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Sacral fractures have always been a challenging treatment pathology, as they mostly concerned high-ener-
gy traumata with several coexisting fractures and injuries. In recent years, however, as the population ages 
more but remains active, diagnostic options have become more popular and widely used, leading to the ap-
pearance of the terms sacral insufficiency fracture or low energy sacral fracture in clinical practice.  Although 
the terms refer to the same bone, the injury mechanism, complications, and treatment options do not over-
lap with high energy sacral fractures. This article reviews the two different fracture identities and suggests 
treatment options. 
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Introduction: 
Sacral fractures (SF) are a peculiar type of injury with 
certain problematics. The main issues are the coexist-
ence of other injuries with high morbidity rate, the 
missed or delayed diagnosis, the lack of an unique 
classification system with corresponding treatment al-
gorithms and the overlapping fields of specializations 
of medical professionals (spine-surgeons, neurosur-
geons, orthopaedic-surgeons and trauma-surgeons) 
[1, 2]. Epidemiologically, SF appear in two patient 
groups: the first group suffers high-energy (HE) trau-
ma, like motor-vehicle-collisions and falls from height 
and comprises mostly younger patients; the second 

group comprises either older patients with primary 
osteopenia which predispose to pathological fractures, 
or patients with local bone alteration due to radiother-
apy or tumor with or without minor trauma (MT) [3, 
4].   

Diagnosis:
In the HE group isolated SF appears about 5% [5]. Pel-
vic or abdominal bleeding, significant soft tissue inju-
ry (open fractures or Morel-Lavallee lesions) and neu-
rologic deficit (present up to 50%) are common associ-
ated injuries that define mortality rate at these patients 
(17% mortality rate within a year) [5, 6, 7]. Plain radio-
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graphs of the pelvis with anteroposterior, inlet/outlet 
views provide the first information about the fracture 
severity (Fig. 1) but can be insufficient with up to 50% 
misdiagnosis. CT-scan remains essential for patients, 
who are admitted to the ER with a known HE-trauma 
[8]. Nevertheless MRI can diagnose bone bruises and 
occult fractures where the cortical bone remains intact, 
which is even more clinical relevant at the MT group 
[4]. The sensitivity of CT-scan reaches a 77% compared 
with MRI with a sensitivity of 96,3% [9].

By the MT group a spectacular trauma is missing 
and the patients mostly complain about low back 
pain, radiculopathy and hip/inguinal pain that mis-
guides the clinical diagnosis and leads to misdiagnosis 
or delayed recognition [10]. The most common diag-
nostic method to raise suspicion of a sacral insufficien-
cy fracture (SIF) is the lumbar MRI, which leads to fur-
ther investigation through CT-scan [10]. SIFs are asso-
ciated with increased mortality rate, which can reach 
25.5% at 3 years post event, similar to hip fracture at 
5 years follow up [12, 13]. Neurologic deficits can ap-
pear approximately at 2% of the MT group, as cauda 
equina syndrome or L5-S1 nerve root paresis [14]. 
Continuing bleeding with hemodynamic instability is 
rare, but could occur in elderly patients who receive 
an antithrombotic therapy [15].  An isolated fragility 
fracture of the anterior pelvis with a pubic and/or an 
ischial rami fracture at the radiograph is rare (3%) and 
a co-fracture of the sacrum should be excluded with a 
CT-scan [16]. 

Classification:
There are several classifications used, each one of these 
deals with the fracture from a different point of view:

a. Pelvic ring fractures:
• AO-modified Tile classification does not refer only 

to SF but to pelvic ring fractures. It divides them into 
three types: stable, rotationally stable, vertically and 
posteriorly stable, and rotationally, vertically and pos-
teriorly unstable [17] (Fig. 2).

