ORIGINAL ARTICLE

Fracture lines and comminution zones of traumatic
sacral fractures

Sinan Oguzkaya, M.D.," ©® Yasin Semih Giivercin, M.D.,?2 ©® Turan Bilge Kizkapan, M.D.,*
Gokay Eken, M.D.,* ©® Feridun Arat, M.D.,5 © Abdulhamit Misir, M.D.®

'Department of Orthopedics and Traumatology, Cekirge State Hospital, Bursa-Ttirkiye

2Department of Orthopedics and Traumatology, Erciyes University Faculty of Medicine, Kayseri-Tiirkiye
3Department of Orthopedics and Traumatology, Basaksehir Pine and Sakura State Hospital, istanbul-Tiirkiye
‘Department of Orthopedics and Traumatology, Uludag University Faculty of Medicine, Bursa- Tiirkiye
SDepartment of Orthopedics and Traumatology, Kayseri City Hospital, Kayseri-Ttirkiye

8Department of Orthopedics and Traumatology, Beylikdiizii Medicana International Hospital, istanbul-Ttirkiye

ABSTRACT

BACKGROUND: Sacral fractures are uncommon and understanding three-dimensional morphology is needed to obtain proper
treatment. The purpose of this study was to identify the repeatable fracture patterns and comminution zones for traumatic sacral
fractures and create fracture maps.

METHODS: Computerized tomography images of 72 patients with traumatic sacral fracture were included in the study. For each
fracture, fracture lines were identified and digitally reduced. All fractures were superimposed over a template and fracture maps; com-
minution zones and heatmaps were created for each zone.

RESULTS: There were 40 males and 32 females with a mean age of 46.5x19.9. Fifty-three (73.6%) patients sustained major trauma,
and 19 (26.4%) had minor trauma. There were 37 (51.4%) Zone |, 22 (30.6%) Zone 2, and |3 (18.1%) Zone 3 fractures. Each Denis
zone showed certain fracture patterns. In Zone | fractures, most of the fracture lines were vertical and oblique (up to 45°) orientation
on both sides. In Zone 2 fractures, fracture lines were concentrated on the S| and S2 levels. Anterolateral and posterolateral parts of
the sacrum were less affected in right-side fractures. In Zone 3 fractures, fractures were concentrated in S|, S2, and S3 levels around

the sacral canal. The median sacral crest and midline remained mostly unaffected.
CONCLUSION: Sacral fractures showed specific repeatable patterns for each zone. These findings may be helpful for pre-operative
planning, placement of fixation material, design of new implants, and modification of current fracture-classification systems.
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pain, achieve stable reduction, restore lumbo-sacrococcygeal
functional unit, and decompress nerves.['"*] Mistreated frac-
tures may cause chronic back pain, sagittal alignment distribu-
tion, bowel, bladder, and sexual dysfunction.™

INTRODUCTION

The os sacrum is described as a “keystone” between the
lumbar spine and pelvic ring. It functions as a transmitter of
biomechanical forces to the lower extremities and maintains

spinopelvic stability. Malalignment, deformity, and neurological
impairment can affect functional outcomes after sacral frac-
tures. The goals of sacral fracture treatment are to decrease

Sacral fractures can be treated with conservative or surgical
methods depending on the stability of the pelvic ring, asso-
ciated injuries, displacement of fragments, and patient de-
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mands. Sacroiliac, trans-sacral, spinopelvic fixation, or open
reduction and internal fixation with or without decompres-
sion can be chosen according to fracture pattern and asso-
ciated injuries.! Understanding three-dimensional anatomy
and the distribution of fracture lines is essential to classify
appropriately and select proper treatment methods.F!

Many authors have published fracture-mapping studies, in-
cluding various appendicular skeleton bones showing repeat-
able fracture patterns and condensed comminution zones.
191 These studies significantly contributed to the literature
to better understand the fracture morphology, achieve more
reliable pre-operative planning and guide fixation methods,
and propose new fracture classification systems.'! To the
best of our knowledge, there has been no study evaluating
sacral fracture patterns based on computerized tomogra-
phy (CT) images. The present study described CT images’
fracture lines and comminution zones in sacral fractures. We
hypothesized that sacral fractures would show specific re-
peatable patterns. We also hypothesized that we would be
able to propose osteosynthesis directions based on fracture
patterns. Furthermore, we aimed to present the difference
between the fracture zones as well.

