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ABSTRACT

U-type sacral fractures, accounting for 2%-5% of sacral fractures, typically result from falls. In this single-case technical note, a U-type
sacral fracture from a motor vehicle crash treated with a novel fixation technique avoiding lumbosacral extension is reported. A 59-year-
old female with a Roy-Camille type-2 U-type sacral fracture and multiple long-bone injuries, without neurological deficit, was transferred
to the university-affiliated center. Despite a severe sacral fracture, she exhibited no neurological deficits. Surgery began supine to address
a distal femur fracture; then the patient was repositioned prone for sacral fixation under general anesthesia. A midline incision between
S1 and S3 revealed the posterior elements. Under fluoroscopy, bilateral S1 pedicle screws were placed, followed by S3-iliac screws.
Bilateral titanium rods were applied, and distraction reduced the sacral fracture. S2-iliac screws were added, functioning as iliosacral
stabilization. A pre-contoured rod connected the bilateral S2 screws, and tightening achieved definitive fixation. Sagittal alignment of the
sacrum was improved by nearly 10°, from 130° preoperative to 140° postoperative. The patient mobilized by sitting on the first postopera-
tive day without loss of reduction. This method, suitable for U-type sacral fractures, avoids lumbopelvic fixation and fusion, but further
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studies are warranted. The technique described may provide an alternative to traditional lumbopelvic constructs.

Introduction

Isolated U or H-type fractures, constituting 2%-5% of
sacral fractures, often result from high-energy trauma,
falls, or sportsrelated accidents.” While modern com-
puted tomography (CT) imaging allows straightforward
diagnosis, U-type fractures remain challenging to man-
age due to the complex fracture pattern, spinopelvic
instability, and associated sacral kyphotic deformity.
Lumbopelvic fixation is currently recognized as a pri-
mary surgical technique; however, the proximal con-
struct typically ends at L4 or L5, potentially affecting
lumbosacral junction mobility.>* This construct provides
lever-arm stability by temporarily bridging the lumbosa-
cral junction without formal L5-S1 fusion; motion can
be restored after elective implant removal once union is
confirmed.** However, pedicle screw insertion carries
a risk of facet joint violation and subsequent arthrosis.®

The facet joints at L5-S1 are typically spared in these
fractures, as the fracture usually occurs in the sacral
ala. No consensus exists on the appropriate proximal
endpoint, especially considering potential L5-S1 facet
disruption. Both traditional iliac screws and S2-alar-
iliac (S2AI) screws provide sufficient distal fixation.*”
This report introduces a novel sacropelvic fixation
technique for U-type sacral fractures that preserves
lumbosacral junction motion.

Case presentation

Written informed consent was obtained from the
patient. A 59-year-old female multi-trauma patient

with a Roy-Camille type 2, U-type unstable sacral frac-
ture (Association for Osteosynthesis (AO) type C3) was
admitted to the hospital from an external center after
the injury following a motor vehicle accident. The
patient had several accompanying fractures: meta-
carpal fractures in both hands; metatarsal fractures
in both feet; bilateral distal radius fractures; bilateral
tibial plafond fractures; and a distal femur fracture on
the right side. Definitive fixation of the bilateral tibial
plafond fractures and the bilateral metatarsal fractures
was performed on post-injury days sixth day. The ini-
tial phase of surgical treatment, addressing the distal
femur and sacral fractures, was scheduled for the
eighth day after injury. Injury Severity Score was 24.
She had no neurological deficit. Preoperative 3-dimen-
sional CT images of the patient are shown in Figure 1.

Surgical technique

The patient was positioned prone on a standard radio-
lucent operating table. Under general anesthesia, a
midline incision was made between the S1 and S3 ver-
tebrae, and the paravertebral muscles were subperios-
teally dissected using electrocautery. Initially, 7.5-mm
titanium S1 pedicle screws (Tasarimmed, istanbul,
Tiirkiye) were inserted bilaterally, with care taken
to avoid facet joint violation. Following this, 7.5-mm
S3-Al (S3AI) screws were positioned bilaterally at the
inner aspect of the posterior inferior iliac spine under
fluoroscopic guidance.

Following screw insertion, 6.5-mm titanium rods
were positioned bilaterally between the S1 and S3AI
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Figure 1. Preoperative 3-dimensional computed tomography images.

screws. Distraction was applied using distraction devices to mobilize
the fracture fragments and create space at the fracture site through
ligamentotaxis. The primary reduction mechanism involves the S1
pedicle screws serving as a superior fulcrum while the S3AI screws
act as inferior lever arms. By applying controlled posterior transla-
tion and extension forces through the rod system, the sacral kyphotic
deformity was addressed. During distraction, rotational alignment
was maintained by ensuring bilateral symmetric rod placement and
equal distraction forces. The S2AI screws, inserted after initial reduc-
tion, provide additional rotational stability by functioning as iliosa-
cral stabilization. Intraoperative fluoroscopy in both anteroposterior
and lateral views confirmed maintenance of coronal and sagittal
alignment. It is important to note that anatomic reduction was not
achieved and should not be expected with this technique.

