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Abstract

Purpose To delineate the changes in functional outcomes of surgically treated U-shaped sacral fractures.

Methods Forty-one patients with U-shaped sacral fractures were followed for a mean of 4.1 years after surgery. Impairment
of lower extremities was assessed via a modified Gibbons score. Urinary function was assessed with a structured interview
and residual urine volume. Sexual and bowel functions, as well as patient-reported health, were evaluated using a structured
interview, and pain was evaluated with the visual analog scale. Comparisons of data at different time points were conducted
with a mixed model, and Z-scores of the SF-36 questionnaire were calculated.

Results Forty patients reported pain at 1 year and demonstrated no change at 2 years (p=0.24). Thirty-six of 39 eligible
patients had neurological deficits involving the lower extremities at baseline and demonstrated improvement at 1 year
(»=0.0002) but not between years 1 and 2 (p=0.47). Twenty-three of 38 eligible patients had impaired bladder function,
and 13 of 35 eligible patients had impaired bowel function at 3 months. Urinary function was worse at 2 years than at 1 year
(»=0.02). Sexual dysfunction was common, and patient-reported health was significantly worse than that of the normal
population.

Conclusions Neurological function in the lower extremities of patients with U-shaped sacral fractures improved after surgery;
however, bowel and sexual functions did not change, and urinary function deteriorated over time. The majority of impair-
ments appear to be permanent if still present at 1 year after surgery.

Graphical abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points Take Home Messages

1. U-shaped sacral fractures

. Although all U-shaped sacral fractures were united following surgery,
2. Functional outcome impairments of lower extremity, urinary bladder, bowel, and sexual
function were still common at 1 year or even 2 years after injury.

3. Neurological deficits
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Neurological function in the lower extremities was significantly improved

4. Patient-reported health at 1 year after surgery.

5. Surgical treatment

The majority of impairments appear to be permanent if still present at 1
year after surgery, and urinary function may even deteriorate over time.
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4. U-shaped sacral fractures can also cause psychological damage.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/ 10. lOQ7/§0058§—019—05900—x? contains U-shaped sacral fractures result from high-energy trauma
supplementary material, which is available to authorized users. with an axial load through the sacrum and are characterized

by multiplanar instability of the lumbopelvis. Hallmarks

Extended author information available on the last page of the article
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include vertical and transverse fracture lines that form a U-,
H-, T-, or Y-shaped pattern (comprising four variations in
U-shaped sacral fractures) (Supplementary Figure 1) [1].
The relationship between the proximal and distal sacral
fragments has been classified by Roy-Camille and revised
by others (Fig. 1a—f) [2—4]. U-shaped sacral fractures fre-
quently cause neurological deficits due to center canal occlu-
sion (Fig. 2a) and intraforaminal osseous fragments (Fig. 2b)
[5]. Because U-shaped sacral fractures are highly unstable,
without surgical treatment, nonunion (Fig. 3a, b) and mal-
union (Fig. 3c, d) of the fractures may develop and result
in progressive neurological dysfunction [5]. Furthermore,
patients with U-shaped sacral fractures are often polytrau-
matized, and thus, an operative intervention that permits
early mobilization may reduce mortality and improve the
quality of life [6].

Fig.2 Images showing the neurological damage caused by center
canal occlusion (a) and intraforaminal osseous fragments (b)

Fig.1 Images showing the modified Roy-Camille classification,
with type I as a flexion fracture without translational displacement
(a); type Ila as a flexion fracture with partial posterior displacement
of the upper fragment (b); type IIb as a flexion fracture with com-
plete posteroinferior displacement of the upper fragment (c); type

IIa as an extension fracture with partial anterior displacement of the
upper fragment (d); type IIla as an extension fracture with complete
anteroinferior displacement of the upper fragment (e); and type IV
as a complete comminution of the upper sacrum (f). The locations of
transverse fracture are indicated by the white arrows
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Fig.3 Images showing the
nonunion of a U-shaped sacral
fracture (a, b) and the malunion
of a T-shaped sacral fracture
(c.d)

U-shaped sacral fractures are rare, and the patient popula-
tion documented in the literature is small [5, 7-9]; conse-
quently, little information is available on the detailed func-
tional outcomes of these injuries after surgical treatment,
such as neurological sequelae, voiding, bowel and sexual
functions, residual pain, and patient-reported health [5, 7].
Therefore, the aim of this study was to delineate the changes
in the functional outcomes of surgically treated U-shaped
sacral fractures by analyzing the functional outcomes at dif-
ferent time points.

