International Journal of Spine Surgery, Vol. 0, No. 0, 2026, pp. 1-7
https://doi.org/10.14444/8962
© International Society for the Advancement of Spine Surgery

Minimally Invasive Inline Spinopelvic Fixation Without
Offset Connectors for Unstable Sacral Fractures:
Technical Description and Preliminary Clinical Experience

KENJI UDA, PhD, MD"?; TAKAYUKI AWAYA, MD, PhD'; TAKASHI ABE, MD'; SHUSUKE NAKAO, MD';
TOMOTAKA IWAKOSHI, MD'; HINAKO NAGAMATSU, MD'; KAZUKI ISHII, MD, PhD'; OSAMU SUZUKI, MD,
PhD'; YOSHITAKA NAGASHIMA, MD, PhD?* YUSUKE NISHIMURA, MD, PhD?; AND RYUTA SAITO, MD, PhD>

'Department of Neurosurgery, Nagoya Ekisaikai Hospital, Nagoya, Japan; *Department of Neurosurgery, Nagoya University Graduate School of Medicine, Nagoya,
Japan

KU, 0000-0002-9954-8708; " TA, 0000-0002-1273-1922;
0009-0005-7616-9333; HN, 0009-0000-9265-6696;
0001-9346-1663; "' YN, 0000-0001-9689-0586;

TA, 0009-0005-6069-5531;
Kl, 0009-0006-9581-6783;
RS, 0000-0002-2484-1360

SN, 0009-0009-0215-5720; "= TI,
0S, 0009-0007-7299-2992; "=/ YN, O000-

ABSTRACT

Background: Spinopelvic fixation (SPF) is widely used for unstable sacral fractures with spinopelvic dissociation;
however, conventional constructs often require complex implant configurations and extensive soft-tissue dissection. We
evaluated the feasibility and clinical outcomes of a minimally invasive SPF (MIS-SPF) technique using an inline construct
without offset connectors for the treatment of unstable sacral fractures.

Methods: The study included 5 consecutive patients with nonosteoporotic AO Spine Sacral Injury Classification Type C
fractures who underwent MIS-SPF using an inline construct between September 2024 and March 2026. The construct consisted
of lumbar pedicle screws connected to cranial iliac screws using bilateral longitudinal rods, whereas the caudal iliac screws were
directly connected using a transverse rod. Perioperative variables, clinical outcomes, radiographic bone union, neurological
recovery, and complications were retrospectively evaluated.

Results: The mean operative time was 200.2 + 87.5 minutes, and the mean estimated blood loss was 154.6 + 76.9 mL.
When limited to the L4—iliac SPF procedures, the mean operative time was 149.0 minutes. Four patients completed at least 12
months of follow-up. All achieved radiographic bony union and regained independent ambulation. The mean Gibbons score
improved from 3.3 + 0.5 preoperatively to 2.0 + 0.0 at final follow-up. No implant failure, surgical site infection, or revision

surgery was observed.
Conclusions:

In this preliminary case series, MIS-SPF using an inline construct without offset connectors was feasible

and demonstrated encouraging short-term clinical and radiographic outcomes. Further comparative and biomechanical studies
are warranted to clarify its role in the treatment of unstable sacral fractures.

Clinical Relevance: This technical report describes a simplified minimally invasive SPF technique using an inline
construct without offset connectors, which may facilitate surgical procedures while providing stable fixation for unstable sacral

fractures.
Level of Evidence: 4.

Minimally Invasive Surgery
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INTRODUCTION

AO Spine Sacral Fracture Classification includes
types A, B, and C based on fracture morphology and
instability, with type C representing the most unsta-
ble pattern characterized by loss of spinopelvic con-
tinuity.1 Specifically, C2 and C3 subtypes are highly
unstable injuries involving bilateral vertical fractures or
U-shaped sacral fractures and are commonly referred to
as “suicidal jumper’s fractures.” Because these injuries

are associated with both vertical and rotational insta-
bility, rigid fixation is generally required to facilitate
early mobilization and fracture healing.>* Spinopelvic
fixation (SPF) is widely used for C2/C3 sacral fractures
because it provides strong stabilization by connecting
the lumbar spine to the pelvis. However, conventional
SPF techniques often require extensive soft-tissue
dissection and complex implant constructs involving
crosslinks and offset connectors, which may increase
surgical invasiveness and wound-related complications.
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Inline Spinopelvic Fixation for Sacral Fractures

At our institution, we perform SPF using cannulated
pedicle screws and 4 iliac screws (2 on each side).
The cranial iliac screws are connected to the lumbar
pedicle screws. In contrast, the caudal iliac screws are
directly connected using a transverse rod, thereby cre-
ating an inline construct without offset connectors. This
technique simplifies the construct and achieves a low-
profile configuration while potentially improving surgi-
cal handling. In this study, we aimed to retrospectively
evaluate the clinical outcomes and feasibility of this
minimally invasive SPF (MIS-SPF) technique using an
inline construct for unstable sacral fractures.