• Young-Burgess classification also refers to pelvic 
ring fractures and describes the different displacing 
vectors: lateral compression, anterior-posterior com-
pression, and vertical shear [18] (Fig. 3).

b. Longitudinal or vertical sacral fractures (90%) [19]:
• Dennis isolated sacrum fracture classification, 

based on the sacral foramina, defines 3 longitudinal 
fractures zones at the oblique view. Zone I lies lat-
eral of the sacral foramina, at sacra ala. Zone II goes 
through the neural foramina and zone III medial of the 
foramina. The risk for neurological deficit increases 
from lateral to median from 6%, to 28%, up to 60%. At 
zone III fractures there is a high rate of 76% for urinary 
bladder and sexual dysfunction [20] (Fig. 4).

• Isler classification deals with Dennis-Zone II frac-
tures, meaning through the neuroforamina,  but raises 
the issue of the L5/S1 facet joint: stable Type I is lateral 
of the L5/S1 facet joint, unstable Type II is through the 
joint and highly unstable Type III is medial to the facet 
[21] (Fig. 5). 

c. Transverse SF (3-5%) [22] :
• Modified Roy-Camille classification evaluates 

transverse fractures and displacement of the upper sa-
crum in Dennis-Zone III in the sagittal plane. Depend-
ing on the kyphosis angle there are 3 types, where the 
4th Type is a S1 burst fracture, without any angulation 
[23] (Fig. 6). 

d. Mixed longitudinal and transverse fractures clas-
sification (3-6%) [24]:

• They are described by an alphabet letter accord-
ing to the fracture-morphology, which includes the H, 
U, λ and the T-form, depending on the shape of the 
fracture line. They represent fractures of the sacrum 
complicated with spinopelvic dissociation (Fig. 7) [25].

e. Fragility fracture of the pelvis (FFP) [26]:
• This classification differentiates the MT from the 

Fig. 1: Pelvic X-ray interpretation:
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HE sacral and pelvic ring fractures. There are 4 Types 
described: Type I with isolated fractures of the anteri-
or pelvic ring, Type II with a non-dislocated posterior 
pelvic ring fracture, Type III with dislocation-fracture 
of the posterior ring and Type IV with dislocated bilat-
eral fracture of the posterior pelvis ring.

General treatment:
The management of SF depends on the patient group. 
In the HE group the mortality rate can reach up to 40% 
for patients with a hemodynamic unstable pelvis frac-
ture [27]. Initially ATLS and institution specific pro-
tocols provide cardiopulmonary and hemodynamic 
stability. If an active bleeding is suspected an exter-
nal pelvis stabilization should be placed either with a 
sheet, a binder, a pelvic C-clamp or an external fixator 
in order to decrease the pelvic volume and minimize 
the blood loss. In addition, an urgent angiography and 

Fig. 2: The AO/Tile Classification: black lines stand for region with a stable fracture and white frames for region 
with an unstable fracture

Fig. 3: The Young-Burgess classification with arrows showing the applying force vector.

Fig. 4: The Dennis classification has 3 fracture zones 
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embolization should be performed [28]. Additional 
specialists should also be counselled if hematomas or 
active bleeding are present at the urogenital tract or 
the rectum [29]. If the patient is conscious, a short neu-
rological examination is essential. 

In case of stable pelvis fracture, lack of neurological 
deficit and limited soft tissue injury conservative treat-
ment is indicated with better functional, emotional 
and mental results [30]. FFP Type IIa fractures could be 
treated conservatively with painkillers and early mo-
bilization and only in case of pain resistance, operation 
should be reconsidered. Treatment of the primary dis-

ease, in most occasions osteoporosis, with Vitamin D, 
bisphosphonates and teriparatide, not only prevents 
further fractures but improves pain relief and enhanc-
es the fracture healing [31, 32]. Unstable fractures with 
or without neurological deficit require an operative 
treatment [33]. Such are displaced AO-Tile Type B and 
C, displaced vertical, transverse Roy-Camille Type 
II-IV, U-shaped fractures as well as dislocated lateral 
compression injuries (<10mm) [34-38]. FFPs Type III-
IV are also considered unstable and a surgical fixation 
is mandatory [32]. Neurological deficits can be treated 
either indirectly by reducing the fracture or directly by 

Fig. 5: The Isler classification considering the L5/S1 facet joint

Fig. 6: The modified Roy-Camille classification:
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decompression and laminectomy within 24-72 hours, 
with controversial outcomes [39, 40].

