than due to sequala from the SCE injury since B&B function were sub-
jectively normal at follow up. This patient also suffered from bilateral
foot weakness and numbness that fully recovered on follow up. No other
patient had any weakness or numbness of the lower extremities reported
prior or after sacral surgery.

4. Discussion

Transverse sacral fractures (TSF) have long been associated with
compromise to the SCE and dysfunction of B&B.!® Management has
been surgical or conservative with generally similar success rates re-
ported to address SCE injury.>® Surgical treatment has been divided into
two distinct methods of SCE decompression. Here, a direct decompres-
sion with sacral laminectomy, or an indirect decompression of the SCE
by reducing the sacral fracture with fixation, as well as a combination of
both methods have been shown to successfully alleviate B&B
symptoms.”°

Due to the general rarity of TSF focused literature reviews have

delivered non-conclusive recommendations with regards to surgical or
conservative therapy.S’8 Generally, it appears that such treatment is left
to the managing surgeon. Also, any symptomatic compromise of SCE is
very difficult to assess during the acute phase since patients are signif-
icantly injured, with involvement of pelvis, extremities, head injury, and
injury to the mobile segment of the spine. Deficits in B&B function may
not necessarily all stem from compromise to the SCE associated with
TSF, but can be the result of pelvic trauma itself with injury to bladder,
urethra, rectum, and pelvic floor,'”?! as well as injury to the
lumbo-sacral plexus and peripheral nerves,?? which can further obscure
the neurological outcome assessment after treatment applied to sacral
fractures with SCE syndrome. In our series we used saddle anesthesia,
the absence of reflexes such as bulbocavernosus and anal wink reflex,
weak or absent rectal tone, the inability to voluntarily squeeze the
external anal sphincter, any difficulty emptying the bladder, frank stool
incontinence, weakness in foot plantar flexion, and numbness on the
sole of the feet as symptoms and signs contributing to clinical diagnosis
of SCE injury. We used a post void residual of well over 100 cc as our
cutoff to define abnormality. Here, one may counter that larger post void
residuals of 200 cc would be more appropriate to indicate urinary
dysfunction. In our series, the smallest post void volume measured was
160 cc. This instance was also accompanied by saddle anesthesia. Hence,
a single deficit alone was rarely used to diagnosed SCE. But rather, we
have used multiple clinical findings to substantiate this diagnosis, also
incorporating radiographic findings related to sacral canal stenosis and
trauma. In the instances (2 patients) with urinary retention being the
primary symptoms suggesting SCE involvement, radiographic findings
showed moderate and severe degree of canal stenosis of the sacrum,
respectively. One patient (case 4) did not have significant pelvic or
spinal trauma. Hence, we interpreted the urinary retention to be caused
by the severe traumatic canal stenosis. The other patient (case 9) had
moderate sacral canal stenosis, but also had suffered from pelvic trauma,
anal tear, along with other spinal trauma and extremity injuries. Here, it
was only on day 6 after admission that we elected surgery since urinary
retention was severe and did not improve conservatively. After the im-
mediate recovery period from surgery, the patient regained the ability to
spontaneously void normally. Hence, suggesting that the initial urinary
retention may have been due to the sacral canal compromise. Neurologic
deficits associated with sacral fractures have been graded by Gibbons
et al.” In our cohort every patient had a grade 4 deficit (loss of bowel
and/or bladder function with or without motor or sensory deficit),”
except one patient, who was not amenable for examination due to
prolonged diminished mental status associated with alcohol withdraw
(Fig. 1). Retrospectively, we found saddle anesthesia in this patient at 1
month post-operatively, indicating likely SCE injury at the time of pre-
sentation, since it would be otherwise unlikely, that the patient suffered
saddle anesthesia due to sacral laminectomy as a surgical complication.
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Fig. 1. (A) A sagittal bone window computed tomography (CT) of the sacrum is
depicted with a TSF, RCC type 2 acute fracture of S2. The sacral canal has a
stenosis of 50% approximately. (B) Intraoperative posterior view of a transverse
sacral fracture at S2 (white arrows) before decompression. The left side of the
image is cranial. (C) After sacral laminectomy has been accomplished, the
thecal sac is highlighted by a white star. The sacral nerve roots are marked with
a white diamond. The traumatic spinal fluid leak was repaired with a surgical
clip (thin black arrow). The severed left S3 nerve root was repaired with 2
sutures (2 dark dot like structures with white arrow pointing to the site
of repair).

Table 3
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Surgical findings and outcomes following sacral laminectomy and decompres-
sion for traumatic cauda equina compression.

Case  Days Operative Complications  Neurological Length
between Findings Recovery from  of follow
admission SCE syndrome  up
to surgery (months)
(days)

1 1 Bruised SSI No 24

right S3 incontinence,

and S4 resolved

nerves saddle
anesthesia,
occasional
UTIL, improved
sexual
function

2 20 Bruised S3 - No 139

nerves, full incontinence,
and partial resolved
tears S4 saddle
nerves, anesthesia
torn nerves
sutured
3 7 Bruised SSI No 135
S2-S5 incontinence,
nerves resolved
saddle
anesthesia,
resolved
numbness and
weakness in
feet, sexual
dysfunction
present
4 4 Bruised - No 120
S3-S5 incontinence
nerves,
mild tear
left S3
nerve not
repaired
5 7 Bruised - No 117
S2-S4 incontinence,
nerves resolved
saddle
anesthesia
6 2 Bruised Transient No 114
S2-S3 coccydynia incontinence,
nerves resolved
saddle
anesthesia
7 3 Bruised S1- - No 89
5 nerves incontinence,
resolved
saddle
anesthesia
8 3 Bruised S2- - No 36
5 nerves, incontinence,
left S3 torn resolved
nerve saddle
sutured, anesthesia
Traumatic
CSF leak
repaired
9 6 Bruised S1-  SSI No 15
5 nerves incontinence

CSF - Cerebrospinal fluid.
SSI - Surgical site infection.