METHODS

Between September 2024 and March 2026, 5 con-
secutive patients with nonosteoporotic unstable sacral
fractures classified as AO Spine Sacral Injury Classi-
fication Type C underwent SPF using this minimally
invasive inline construct at our institution. Patient
demographics (age, sex, injury mechanism, and AO
classification), perioperative factors (associated inju-
ries, concomitant vertebral body fractures, preoperative
transcatheter arterial embolization, temporary supra-
acetabular external fixation, fixation range, sacral
decompression, timing of surgery, operative time, and
blood loss), clinical outcomes (Gibbons score,4 time to
independent ambulation, and radiographic bone union),
and postoperative complications were retrospectively
reviewed. Radiographic bony union was defined as the
presence of bridging trabecular bone across the fracture
site on computed tomography along with the absence
of progressive displacement, implant loosening, or
implant failure. Perioperative outcomes were evaluated
in all patients, and long-term follow-up was assessed
in 4 patients with a minimum follow-up of 12 months.
Final follow-up neurological findings were compared
with those at initial presentation.

This study was approved by the Institutional Review
Board of our institution. The requirement for informed
consent was waived because of the retrospective nature
of the study.

Surgical Technique

Patients were positioned prone, and approximately
7 to 8 cm longitudinal skin incisions were made bilat-
erally. Under fluoroscopic teardrop-view guidance, 4
iliac screws (2 on each side) were first inserted. Can-
nulated pedicle screws were then inserted at L4 and
L5. The cranial iliac screws were connected to the
lumbar pedicle screws using bilateral longitudinal
rods, whereas the caudal iliac screws were directly
connected using a transverse rod to reinforce horizon-
tal pelvic and rotational stability. This configuration
created an inline construct without using offset connec-
tors (Figure 1). Fracture reduction was attempted using
patient positioning, manual traction or compression,
rod compression, and cantilever maneuvers, as deemed
appropriate. Fracture alignment was assessed intraop-
eratively using fluoroscopy before final rod tighten-
ing. Because these reduction maneuvers have inherent
limitations in severely displaced fractures, complete
anatomical reduction is not always achievable. When
satisfactory reduction could not be achieved, fixation
was performed in situ. Additional sacral decompression
was performed when persistent sacral canal compro-
mise was considered responsible for neural compres-
sion. To minimize implant prominence, the iliac screws
were inserted using a low-profile iliac screw trajectory,
similar to those described for the low-profile Sl1-iliac
trajectory’ and percutaneous modified iliac screw®
techniques. The entry point was positioned medial and
ventral to the posterior superior iliac spine prominence,
allowing a lower-profile construct without additional
bone removal around the screw entry site. A single

Figure 1. Surgical technique of minimally invasive spinopelvic fixation using an inline construct without offset connectors. (A) Bilateral longitudinal skin incisions
extending from the lateral aspect of the L4 pedicles to the superior aspect of the posterior superior iliac spine. (B) Under fluoroscopic teardrop-view guidance, 4
iliac screws (2 on each side) are inserted in a low-profile trajectory. (C) Cannulated pedicle screws are inserted at L4-L5. The cranial iliac screws are connected
to the lumbar pedicle screws using bilateral longitudinal rods, whereas the caudal iliac screws are directly connected using a transverse rod, thereby creating an
inline construct without offset connectors. Additional fixation can be added when concomitant vertebral fractures are present. (D) Postoperative anteroposterior

radiograph demonstrating the completed inline construct.
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Figure 2. Representative cases treated with minimally invasive spinopelvic fixation using the inline construct. Preoperative 3-dimensional computed tomography
images and postoperative radiographs of cases 1-5 are shown in panels A/B, C/D, E/F, G/H, and I/J, respectively. Case 3 underwent additional T12-L2 fixation for
a concomitant vertebral fracture, whereas case 4 required an extended T12-iliac construct with sacral decompression.

longitudinal incision connecting the lumbar and iliac
screw entry sites was used on each side to facilitate rod
handling and future implant removal.

Statistical Analysis

Descriptive statistics were used throughout. Contin-
uous variables are expressed as mean + SD with range.
Categorical data are presented as n. Given the small
sample size, no inferential statistics were applied.