Surgical treatment:
If conservative treatment fails or in case of fracture in-
stability, surgical intervention is advised, either min-
imally invasive/percutaneously (MIS) or with open 
reduction and internal fixation (ORIF).  

MIS procedures are:
a. Sacroplasty with or without balloon kyphoplasty
b. Transiliac sacral screws (TIS) 
c. Indirect sacral fixation with iliac screws or
d. Minimally invasive plating
e. Sacral bars
f. Percutan spinopelvic fixation
For fragility fractures of the pelvis such methods are 

preferred in order to reduce the risks of cardiovascu-
lar and lung complications, as well as infection and 
wound healing problems. FFP Type I and IIa fractures 
are primarily treated conservatively, however the lat-
ter could end up needing an operative treatment be-
cause of posterior ring instability. If mobilization un-
der painkillers fails, CT imaging should be performed 
in order to exclude a fracture displacement [41]. 

For Type IIa fractures, sacroplasty with or without 
balloon is a minimally invasive method of preference 
for stabilization of the fracture and significant pain 
relief. The patients can be mobilized early and regain 
their quality of life. The procedure can be performed 
under fluoroscopy or CT-guided in a prone position 
[42, 43]. Complications like cement leakage have been 
described, however major complication rate was re-

ported at 0,3% [44]. There are two recommended tech-
niques: the short and the long axis technique. With the 
short axis technique the needle is placed over the S1 
and/or S2 ala, lateral of the neuroforamina and medi-
an of the iliosacral joint. With the long axis technique 
the needle has a caudocranial direction, entering the 
sacrum between the inferior margin of the iliosacral 
joint and the S3 neuroforamen (Fig. 8). Advantages 
of the long axis technique are better cement distribu-
tion and decreased chance of anterior cortex violation 
[45]. Preoperatively the landmarks of the anatomic re-
lationships have to be studied in order to avoid false 
positioning of the needles (Fig. 9).

TIS is an established method for treating the pos-
terior pelvic ring fracture, not only for FFP Type II 
fractures but also for HE trauma as vertically unstable 
pelvic fractures and U-shaped SF with simple fracture 
pattern [41, 46]. The screws are placed under fluor-
oscopic imaging with the patient in prone or supine 
position. One or two distally-threaded screws are in-
serted in S1 or one in S1 and a second screw in S2 body 
[46]. The use of a washer at the screw head reduces the 
iliac cortex perforation [47]. Using cement augmen-
tation through the cannulated screws can reduce the 
risk of screw loosening (Fig. 10), even combined with 
balloon kyphoplasty [48, 49, 50]. Correct positioning 
of the screws demands proper study of the individual 
anatomy of each patient at the preoperative CT-scan 
[51]. Intraoperative use of fluoroscopy with lateral, 
inlet and outlet pelvic views and identification of the 
sacral safe zones are mandatory elements of the proce-
dure (Fig. 11) [52].

Fig. 7: The alphabetic fracture classification of the sacrum:
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Fig. 8: Landmarks for needle placement at the long axis technique: 

Fig. 9: The short axis technique:
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Other MIS techniques are bridging constructs, 
which connect the iliac bones bilaterally, posteriorly 
of the sacrum but do not provide compression at the 
fracture zone. These procedures can be used at unilat-
eral and bilateral fractures of the sacrum regardless of 
bone density because of the good anchorage provided 
by the iliac screws (Fig. 12) [53, 54]. The iliac screw can 
be inserted posteriorly through the skin, by targeting 
for the teardrop landmark at the obturator outlet view, 
over the foramen ischiadicus major at the lateral view 
and over the acetabulum at the anteroposterior view 
(Fig. 13). The use of a 5 to 6mm threaded transsacral 
bar has also been described. It is inserted percutane-
ously through the S1 body and provides compression 
at the fracture site by tightening the nuts bilaterally 
[54]. Both the bridging as well as the transsacral bar 
technique could be combined with TIS screws for ad-
ditional rotational stability [47, 56]. 