Materials and methods

Between December 2005 and November 2015, 49 consecu-
tive patients with U-shaped sacral fractures were admitted
to our trauma center and diagnosed through pelvic radio-
graphs (anteroposterior (AP), inlet, and outlet projections),
CT scans, and, if available, an additional three-dimensional
reconstruction. Five patients were excluded because of non-
operative treatment, two patients were excluded because of
an insufficient duration of follow-up, and one patient was
lost to follow-up. No patients were excluded because of low-
energy insufficiency fractures or osteoporotic fractures. The
remaining 41 patients were available for a mean follow-up
of 4.1 years (range 2—10 years) (Table 1) (Supplementary
Table 1). Written informed consent was obtained from all
participants and was approved by the institutional review
board of our institution.
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Table 1 Patient demographics and injury characteristics

Variable N=41 %
Demographics
Age in years (mean + SD) 37.0+£11.3
Gender: men/women 26/15
Injury severity score (mean + SD) 22.2+46.5
Follow-up in years (mean+ SD) 4.1+2.1
Mechanism of injury
Fall from height (12 suicides) 27 65.9
Motor vehicle accident 11 26.8
Other 3 7.3

Function assessment

All patients were independently examined by 2 physi-
cians who were not involved in the initial treatment, and
all patients underwent a structured interview to address
neurological function as described below. The clinical
assessment focused on only lumbar and sacral nerve root
injuries. At follow-up, patient-reported health was meas-
ured by the 36-item Short-Form Health Survey (SF-36)
[10], and pain was measured by the visual analog scale
(VAS) [7]. Problems associated with sexual function were
assessed with the Female Sexual Function Index (FSFI)
in female patients and the International Index of Erectile
Function-5 (IIEF-5) questionnaire in male patients based
on the sexual activity during the previous 4 weeks [11,
12].
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A modified Gibbons score was applied to specifically
assess neurological deficits in the lower extremities as fol-
lows [13]: grade I, normal; grade II, sensory changes only;
grade III, combined sensory and motor deficits; and grade
IV, complete loss of neurological function.

Bladder dysfunction was assessed by a questionnaire
concerning hesitation, urgency, frequency, and incontinence
[13]. In addition, bladder dysfunction was graded accord-
ing to the postmicturition volume as assessed by ultrasound
within 10 min after bladder emptying as follows: grade I,
normal (same as before injury); grade II, slightly changed
voiding pattern with less than 50 mL of residual urine; grade
III, significantly changed voiding pattern with more than
50 mL of residual urine or with incontinence; and grade IV,
no volitional voiding.

Bowel function was graded according to the question-
naire as follows [13]: grade I, normal (same as before
injury); grade II, change in frequency or need for laxatives;
and grade III, incontinence and/or need for enemas or even
colostomy.

Surgical management

Surgical management was based on fracture stability, neuro-
logical status, and medical condition (Table 2). Bilateral less
invasive lumbopelvic fixation was conducted in patients with
a displacement less than 1 cm and no neurological symptoms
[14, 15], whereas patients with noticeably displaced frac-
tures or radiological signs of neurological injuries on a CT
scan and/or magnetic resonance imaging (MRI) underwent
open reduction and decompression [16, 17]. Briefly, with
the patient lying prone, a midline incision was made from
L4 to S4. After exposure of the lumbar transverse processes,
sacral ala, and posterior superior iliac spines (PSISs), pedi-
cle screws were placed into the L4 and/or L5 pedicles and
both iliac bones under fluoroscopic control. Direct decom-
pression was achieved through laminectomy (expanded as
necessary to decompress the dural sac) and foraminotomy
(to decompress the sacral roots to their foraminal exit). Con-
sequently, the nerve roots maintained a loose status during
reduction. Reduction and fixation were performed accord-
ing to the method described by Schildhauer et al. [18]. All
patients received deep vein thrombosis prophylaxis in addi-
tion to perioperative antibiotics.