RESULTS
Patient Demographics and Injury Characteristics

Five consecutive patients (I man and 4 women;
mean age, 22.8 + 5.0 years; range, 16-27 years) with
unstable sacral fractures underwent SPF at our insti-
tution. Representative preoperative and postoperative
images of all 5 cases are shown in Figure 2. All injuries
resulted from high-energy falls from height. According
to the AO Spine Sacral Injury Classification, 1 fracture
was classified as type C2 and 4 as type C3. Concomi-
tant vertebral body fractures were present in 2 patients.
According to the AO Spine Thoracolumbar Injury Clas-
sification System, these included an L1 A3 incomplete

burst fracture in case 3 and an L1 A1 fracture with an L2
A3 incomplete burst fracture in case 4. Anterior pelvic
ring injuries were identified in 3 patients. All patients
sustained associated lower-extremity injuries, including
bilateral calcaneal fractures in 3 patients. One patient
had a concomitant pneumothorax, and another had a
hepatic injury. Three patients required preoperative
transcatheter arterial embolization for pelvic hemor-
rhage control, and temporary supra-acetabular exter-
nal fixation was applied preoperatively in 2 patients.
Demographic and injury characteristics are summa-
rized in Table 1.

Surgical Procedure and Perioperative Course

SPF was performed at a mean of 9.6 + 3.8 days after
injury (range, 5-14 days). An SPF construct extend-
ing from L4 to the bilateral iliac wings was used in 3
patients. In case 3, additional T12-L2 posterior fixa-
tion using percutaneous pedicle screws was performed
in the same session to address a concomitant L1 burst
fracture. In case 4, which was complicated by an L1
Al fracture and an L2 A3 incomplete burst fracture,
the cranial extent of the construct was extended to T12,
resulting in a T12—iliac construct. Sacral decompression
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Table 1. Patient demographics and injury characteristics (N = 5). Table 3. Long-term outcomes in patients with follow-up >12 mo (N = 4).

Variable n Variable n

Age at injury, y, mean + SD (range) 22.8+5.0 Follow-up period, mo, mean + SD (range) 13.0 + 1.4 (12-15)

(16-27) Bony union at final follow-up 4

Sex, male/female 1/4 Time to independent ambulation, d, mean + SD 58.0 = 17.0 (36-75)

Mechanism of injury—fall from height 5 (range)

AO Spine sacral classification Gibbons score, preoperative, mean + SD 33+0.5
Type C2 1 Gibbons score, final follow-up, mean + SD 20+0.0
Type C3 4 Residual neurological deficit at final follow-up 2

Concomitant thoracolumbar vertebral fracture 2 Surgical site infection 0

Anterior pelvic ring injury 3 Implant failure or loss of reduction 0

Associated lower-extremity injury 5 Unplanned reoperation for any cause 0
Bilateral calcaneal fracture 3 Elective implant removal at last follow-up 3

Preoperative transcatheter arterial embolization 3

Preoperative temporary supra-acetabular external fixation 2 Note: Data reported as n unless otherwise indicated.

Abbreviation: AO, AO Spine Sacral Injury Classification.
Note: Data reported as n unless otherwise indicated.

was performed through a separate midline incision
because of fracture displacement compromising the
sacral canal. Since a midline approach had already been
established, a crosslink was additionally placed in this
early case. The operative times for the 5 cases were
158, 129, 205, 349, and 160 minutes, respectively, with
a mean operative time of 200.2 + 87.5 minutes (range,
129-349). When analysis was limited to the L4-iliac
SPF procedure, excluding the additional T12-L2 fix-
ation procedure in case 3 and the extended T12-iliac
construct in case 4, the operative times were 158, 129,
149, and 160 minutes, respectively, with a mean opera-
tive time of 149.0 minutes. The mean estimated intraop-
erative blood loss was 154.6 = 76.9 mL (range, 95-247
mL). No intraoperative complications, postoperative
neurological deterioration, or surgical site infections
were observed during the perioperative period. Oper-
ative details for each case are summarized in Table 2.