Also, intraoperatively the left S3 nerve root was found torn and was
repaired. The remainder of the sacral nerve roots were all bruised. He
also had a traumatic CSF leak that was repaired (Fig. 1). All of our pa-
tients achieved subjective normal function of bowel and bladder upon
last follow up available. In one instance we had recurrent urinary tract
infection (UTI) recorded, which may indicate residual SCE dysfunction,
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but there was no complaint of saddle anesthesia or incontinence. In this
instance the patient reported much better climax intensity since sacral
laminectomy, even better than before the accident. This is a unique and
interesting finding that has not been reported elsewhere after sacral
laminectomy to our knowledge.

Sexual function was significantly diminished in a single patient after
crush injury on follow up.

4.1. Outcome of B&B function

Generally, the results in the literature vary with regards to B&B
function recovery, but a literature review revealed 56% improvement in
B&B function in patients with TSF regardless of treatment modality.®
Our results compare favorably since everyone recovered from their B&B
injury. However, our series has a significant short coming by only
obtaining subjective reports of B&B function. We did not apply a battery
of tests to investigate B&B function more objectively as described else-
where.?>?® Therefore, it is fair to state, that residual B&B dysfunction
may not have been detected in our series. It has been reported that a
significant proportion of patients with objective voiding dysfunction
found on urodynamic examinations associated with sacral fractures, did
not complain subjectively of urinary problems.'? Also, it is important to
stress that we did not have a formal control group to assess the neuro-
logical outcome. Therefore, we cannot comment on the success rate of
conservatively managed patients with these injuries.

4.2. Morphology of sacral fracture

In our series 55.6% of patients had their transverse fracture at S2-3
junction or S3, with few suffering injuries at S1 or S2. The latter in-
juries typically are more often associated with significant pelvic trauma
in general, and therefore, the results of B&B recovery may be lesser than
what we found in our series. Furthermore, our series did not have a RCC
type 3 injury. Only 4 of our patients underwent pelvic fixation, when
compared to some of the reported series where pelvic fixation was more
commonly applied, the sacral injury levels where typically higher (S1
and S2), and RCC type 3 injuries more commonly found.'"!*%¢-28 All
these differences make direct comparisons of studies very difficult.

4.3. Sacral nerve root injury

Sacral nerve root injury, compression, bruising, torn nerves, and
traumatic cerebrospinal fluid (CSF) leaks have been observed intra-
operatively in patients with TSF.1>%68:%14.26:29-32 A Jiterature review
failed to disclose any improvement in neurological recovery after the
repair of torn sacral nerves in TSF.>* In our series we repaired signifi-
cantly torn sacral nerve roots routinely if identified and feasible (cases 2
and 8) (Table 3, Fig. 1). Whether this had any impact on neurological
improvement, nerve recovery and B&B function is completely specula-
tive. Therefore, we cannot generally advocate for nerve root repair, but
we believe, that if it is readily done, one should consider it. In almost all
our cases, we could observe bilateral nerve root injuries not allowing us
to assess any potential recovery improvement in instances of unilateral

injury.
4.4. SSI and surgical timing

Lastly, our cohort had a rather high wound infection rate of over
33%, which is within the published range of infection reported in the
literature for surgery of TSF, typically from 0 to 37.59%.° '%!1416:27-29
Here, we can see a trend to lower SSI around 0-5.6% in late surgeries
performed mostly well after 1 week,'*? versus surgeries done sooner in
usually 7 or less days. Earlier surgeries for TSF tended to have a higher
range of SSI of 16-37.5% [14, 27, 28, and present study]. This has been
reported elsewhere as well.>* Here, one may consider delaying sacral
decompression beyond a week after injury. A review of the literature
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could not detect any benefit to early decompression (within 72 h) with
regards to neurological recovery.’® Ultimately, this must be further
investigated to better understand risk and benefit of surgical timing. In
our experience, it did not appear that the duration of the operation
contributed to an increase of SSI since all surgeries were done by the
senior author (IFE). However, 2 out of 3 instances of SSI, were associated
with severe lumbosacral soft tissue injuries. One instance (case 3) had a
severe industrial crush injury to the pelvis. In another instance of SSI
(case 9), a Morel-Lavallée internal soft tissue degloving injury was
present. We do believe that these severe forms of soft tissue injury may
be another reason for our high infection rate.

5. Conclusion

TSF can frequently be associated with SCE dysfunction and inconti-
nence of B&B. It is unclear if surgery is superior to conservative treat-
ment. In our experience of clinical SCE dysfunction or significant sacral
canal compromise acute direct sacral laminectomy with direct repair of
torn sacral nerve roots has resulted in good B&B function in every pa-
tient on follow up. This was based entirely on the subjective patient
assessment. Therefore, we believe that direct surgical decompression is a
reasonable therapy option acutely applied in this patient population. Its
associated significant wound infection rate may be lowered by applying
the treatment after the first week of trauma.
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