When spinopelvic dissociation, vertical instability 
or complex fracture patterns are addressed, the use of 
spinopelvic fixation reaches better biomechanical sta-
bility. It is recommended for FFP Type III and IV, but 
also for U and H-shaped fractures (Fig 14) [46, 57, 58]. 
The construct bridges with screws the lower lumbar 
spine with the posterior ilium over a vertical rod. The 
screws can be inserted minimally invasive, uni-or-bi-
laterally.  A S2-Alar-Iliac screw can alternatively be 
used instead of an alar iliac screw with similar biome-
chanical features [59]. Spinopelvic fixation combined 
with a TIS screw for accessorial rotational stability is 
named triangular osteosynthesis. 

Residual instability at the anterior pelvic ring can 
cause pseudarthrosis and implant failure posteriorly. 
Depending on the fracture’s characteristics, MIS retro-
grade transpubic screw insertion or ORIF by plate or 
screws is recommended (Fig. 15) [60, 61].   

Conclusions:
SF used to be a concern at trauma center hospitals, 

Fig. 10: Complication after treatment with TIS screws: 

Fig. 11a: TIS screw placement: lateral view

Fig. 11b: TIS screw placement: inlet and outlet view: 

Christodoulou E et al. Sacral fractures in young and elderly patients. 
One fracture, two different clinical identities with many treatment options



73acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 72  |  ISSUE 1  |  JANUARY - MARCH 2021

Fig. 12: Bridging iliac screw-rod constructs for unstable sacral fractures 

where high-energy injuries were admitted. Nowa-
days, the clinical entity of the fragility fractures of the 
pelvis raises the necessity that also medical speciali-
zations such orthopedic- and neurosurgeons be ac-
quainted with the treatment of SF as well. 

AOSpine/Trauma concluded that a new global 

classification should be generated [62]. Lehmann et al. 
proposed a scoring system for evaluating injury sever-
ity and developed an algorithm for clinical decision 
making and surgical management [63]. 

Summarizing, cement augmentation or TIS should 
be considered for FFP Type II fractures. For Type 
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Fig. 13: Landmarks for placing iliac screws: 
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Fig. 14: Treatment of spinopelvic dissociation 

Fig. 15: 38years old female patient with motor vehicle collision: fracture of the symphysis pubis and unilateral 
vertical sacral fracture on the left side 

III lesions open surgical reduction will be needed 
in most cases. In Type IV fractures spinopelvic fixa-
tion is required [61]. Simple vertical fractures could 
be treated with TIS, where complex ones are more 
suitable for triangular fixation. Unstable transverse 
fractures and spinopelvic dissociation as may occur 

at U-and H-fractures demand more rigid osteosyn-
thesis, which involves iliolumbar fixation [64, 65, 
66]. A

Conflicts of Interest
The authors declare that they have no conflicts of Interest.

Christodoulou E et al. Sacral fractures in young and elderly patients. 
One fracture, two different clinical identities with many treatment options



75acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 72  |  ISSUE 1  |  JANUARY - MARCH 2021

1. Lindtner RA, Bellabarba C, Firoozabadi R, et 
al. Should Displaced Sacral Fractures Be Treat-
ed by an Orthopedic Traumatologist or a Spine 
Surgeon?. Clin Spine Surg. 2016;29(5):173-176. 
doi:10.1097/BSD.0000000000000385  

2. Khurana B, Sheehan SE, Sodickson AD, Weaver MJ. 
Pelvic ring fractures: what the orthopedic surgeon 
wants to know. Radiographics. 2014;34(5):1317-
1333. doi:10.1148/rg.345135113 