Upon achieving satisfactory reduction of both the fracture and
kyphosis, the bilateral titanium rods were secured using locking
screws. Finally, bilateral S2AI screws were inserted. These screws
reinforce the fixation and function as iliosacral screws. The bilateral
S2AI screws were then interconnected and secured using a pre-con-
toured 6.5-mm rod along the axial plane. This transverse rod provides
rotational stability by connecting the bilateral triangular constructs,
functions as traditional iliosacral stabilization, preventing vertical
shear displacement, and creates a rigid quadrilateral frame that

Figure 2. Postoperative X-ray images of the final construct.

resists multiplanar deformity forces. The final construct consisted of
bilateral triangular fixation connected by a transverse rod, as shown
in Figures 2 and 3.

Preoperative CT assessment is crucial to evaluate sacropelvic anat-
omy. The S3-alar-iliac screw requires adequate bone stock in both
the S3 sacral body and the posterior ilium. In patients with anatomi-
cal variations showing insufficient iliac bone mass at the S3 level or
narrow sacral corridors, alternative fixation strategies such as S2AI
screws alone may be necessary. The trajectory of S3 screws is more
cranially directed compared to S2 screws, requiring careful fluoro-
scopic guidance.

During the postoperative follow-up, prolonged wound drainage per-
sisted until the tenth day, raising concern for a postoperative seroma
versus low-grade surgical site infection and prompting operative irri-
gation and debridement. However, wound cultures did not reveal any
bacteria. Subsequently, debridement was performed, and the wound
was managed using negative pressure wound therapy (Prevena, 3M
Health Care, San Antonio, TX) at 3-day intervals. Empirical antibi-
otic therapy, consisting of intravenous ampicillin-sulbactam at a
dosage of 4 x 2 g, was administered until the wound biopsy cultures
obtained in debridement yielded negative results. Following the nega-
tive pressure wound therapy, no further drainage was observed, and
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Figure 3. Pre and postoperative computed tomography (CT) images of the final construct. Preoperative sacral kyphotic angle measured on lateral CT, which improved

postoperatively (710° correction).

complete wound healing was achieved by the fourteenth day after
debridement.

Postoperative protocol

Early mobilization began on the first postoperative day, with assis-
tance provided to help the patient into a sitting position. Bed mobil-
ity exercises were performed as tolerated, considering the other
fractures requiring weight-bearing restrictions for 6 weeks. Partial
weight-bearing using assistive devices became possible after the sixth
postoperative week. By the end of the second postoperative month,
the patient was able to ambulate with full weight-bearing without
pain. Radiographic assessment demonstrated maintenance of sagit-
tal alignment, with sacral kyphosis measuring 130.4° preoperatively
and 139.9° postoperatively (Figure 3). The EuroQol-Visual Analog
Scale score was 90. Radiographic union was achieved, as shown
in Figure 4. Elective implant removal was performed at 12 months
postoperatively, after radiographic union was confirmed, to restore
lumbosacral motion and improve patient comfort, as she experienced

minor irritation when lying supine. Clinical and radiographic follow-
up continued for 12 months after implant removal (24 months total
from surgery), with the patient remaining asymptomatic.

Discussion

U-type sacral fractures represent a challenging subset of sacral inju-
ries, characterized by bilateral vertical fracture lines through the
sacral ala combined with a transverse component, resulting in sig-
nificant spinopelvic instability and potential sacral kyphotic defor-
mity.> Traditional treatment approaches for these fractures have
relied on lumbopelvic fixation extending to L4 or L5, which provides
stability but sacrifices lumbosacral junction mobility. Including the
transition zone (lower lumbar spine) into the lumbopelvic fixation
is often used when there are concerns about the biomechanical
stability of the construct, and it may decrease the risk of proximal
junctional kyphosis.® However, it does come with potential down-
sides such as loss of mobility, increased risk of adjacent segment
disease, extended surgical time and increased blood loss, increased

Figure 4. Postoperative computed tomography images showing union.
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postoperative pain and recovery time, potential for non-union, and
increased cost.*"!

Previous literature suggests that many minimally displaced sacral
fractures can be effectively treated with iliosacral screws.*'* While
a standard iliosacral screw fixation may provide stable fixation for
sacral fractures such as zone 1, 2, or 3 in the Denis classification, it
may not be adequate for achieving stability and deformity correction
in a patient with U or H-type unstable sacrum fractures. Additionally,
the iliosacral screw does not offer as stable a construct as triangular
reconstruction.”