MATERIALS AND METHODS

Patients

The present retrospective multicenter study was started
after the Institutional Review Board approval (2021-04/39,
April 14, 2021). CT images of 98 patients were selected
from Picture Archiving and Communication System (PACS)
treated between 2013 and 2020. Traumatic sacral fractures
of over |8 years with adequate CT images were included in
the study. The exclusion criteria were (1) pathological frac-
tures except for osteoporosis, (2) stress fractures, (3) evident
sacral dysmorphism, and (4) previous fracture or surgery
from the pelvis or lumbar vertebra. After exclusions, a total
of 72 patients were enrolled in the study. According to the
Denis classification,['? fractures were classified by two inde-
pendent Orthopedic surgeons. Demographic variables were
obtained from patient files. The trauma energy was classified
as major (car accidents, fall from height, industrial accidents,
and motorcycle accidents) or minor trauma (simple falls from
standing height).

Mapping Process

Axial, coronal, and sagittal images of each patient were ob-
tained with 2 mm slices from PACS. All images were trans-
ferred to a 3D Slicer software program (v 4.10.0; Brigham
and Women’s Hospital), and 3D reconstruction was carried
out. The ileum and lumbar vertebra were removed, and the
sacrum was isolated. All image sizes were equalized to fit
a standard 6%6 cell grid. Fracture lines were identified and
marked. Then, displaced fragments were digitally reduced
using Photoshop CC 2018 software (Adobe Systems Incor-
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porated, San Jose, CA, USA). After recognizing and reducing
all identifiable fracture fragments, the remaining zones were
called comminution zones. The CT image of a 25-year-old
male without bone pathology was used as the template.
All fractures were superimposed to the template to create
a fracture map and heat map as previously described.”? We
used a black-fill effect on a white floor for all maps, with the
transparency level set at 5%, applied to each layer. The com-
minution zone in each layer had a light gray color, resulting in
an increased intensity to “black” with overlapping of multiple
comminution zones. In this way, a frequency diagram based
on the density of comminution zones was created. There-
fore, fracture maps, heat maps, and comminution zones were
created from anteroposterior, lateral, and superior views for
each fracture subgroup according to the Denis classification.
[21 The mapping process was carried out by a graphic designer
and supervised by an Orthopedic Trauma surgeon.

Statistical Analysis

Patient characteristics were presented with frequency and
percentage (%). Continuous variables were presented with
mean and standard deviation (SD). The Shapiro-Wilk test
performed the test of normality. The Mann—Whitney U test
was used to compare two independent continuous variables.
The Chi-square test was used for the comparison of the cate-
gorical variables. P<0.05 was considered significant. All statis-
tical analyses were carried out using IBM SPSS for Windows,
version 22 (IBM Corp. Armonk, NY, USA).

RESULTS

Seventy-two patients (40 males and 32 females) with a mean
age of 46.5£19.9 were included in the study. There were 27

Table I. Comparison of demographic data between high and
low energy fractures
Major Minor p
trauma trauma
(n=53) n=19)
Age (mean+SD) 37.1£13.7 72867 <0.001
Sex, n (%) 0.169
Female 21 (39.6) 11 (57.9)
Male) 32 (60.4) 8 (42.1)
Side, n (%) 0.168
Right 20 (37.7) 7 (36.8)
Left 25 (47.2)  12(63.2)
Bilateral 8 (15.1) 0 (0)

Fracture classification”, n (%)

Zone | 23 (434) 14(737)  0.060
Zone 2 18 (340) 4 (21.1)
Zone 3 12(226) 1(53)

"Denis classification. SD: Standard deviation.
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Table 2. Frequencies of concomitant injuries

Associated injuries n (%)
Anterior pelvic fracture 34 (47.2)
Sacroiliac dislocation Il (15.3)
Vertebra fracture 22 (30.5)
Lower extremity fracture 28 (38.9)
Upper extremity fracture 13 (18)
Visceral injury 25 (34.7)
Thoracic injury 14 (19.4)