3. König MA, Jehan S, Boszczyk AA, Boszczyk BM. 
Surgical management of U-shaped sacral fractures: 
a systematic review of current treatment strate-
gies. Eur Spine J. 2012;21(5):829-836. doi:10.1007/
s00586-011-2125-7  

4. Wagner, D., Ossendorf, C., Gruszka, D. et al. Fra-
gility fractures of the sacrum: how to identify and 
when to treat surgically?. Eur J Trauma Emerg 
Surg 41, 349–362 (2015). https://doi.org/10.1007/
s00068-015-0530-z  

5. Rodrigues-Pinto R, Kurd MF, Schroed-
er GD, et al. Sacral Fractures and Associat-
ed Injuries. Global Spine J. 2017;7(7):609-616. 
doi:10.1177/2192568217701097  

6. Lunsjo K, Tadros A, Hauggaard A, Blomgren R, 
Kopke J, Abu-Zidan FM. Associated injuries and 
not fracture instability predict mortality in pel-
vic fractures: a prospective study of 100 patients. 
J Trauma. 2007;62(3):687-691. doi:10.1097/01.
ta.0000203591.96003.ee

7. Bakhshayesh P, Weidenhielm L, Enocson A. 
Factors affecting mortality and reoperations in 
high-energy pelvic fractures. Eur J Orthop Surg 
Traumatol. 2018;28(7):1273-1282. doi:10.1007/
s00590-018-2203-1

8. Vaccaro AR, Kim DH, Brodke DS, et al. Diagnosis 
and management of sacral spine fractures. Instr 
Course Lect. 2004;53:375-385.

9. Henes FO, Nüchtern JV, Groth M, et al. Compari-
son of diagnostic accuracy of Magnetic Resonance 
Imaging and Multidetector Computed Tomog-
raphy in the detection of pelvic fractures. Eur 
J Radiol. 2012;81(9):2337-2342. doi:10.1016/j.
ejrad.2011.07.012

10. Tamaki Y, Nagamachi A, Inoue K, et al. Inci-
dence and clinical features of sacral insufficien-
cy fracture in the emergency department. Am J 
Emerg Med. 2017;35(9):1314-1316. doi:10.1016/j.
ajem.2017.03.037

11. Kim YY, Chung BM, Kim WT. Lumbar spine MRI 
versus non-lumbar imaging modalities in the di-
agnosis of sacral insufficiency fracture: a retro-
spective observational study. BMC Musculoske-
let Disord. 2018;19(1):257. Published 2018 Jul 25. 
doi:10.1186/s12891-018-2189-1

12. Park JW, Park SM, Lee HJ, Lee CK, Chang BS, 
Kim H. Mortality following benign sacral insuf-
ficiency fracture and associated risk factors. Arch 
Osteoporos. 2017;12(1):100. Published 2017 Nov 9. 
doi:10.1007/s11657-017-0395-3

13. Breuil V, Roux CH, Carle GF. Pelvic fractures: 
epidemiology, consequences, and medical man-
agement. Curr Opin Rheumatol. 2016;28(4):442-447. 
doi:10.1097/BOR.0000000000000293

14. Finiels PJ, Finiels H, Strubel D, Jacquot JM. Spon-
taneous osteoporotic fractures of the sacrum caus-
ing neurological damage. Report of three cases. J 
Neurosurg. 2002;97(3 Suppl):380-385. doi:10.3171/
spi.2002.97.3.0380

15. Dietz SO, Hofmann A, Rommens PM. Haemor-
rhage in fragility fractures of the pelvis. Eur J Trau-
ma Emerg Surg. 2015;41(4):363-367. doi:10.1007/
s00068-014-0452-1