Long-Term Clinical and Radiographic Outcomes

Four patients (cases 1-4) completed a minimum fol-
low-up of 12 months and were included in the long-
term outcome analysis; the mean follow-up duration
was 13.0 = 1.4 months (range, 12—15 months). All 4
patients achieved radiographic bony union of the sacral
fracture and regained independent ambulation at a

Table 2. Operative details and perioperative outcomes of each case.

mean of 58.0 = 17.0 postoperative days (range, 36-75
days). The Gibbons score improved in every patient,
from a preoperative mean of 3.3 + 0.5 to 2.0 £ 0.0 at
final follow-up. Two patients retained partial neurolog-
ical deficits at final follow-up, including mild residual
ankle weakness and sensory disturbance in case 2 and
persistent left ankle paralysis with sensory disturbance
in case 3. No patient required revision surgery, and no
implant failure, loss of reduction, or pseudarthrosis was
observed during follow-up. Elective implant removal
was performed uneventfully in 3 patients (cases 2—4),
whereas the remaining patient (case 1) was scheduled
for implant removal at the time of analysis. Long-term
outcomes are summarized in Table 3.

DISCUSSION

In this study, MIS-SPF using an inline construct
without offset connectors was applied for nonosteopo-
rotic unstable sacral fractures caused by high-energy
trauma, resulting in favorable clinical and radio-
graphic outcomes. All patients achieved bony union
and regained independent ambulation without implant-
related complications, supporting the feasibility of this
technique in this preliminary case series, with encour-
aging early clinical and radiographic outcomes.

Spinopelvic dissociation is a severe injury character-
ized by both vertical and rotational instability. Without
appropriate treatment, progressive kyphotic deformity,

Concomitant
Vertebral Body Sacral Time to Operative Time, Blood Loss,
Case  Age/Sex AO type Fracture Fixation Construct Decompression  Surgery, d min mL Complications
1 26/F C2 — L4-iliac (SPF) No 5 158 95 None
2 26/M C3 — L4-iliac (SPF) No 9 129 101 None
3 27/F C3 L1 (A3) L4-iliac (SPF) No 13 205 247 None
+ T12-L2 PPS fixation (149 + 56)
4 19/F C3 L1 (A1); L2 (A3) T12-iliac (SPF) Yes (S3) 7 349 100 None
5 16/F C3 — L4-iliac (SPF) No 14 160 230 None

Abbreviations: AO, AO Spine Sacral Injury Classification; F, female; M, male; PPS, percutaneous pedicle screw; SPF, spinopelvic fixation.
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chronic pain, neurological impairment, and gait dys-
function may occur.” In particular, severe displacement
has been associated with worse neurological and func-
tional outcomes, and surgical stabilization is generally
recommended.’ Recently, favorable outcomes have also
been reported for less invasive fixation techniques con-
fined to the pelvis, including percutaneous iliosacral
screw fixation and transiliac transsacral screw (TITS)
fixation.®™!! However, some of these reports include fra-
gility fractures of the pelvis associated with low-energy
trauma or osteoporosis, which differ pathophysiologi-
cally from true spinopelvic dissociation.'* In contrast,
all patients in the present study had high-energy AO type
C2/C3 injuries with complete disruption of spinopelvic
continuity. In such highly unstable injuries, rigid stabi-
lization using SPF is often required.'*'* Although SPF
provides rigid stabilization, traditional open approaches
require extensive soft-tissue dissection and have been
associated with increased blood loss, wound infec-
tion, and soft-tissue complications. Schildhauer et al
reported a 16% infection rate following open SPE.'*'?
In addition, patients with spinopelvic dissociation fre-
quently sustain multiple associated injuries, including
spinal fractures, lower-extremity fractures, pelvic ring
injuries, and thoracoabdominal injuries.16 Furthermore,
patients with pelvic fractures requiring transcathe-
ter arterial embolization have been reported to be at
increased risk of gluteal necrosis and wound complica-
tions.'®17:18 Thus, MIS-SPF, which minimizes extensive
soft-tissue dissection, may be considered a useful treat-
ment strategy for these severely injured patients.
Recently, an increasing number of studies have
reported favorable outcomes for MIS-SPF, including
reduced blood loss and lower rates of wound compli-
cations compared with conventional open techniques.
Koshimune et al reported that the introduction of MIS-
SPF reduced operative time from 345 to 208 minutes
and blood loss from 520 to 290 mL." Williams et al
reported favorable perioperative outcomes in MIS-SPF
cases, with a mean operative time of 144 minutes and
a mean blood loss of 202 mL.” Liu et al described
robotic minimally invasive triangular osteosynthesis
and demonstrated reductions in both blood loss (612
mL vs 142 mL) and operative time (185 minutes vs 148
minutes) compared with open procedures.”' Similarly,
Pearson et al reported significantly lower blood loss
in the MIS group compared with the open group (538
mL vs 171 mL).? In the present study, the mean blood
loss of 154.6 mL and the mean operative time of 149
minutes for the L4—iliac SPF procedures were compa-
rable with values reported in previous MIS-SPF series.