(37.5%) right side, 37 (51.4%) left side, and 8 (I 1.1%) bilateral
fractures. Fifty-three (73.6%) patients sustained major trauma
and |9 (26.4%) had minor trauma. There were 37 (51.4%)
Zone |, 22 (30.6%) Zone 2, and 13 (18.1%) Zone 3 fractures.
The distribution of fracture characteristics is summarized ac-
cording to the trauma mechanism in Table |. Accompanying
injuries are presented in Table 2. The fracture lines, heatmaps,
and comminution zones for each fracture subtype are pre-
sented in Figures 1-3, respectively.

In Zone 1, the sacroiliac joint’s fractures and sacral and ileal
surfaces were significantly affected. Fracture orientation was
vertical and oblique (up to 45°) on both sides (Fig. 1). SI
foramen was the most frequently involved foramen bilaterally
(Fig. 1). Comminution zones were almost always observed in
sacral ala.

In Zone 2 fractures, the left side was significantly more af-
fected and fractures were concentrated on S| and S2 levels.
Most of the fractures were vertically oriented in the left-side

fractures, while an oblique fracture line involvement was ob-
served in the right-side fractures (Fig. 2). Anterolateral and
posterolateral parts of the sacrum were less affected in the
right-side fractures. The sacroiliac joint was significantly less
affected in the right-side fractures.

Zone 3 fractures were concentrated in SI, S2, and S3 levels
around the sacral canal. The median sacral crest and midline
remained primarily unaffected. In the axial plane, it was ob-
served that significantly more fractures were concentrated
at the posterior half of the sacrum. Most Zone 3 fractures
showed a transverse pattern from coronal and axial planes

Figure 2. Fracture Line (a), Comminution zone (b), and Heatmap (c)
of Zone 2 fractures. a. anterior view. b. lateral view. c. superior view.

Figure 1. Fracture Line (a), Comminution zone (b), and Heatmap (c)
of Zone 1 fractures. a. anterior view. b. lateral view. c. superior view.
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Figure 3. Fracture Line (a), Comminution zone (b), and Heatmap (c)
of Zone 3 fractures. a. anterior view. b. lateral view. c. superior view.
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(Fig. 3). The sacroiliac joint was less affected than Zone | and
Zone 2 fractures. Comminution was less frequent in Zone
3 fractures. We also observed that some fractures showed
transverse-oblique orientation between the S3 foramen and
the contralateral S4 foramen (Fig. 3).

DISCUSSION

In this study, we presented the fracture patterns of traumatic
sacral fractures. VWe observed that each fracture zone shows
certain fracture lines and comminution zones.

Many authors attempted to classify sacral fractures based on
trauma mechanism,!"¥! fracture location,!'” morphology, and
the existence of lumbosacral instability.'"! Furthermore, a
more comprehensive AO classification was proposed!'® and
validated recently.l'®! We observed a transverse-oblique frac-
ture pattern between the S3 foreman and contralateral S4
foramen, which is like AO type A3 but undefined. This finding
may guide researchers to modify current sacral fracture clas-
sification systems.

Due to the proximity of nerve roots, sacral fractures are fre-
quently complicated with nerve injury. This risk is higher in
Zone 2 and Zone 3 fractures.” We observed that $3-54 in-
volvement was proportionally more frequent in Zone 3 com-
pared to Zone 2 fractures. This finding may guide surgeons to
decide decompression levels.

lliosacral screw is a minimally invasive technique that offers
stability without extensive soft-tissue dissection, but it is a
technically demanding procedure.l"'] In Zone | fractures,
we observed that fracture lines showed oblique orientation
mostly (Fig. ). Contrary to general knowledge, caudal to the
cranial tilt of Sl screw may be beneficial in zone | fractures to
obtain perpendicular insertion of the screw to the fracture
plane. This hypothesis should be tested with biomechanical
studies.

Concomitant anterior pelvic injuries are common in sacral
fractures.['! Although most of the study population had Zone
| fractures, concomitant lateral ileum fractures were primar-
ily observed in Zone 2 fractures. Concomitant ileum frac-
tures should be addressed for preoperative planning, which
may affect determining the entry point of the iliosacral screw.