Statistical analysis

GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA)
and SAS (SAS institute Inc., North Carolina, USA) were
used for statistical analyses. The mixed model, which incor-
porates a time variable, was used to compare follow-up data
at different time points. Z-scores of all eight domains of
the SF-36 questionnaire were calculated using age- and
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Table 2 Fracture characteristics
Variable N=41 %
Variations in U-shaped sacral fracture
U-shaped 16 39.0
H-shaped 13 31.7
T-shaped 9 22.0
Y-shaped 3 7.3
Modified Roy-Camille classification
Type I 2 4.9
Type Ila 9 22.0
Type IIb 5 12.2
Type Illa 10 244
Type I1Ib 8 19.5
Type IV 7 17.1
Transverse sacral fracture level
S1-S2 8 19.5
S2-S3 23 56.1
S3-S4 3 7.3
S4-S5 3 7.3
S1-S2+4S4-S5 1 24
S2-S3+4S4-S5 1 24
Comminuted 2 4.9
Associated thoracolumbar spine fractures
With evidence of neurological damage® 9 22.0
Without evidence of neurological damage 14 34.1

*Neurological injuries were confirmed by radiological signs on the
CT scan and/or MRI

sex-adjusted norm-based scores for the general Chinese
population in mainland China [19]. p < 0.05 was considered
statistically significant.

Results
Baseline characteristics of the injury

All 41 patients were treated with internal fixation
(Fig. 4a—d); of these patients, 37 (90%) were treated with
direct decompression (Table 3) (Supplementary Table 1).
Thirty-one of 41 (76%) patients suffered severe associated
injuries. Four patients presented fractures to the skull com-
bined with an epidural hematoma and/or subdural hema-
toma. Thoracic injuries consisted of rib fractures and/or
sternal fractures (N=35), pneumothorax (N = 1), hemopneu-
mothorax (N=2), and lung contusion (N=2). Two patients
suffered a spleen laceration, and one patient suffered a blad-
der laceration. Four patients showed fractures of the upper
extremities, including humeral fractures (N=2) and radial
and/or ulnar fractures (N=2). Seven patients had an acetabu-
lar fracture. Eleven patients showed fractures of the lower
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Fig.4 A 29-year-old female
with a U-shaped sacral fracture.
Preoperative three-dimensional
reconstruction CT scan of the
AP view (a) and posteroante-
rior (PA) view (b). AP pelvic
radiograph (c) showing that the
multiplanar fracture has been
fixed by lumbopelvic fixation.
AP pelvic radiograph showing
that the fracture was healed at
2 years after surgery (d)

Table 3 Surgery details

Variable N=41 %
Decompression
Laminectomy 25 61.0
Laminectomy + foraminotomy 12 29.3
No direct decompression 4 9.8
Fixation method
Lumbopelvic fixation 33 80.5
Triangular osteosynthesis 8 19.5
Additional anterior plating 18 43.9

extremities, including femoral fractures (N=4), tibial and/or
fibular fractures (N=4), and calcaneal fractures (N=7, with
2 bilateral). Thirty-nine patients suffered pubic fractures, of
which fifteen were bilateral. The remaining two patients had
pubic symphysis diastasis.

In some of the patients, a poor general condition pre-
cluded an early comprehensive assessment. However, dur-
ing a secondary survey in the course of the hospital stay, all
patients underwent complete neurological evaluation, and
the results were regarded as baseline characteristics. Thirty-
six of 39 (92%) eligible patients had neurological deficits in
the lower extremities (Fig. 5) (Supplementary Table 2). In
28 patients, the neurological deficits in the lower extremities
could be ascribed to an injury to the sacrum (Table 2). Blad-
der and bowel functions were assessed at 3 months, as those
assessments were not feasible at the time of injury. Twenty-
three of 38 (61%) eligible patients had impaired bladder
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function (Fig. 6), and 13 of 35 (37%) eligible patients had
impaired bowel function (Fig. 7). All but 2 patients demon-
strated fracture union on a CT scan at 6 months; however,
subsequent CT scans at 9 months revealed that the fractures
of those 2 patients had healed.