These findings suggest that the proposed construct can
simplify implant assembly while maintaining perioper-
ative outcomes comparable to existing MIS-SPF tech-
niques.

Maintaining sufficient stability while preserving
minimal invasiveness is a crucial challenge in MIS-
SPE. Currently reported MIS-SPF construct concepts
can largely be divided into 2 approaches. One empha-
sizes increased stability using crosslinks, offset con-
nectors, and multirod constructs, including techniques
such as crab-shaped fixation.'** Although these con-
structs provide strong fixation, the implant configu-
ration becomes more complex. The other prioritizes
minimally invasive techniques and procedural sim-
plicity by simplifying the implant construct, such as
crosslink-free triangular osteosynthesis or simplified
constructs combined with TITS.**?° However, these
simplified constructs may provide insufficient rota-
tional and horizontal stability, which could contribute
to fixation failure or nonunion.'®* In addition, TITS
fixation may provide insufficient stability in severely
displaced fractures or in cases with disrupted osseous
fixation pathways.” Previous MIS-SPF techniques
have primarily focused on reducing surgical invasive-
ness through percutaneous instrumentation, indirect
reduction maneuvers, and more recently through nav-
igation- or robot-assisted techniques.”’* In contrast,
the primary objective of the present technique is not to
further reduce surgical invasiveness or improve radio-
graphic outcomes but to simplify construct assembly
and surgical workflow. The procedure can be performed
through small incisions using conventional fluoro-
scopic guidance without navigation, robotic assistance,
or specialized instrumentation, providing a simple and
reproducible surgical strategy.” Unlike previously
reported MIS-SPF techniques that use offset connectors
to accommodate the mismatch between the longitudi-
nal rod and iliac screw heads,'®? direct inline align-
ment allows continuous rod fixation without additional
connectors, thereby simplifying rod insertion and fix-
ation procedures. We propose that sufficient construct
stability could be maintained through continuous
bilateral longitudinal rod fixation, whereas the trans-
verse rod connecting the caudal iliac screws reinforces
rotational and horizontal stability across the poste-
rior pelvic ring. In addition, the overall system can be
maintained in a low-profile configuration, which may
reduce implant prominence and wound-related compli-
cations. A similar low-profile iliac screw concept has
been described in the low-profile S1-iliac trajectory and
percutaneous modified iliac screw techniques.™ In the
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present study, a low-profile iliac screw trajectory was
used to minimize implant prominence. Unlike S2 alar-
iliac (S2AI) screws, this trajectory is independent of the
sacral osseous corridor and is therefore less likely to be
affected by the degree of sacral fracture comminution.
However, biomechanical evidence regarding this low-
profile iliac screw trajectory remains limited, particu-
larly with respect to pull-out strength and its influence
on overall construct mechanics. Furthermore, because
implant removal is often required in younger trauma
patients, the simplified construct may facilitate second-
ary implant removal procedures. Unlike conventional
crosslinks that connect bilateral rods, the transverse
rod directly connects the caudal iliac screws. The use
of a crosslink in case 4 represented an early technical
modification after sacral decompression rather than
the intended construct design, and routine crosslink
augmentation is no longer part of our current surgical
strategy. However, the present study was not designed
to evaluate the mechanical superiority of this construct;
further biomechanical validation is required to clarify
its stabilizing effect.

This study has some limitations. First, although
fracture reduction is an important factor influencing
neurologic and radiographic outcomes, quantitative
radiographic assessment of reduction quality and post-
operative spinopelvic alignment was not systematically
performed. In addition, preoperative standing radio-
graphs could not be obtained because of the high-energy
nature of these injuries. Consequently, the relationship
between reduction quality, spinopelvic alignment, and
clinical outcomes could not be evaluated. Second, this
was a small retrospective study without a control group;
therefore, superiority over conventional SPF techniques
cannot be directly demonstrated. In addition, biome-
chanical evaluation of the present construct was not
performed, and the rotational stability provided by the
transverse rod configuration requires further investi-
gation in future cadaveric and biomechanical studies.
Nevertheless, consistently favorable clinical outcomes
and a low complication rate were achieved, suggesting
the feasibility and safety of this construct.

CONCLUSION

In this preliminary case series, MIS-SPF using an
inline construct without offset connectors was feasi-
ble and demonstrated encouraging short-term clinical
and radiographic outcomes. Further studies with larger
cohorts, comparative designs, and biomechanical eval-
uation are required to establish its clinical role and
mechanical characteristics.
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