Surgeons must be aware of an iatrogenic nerve injury risk
due to over-compression of comminuted fractures, and full
threaded screws can be used for comminuted fractures. In
our study, comminution was more frequently observed in
Zones | and 2 fractures. Partially, threaded screws are rec-
ommended for Zones I, 3, and non-comminuted Zone 2
fractures.

This is the first study on the 3D mapping of sacral fractures
to the best of our knowledge. We tried to cover all traumatic
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sacral fractures caused by high-energy trauma and low-en-
ergy osteoporotic fractures. Treatment choice depends on
many factors, such as associated injuries, soft tissue condi-
tions, and bone quality. Understanding the 3D morphology
of the fracture is also essential to decide optimal treatment.
Although each fracture has its characteristics and should be
assessed separately, our findings may give a general perspec-
tive to surgeons for recognizing the standard fracture lines
and comminution zones of each fracture zone. We hope that
our results will guide researchers to design new implants,
modify the current classification systems, and extend the
knowledge about the internal fixation techniques about the
sacral fractures.

This study has several limitations that should be acknowl-
edged. First, we included only traumatic fractures. Our re-
sults are not generalizable for all sacral fractures. Second,
the study population is relatively low. Further studies with a
larger population are needed for more reliable conclusions.
Third, the os sacrum has a highly variable morphology. We
attempt to exclude the dysmorphic sacrums, but some frac-
tures may not perfectly fit our template, which was a 25-year-
old male. We are aware that, these fracture maps may not
be representative of all sacral fractures. Fractures should be
analyzed separately and the treatment plan should make indi-
vidually. Finally, our analysis was based on a qualitative assess-
ment of the fracture maps like previous studies, making the
data relatively subjective.

Conclusion

Sacral fractures showed specific repeatable patterns for each
Denis zone. These findings may be helpful for pre-operative
planning, insertion of the fixation materials, design of new
implants, and modification of current fracture classification
systems.
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AMAC: Sakrum kiriklari nadir goriiliir ve uygun tedavinin belirlenmesi igin 3 boyutlu kirk morfolojisinin detayl olarak anlasilmasi sarttir. Mevcut
galismanin amaci sakrum kiriklarinda tekrarlayan kirik paternlerinin ortaya koyulmasi, pargalanma alanlarinin belirlenmesi ve bilgisayarli tomografi
(BT) bazl kirik haritalarinin olusturulmasidir.

GEREG VE YONTEM: Travmatik sakrum kirigi tanisi almis 72 hastanin BT goriintiileri incelendi. Her kirik icin kirik hatlar belirlendi ve dijital ortamda
rediikte edildi. Tim kiriklar bir sablonun Uzerine stiperpoze edilerek kirik haritalari olusturuldu. Her kirik tipi icin ayrica pargalanma alanlari ve isi
haritalari elde edildi.

BULGULAR: Calismaya 40 erkek 32 kadin hasta dahil edildi (ort. hasta yasi 46.5x19.9). Elli li¢ hastada (%73.6) major travma, |9 hastada (%26.4)
mindr travma sonrasi kirik olusmustu. Zon | kiriklarda ¢ogu kirik hatti vertikal ve ya oblikti (45°’ye kadar). Zone 2 kiriklarda kiriklarin S| ve S2
seviyelerinde yogunlastigi gozlendi. Sag tarafli kiriklarda anterolateral ve posterolateral kisimlar gorece daha az etkilenmisti. Zone 3 kiriklarda kirik
hatlari sakral kanal gevresinde ve S|, S2 ve S3 seviyelerinin etrafinda yogunlasmisti. Orta hat ve median sakral krista cogu zaman korunmustu.
TARTISMA: Sakrum kiriklari her kirik tipi igin bir takim tekrarlanabilir 6zellikler gostermektedir. Mevcut bulgular; tedavi planlamasi, fiksasyon mater-
yallerinin yerlestirilmesi, yeni implantlar gelistirilmesi ve mevcut siniflama sistemlerinin modifikasyonu igin faydali olabilir.

Anahtar sozclikler: 3D; haritalama; 1si haritasi; kirik paterni; sakrum kirigi.
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