Results at the 1-year follow-up

Comparison of the baseline and 1-year follow-up data
revealed that neurological function in the lower extremity
remained unchanged in 25 (64%) patients and deteriorated
in 1 (3%) patient. However, in 13 (33%) patients, neuro-
logical function in the lower extremity improved. The over-
all improvement was statistically significant (p =0.0002)
(Fig. 5). Twenty-seven of 39 (69%) patients were ambulant
without walking aids. However, six patients were unable to
run because of pain or decreased muscle strength.
Comparison of the 1-year follow-up data to the 3-month
follow-up data showed that out of 38 eligible patients, 24
(63%) patients exhibited unchanged bladder function. Blad-
der function was fully recovered in five (13%) patients,
and one (3%) patient who initially had grade IV function
improved to grade III function. Eight (21%) patients suf-
fered bladder function deterioration (Fig. 6). However, the
changes were not statistically significant (p =0.83).
Twenty-three (66%) patients had unchanged bowel func-
tion at the 1-year follow-up compared to the 3-month follow-
up. One (3%) out of four patients with grade III function
improved to grade II function, and six (17%) out of nine
patients with grade II function were completely recovered
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Fig.5 Changes in neurological
function in the lower extremi-
ties from baseline to the 2-year
follow-up. Each line represents
a single patient (N=39)

Fig.6 Changes in urinary
function from the 3-month

to the 2-year follow-up. Each
line represents a single patient
(N=38)
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Fig.7 Changes in bowel func-
tion from the 3-month to the
2-year follow-up. Each line

represents a patient (N=35) el

Grade |
Normal bowel
pattern

Grade Il
Altered frequency
or need for laxatives|

Grade Il
Incontinence and/or
need for enemas

or colostomy

at the 1-year follow-up. Six (17%) patients with initially
normal bowel function deteriorated to grade II function
(Fig. 7). However, the changes were not statistically signifi-
cant (p=0.78).

Thirty-five of 41 (85%) patients were sexually active, but
only 22 patients (15 male, 7 female) completed the IIEF-5
or FSFI questionnaire. Two female patients reported sex-
ual dysfunction associated with decreased lubrication and
altered self-image (Fig. 8). Nine male patients reported
a different degree of erectile dysfunction (IIEF-5<22)
(Fig. 8) (Supplementary Table 3). All but one (40/41) patient
reported pain on the VAS, with an average VAS score of
4.9 (range 1-8). The overall patient-reported health scores
were significantly lower than those of the normal population
(Fig. 9), except in the GH (general health) and MH (mental
health) domains (Fig. 9) (Supplementary Table 4). However,
eight patients were able to return to school or the workplace
1 year after the operation.

111111
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Results at the 2-year follow-up

All patients, except one, reported pain at 1 year and dem-
onstrated no statistically significant change at 2 years
(p=0.24). Neurological function in the lower extremity
was improved at 2 years compared to baseline (p <0.0001);
however, the changes between the 1- and 2-year time
points were not statistically significant (p =0.47) (Fig. 5).
Urinary function had deteriorated at 2 years compared
to that at 1 year (p =0.02) or that at 3 months (p =0.04)
(Fig. 6). The alterations in bowel function (Fig. 7), sexual
function (Fig. 8), pain, and patient-reported health (Fig. 9)
were not statistically significant.

Fig. 8 Changes in sexual 30+ A Male patient 40~ O Female patient
function from the 1-year to
the 2-year follow-up. Sexual
function was assessed with the 301
IIEF-5 in male patients (N= 15) o 204 B
and the FSFI in female patients u & 20
(N=T7) w w
10
10
0 T T G T T
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Fig.9 Z-scores of all eight domains of the SF-36 questionnaire for
the 1-year and 2-year follow-ups (N=36). The O-line represents the
age- and sex-adjusted norm-based scores for the general Chinese pop-
ulation in mainland China. The number by the outliers represents the
corresponding patient. PF physical functioning, RP role physical, BP
bodily pain, GH general health, VT vitality, SF social functioning, RE
role emotional, MH mental health

Discussion

Because of the relative heterogeneity and rarity of U-shaped
sacral fractures, little evidence is available for the develop-
ment of a standardized treatment. In recent years, opera-
tive treatment has been reported to facilitate early mobi-
lization and potentially improve the quality of life [1]. For
this reason, we included only surgically treated patients in
this study. The applied fixation methods have similar bio-
mechanical properties and are capable of providing mul-
tiplanar stability, which allows early full weight bearing
postoperatively. In addition, all surgeries were performed
by the senior author, and nearly all patients were treated with
direct decompression. Therefore, the management methods
we adopted were relatively homogeneous.

Clinical examination alone is insufficient to determine
the status of urinary bladder function [20]; thus, we evalu-
ated the residual urine volume, as it can be objectively and
practically measured with ultrasound. The urodynamic test
was not adopted because it was not initially available at our
trauma center. We also applied a modified Gibbons score to
evaluate neurological function in the lower extremities [13].
Although the Gibbons score fails to effectively distinguish
partial from complete neurological recovery, better substitu-
tions are currently not available.