Triangle fixation is a surgical technique used to stabilize U-type
sacral fractures, providing biomechanical stability by using 2 ilio-
sacral screws and a transiliac-transsacral screw. The configuration
forms a triangular pattern, which has been shown to offer improved
stability over the traditional 2-screw fixation, especially in vertically
unstable sacral fractures.*'*** The novel triangle fixation technique
offers a promising alternative by achieving stable 3-plane fixation
while preserving motion at the lumbosacral junction. Additionally,
Peng et al” showed that bilateral triangular fixation had the best sta-
bility. They also concluded that transsacral-transiliac S1 screw fixa-
tion is the optimal solution for U-type fractures.”

In contrast to traditional approaches, the current technique pre-
serves the L5-S1 facet joints by terminating fixation at S1, eliminat-
ing the need for fusion. A distinction must be made regarding fusion
requirements in spinopelvic fixation. When instrumentation extends
to L5 with facet joint violation, fusion becomes necessary to prevent
implant failure and chronic pain from facet arthrosis or pseudar-
throsis.® In contrast, the current technique preserves the L5-S1 facet
joints by terminating fixation at S1, eliminating the need for fusion.
Moreover, healing relies on secondary bone healing of the sacral
fracture, and implants can be electively removed after radiographic
union, as performed in this case. Studies demonstrate that after L4-S1
fusion, increased proximal segment loading during sitting may cause
patient discomfort and potentially lead to junctional breakdown over
time."'” Preserving motion at the lumbosacral junction may improve
patient comfort during activities of daily living and decrease the need
for adjacent-level surgery. This approach provides biomechanical
stability and offers the potential for improved patient outcomes and
reduced complications compared to other fixation methods.”*®

Another consideration in U-type fracture management is sacral dys-
morphism, which can make insertion of S1 transsacral-transiliac
screws technically challenging due to narrowed or asymmetric sacral
anatomy. This study was able to utilize S1 pedicle screws while main-
taining construct stability.” Another technical aspect is distraction.
The use of distraction and achieving proper reduction is a difficult
task. Sagi et al* suggested that distraction should not be used along
the spinopelvic rod, and due to the commonly accompanying injury
of the L5-S1 facet joint, distraction may result in tilting of the L5 ver-
tebral body in the coronal plane. However, a recent study from Saiz
et al** described using direct distraction for U and H-type fractures.

This method is most suitable for Roy-Camille type 2-3 U-type sacral
fractures (AO type A3 and C3) with preserved L5-S1 facet joints (Isler
Type 1-2). The technique is contraindicated in Roy-Camille type 4
fractures with severe comminution, Isler Type 3 fractures with facet
joint disruption causing lumbopelvic dissociation (requiring L5 inclu-
sion), and fractures with S1 pedicle involvement. Additionally, ade-
quate bone stock at S1 and S3 levels is essential. Sacral dysmorphism

may limit S3-alar-iliac screw placement in some patients, requiring
careful preoperative CT evaluation of sacral anatomy. A critical pre-
requisite is intact S1 pedicles with adequate bone stock for screw fix-
ation. In U-type fractures, the vertical fracture lines typically extend
through the sacral ala lateral to the pedicle, preserving pedicle integ-
rity. When S1 pedicle fractures occur, this technique is contraindi-
cated, and lumbopelvic fixation extending to L5 is required.

The postoperative wound course in this case merits discussion in
the context of surgical approach considerations. Persistent serosan-
guinous drainage following posterior sacral surgery may represent
a sterile seroma related to the extensive soft-tissue dissection and
dead space, or alternatively a low-grade surgical site infection. In the
current patient, negative aerobic and anaerobic cultures supported a
non-infectious etiology; nonetheless, empiric antibiotic coverage and
operative debridement were pursued given the presence of implanted
hardware. Surgeons adopting this technique should be aware of the
potential for wound complications inherent to midline posterior
sacral approaches and should have a low threshold for intervention.

This study has several limitations. First, as a single-case techni-
cal note, no generalizable conclusions can be drawn regarding the
efficacy or superiority of this construct compared with established
lumbopelvic fixation techniques. The favorable radiographic and
clinical outcome observed in this patient may not be reproducible
across different fracture morphologies, patient demographics, or
injury severities. Second, the follow-up period is limited, and long-
term outcomes, including potential late complications, adjacent seg-
ment degeneration, or recurrent deformity, remain unknown. Third,
biomechanical data comparing this S1-S3AI-S2AI construct with
conventional spinopelvic fixation are lacking. Finally, the postopera-
tive wound complication, although ultimately resolved, underscores
the need for careful patient selection and meticulous soft-tissue han-
dling. Prospective comparative studies and biomechanical analyses
are needed to validate this technique.

In conclusion, S1-pedicle-based triangle fixation represents a viable
alternative to traditional lumbopelvic constructs for managing U-type
sacral fractures. This technique achieves satisfactory reduction and
3-plane stability while preserving the L5-S1 facet joints and lumbo-
sacral motion. Although the study’s early results are promising, mul-
ticenter studies with larger cohorts are necessary to establish the
efficacy of this fixation method.
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