The majority of patients had neurological deficits in
the lower extremities at baseline but achieved a statisti-
cally significant improvement at 1 year, which may indi-
cate a positive effect of fracture stabilization and decom-
pression. The improvements between the 1- and 2-year
follow-ups were not statistically significant, indicating

the poor rewiring ability of the impaired nervous sys-
tem [21]. Notably, in accordance with a previous study
[13], urinary function deteriorated in 9 patients between
the 1- and 2-year follow-ups. Because 5 of the patients
had incomplete bladder emptying at 1 year, the second-
ary deterioration may have been due to bladder distention.
However, the cause of deterioration in 4 patients with pre-
viously normal bladder function may have been the fre-
quently delayed urination caused by decreased mobility,
as 3 of those patients had impaired neurological function
in the lower extremities, and 1 patient was disabled. We
observed that a considerable portion of patients showed
bowel dysfunction. The causes of bowel dysfunction are
assumed to be multifactorial, and future studies are needed
to elucidate the connection between bowel dysfunction and
sacral fractures [22].

The interpretation of neurological prognosis remains
controversial, as some studies have shown partial or even
complete neurological recovery without decompression [23].
The variation in neurological recovery may reflect the differ-
ent types of nerve lesions acquired at the time of injury [24].
However, confirmation of the type of nerve lesion at the
time of injury was not feasible. In our experience, because
neurological injuries are largely irreversible and the time
window of neurological treatment is small, internal fixation
and decompression are beneficial to patients at high risk
of neurological impairment if the general condition of the
patient permits those procedures.

Chronic pain following injury was common in the pre-
sent study, indicating that pain management is impor-
tant. Because all fractures of the sacrum were radiologi-
cally united, other factors clearly contributed to the pain.
Although posttraumatic kyphotic spine deformity may have
been a contributor to lumbosacral pain, a previous study
showed that kyphotic angulation is not correlated with VAS
pain [7]; thus, further studies are required to determine the
mechanism of residual lumbosacral pain. Lumbosacral pain
during intercourse may contribute to sexual dysfunction, as
the 11 (11/22) patients who reported sexual dysfunction had
a high mean VAS score of 5.8 points. Further analysis of the
psychosocial aspects of sexual dysfunction was beyond the
scope of this study.

Sabiston subdivided the sacral transverse fractures into
upper (S1/52-S2/83) and lower (S3/S4-S4/S5) segment
fractures at the level of the sacroiliac joint and reported that
only 1 in 11 patients who sustained lower segment fractures
developed a neurological deficit; meanwhile, 5 of 5 patients
with upper segment fractures developed neurological deficits
[25]. In this study, 33 of 35 patients who sustained upper
segment fractures developed a neurological deficit. Interest-
ingly, 5 of 6 patients who sustained lower segment fractures
also developed a neurological deficit, and notably, 3 of these
6 patients had a concomitant lumbar fracture.
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Limitations

Due to the retrospective design, the subclass of neurologi-
cal statuses for all patients could not be determined at all
time points. Therefore, the patients eligible for subclass
comparison were usually fewer than 41. In addition, no
neurophysiological tests were used to objectively docu-
ment the nerve injury, as these tests were not feasible in
the trauma setting. Another limitation is that the contribu-
tion of the sacral fracture to the functional outcome may
be difficult to interpret because of the associated injuries,
particularly thoracolumbar spine fractures.

Conclusions

Although all the sacral fractures were united at follow-up,
impairments of lower extremity, urinary bladder, bowel,
and sexual function remained common at 1 year or even
2 years after injury. The overall neurological function in
the lower extremities significantly improved, as most of
the patients were able to ambulate without walking aids.
However, the majority of impairments appeared to be per-
manent if still present at 1 year after surgery, and urinary
function can even deteriorate over time. Furthermore,
data on the overall patient-reported health indicated that
U-shaped sacral fractures can cause both physiological
and psychological damages. Although the overall outcome
remains poor, we recommend surgical management when
indicated, as it can restore spinopelvic stability, allowing
early full weight bearing and potentially improving the
quality of life. However, future studies comparing opera-
tive versus nonoperative treatment are required to further
validate these results.
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