16. Scheyerer MJ, Osterhoff G, Wehrle S, Wanner 
GA, Simmen HP, Werner CM. Detection of poste-
rior pelvic injuries in fractures of the pubic rami. 
Injury. 2012;43(8):1326-1329. doi:10.1016/j.inju-
ry.2012.05.016

17. Meinberg EG, Agel J, Roberts CS, Karam MD, 
Kellam JF. Fracture and Dislocation Classification 
Compendium-2018. J Orthop Trauma. 2018;32 Sup-
pl 1:S1-S170. doi:10.1097/BOT.0000000000001063

18. Burgess AR, Eastridge BJ, Young JW, et al. Pelvic 
ring disruptions: effective classification system 
and treatment protocols. J Trauma. 1990;30(7):848-
856.

19. Beckmann N, Cai C. CT characteristics of traumat-

Christodoulou E et al. Sacral fractures in young and elderly patients. 
One fracture, two different clinical identities with many treatment options

references



76 acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 72  |  ISSUE 1  |  JANUARY - MARCH 2021

ic sacral fractures in association with pelvic ring 
injuries: correlation using the Young-Burgess clas-
sification system. Emerg Radiol. 2017;24(3):255-262. 
doi:10.1007/s10140-016-1476-0

20. Denis F, Davis S, Comfort T. Sacral fractures: an 
important problem. Retrospective analysis of 236 
cases. Clin Orthop Relat Res. 1988;227:67-81.

21. Isler B. Lumbosacral lesions associated with pel-
vic ring injuries. J Orthop Trauma. 1990;4(1):1-6. 
doi:10.1097/00005131-199003000-00001

22. Katsuura Y, Chang E, Sabri SA, Gardner WE, Doty 
JF. Anatomic Parameters for Instrumentation of 
the Sacrum and Pelvis: A Systematic Review of 
the Literature. J Am Acad Orthop Surg Glob Res Rev. 
2018;2(8):e034. Published 2018 Aug 2. doi:10.5435/
JAAOSGlobal-D-18-00034

23. Strange-Vognsen HH, Lebech A. An unusu-
al type of fracture in the upper sacrum. J Orthop 
Trauma. 1991;5(2):200-203. doi:10.1097/00005131-
199105020-00014

24. Zeman J, Pavelka T, Matějka J. Suicidal Jumper’s 
Fracture [Suicidal jumper’s fracture]. Acta Chir Or-
thop Traumatol Cech. 2010;77(6):501-506.

25. Bäcker HC, Wu CH, Vosseller JT, et al. Spinopel-
vic dissociation in patients suffering injuries from 
airborne sports [published online ahead of print, 
2019 Apr 29]. Eur Spine J. 2019;10.1007/s00586-019-
05983-6. doi:10.1007/s00586-019-05983-6

26. Rommens PM, Arand C, Thomczyk S, Handrich 
K, Wagner D, Hofmann A. Fragilitätsfrakturen des 
Beckens [Fragility fractures of the pelvis]. Unfall-
chirurg. 2019;122(6):469-482. doi:10.1007/s00113-
019-0643-7

27. Zhao XG. Emergency management of hemody-
namically unstable pelvic fractures. Chin J Trauma-
tol. 2011;14(6):363-366.

28. Scaglione M, Parchi P, Digrandi G, Latessa M, Gui-
do G. External fixation in pelvic fractures. Muscu-
loskelet Surg. 2010;94(2):63-70. doi:10.1007/s12306-
010-0084-5

29. Pavelka T, Houcek P, Hora M, Hlavácová J, Lin-
hart M. Urologické poranení pri zlomeninách 
pánevního kruhu [Urogenital trauma associated 
with pelvic ring fractures]. Acta Chir Orthop Trau-

matol Cech. 2010;77(1):18-23.
30. Lykomitros VA, Papavasiliou KA, Alzeer ZM, 

Sayegh FE, Kirkos JM, Kapetanos GA. Manage-
ment of traumatic sacral fractures: a retrospective 
case-series study and review of the literature. In-
jury. 2010;41(3):266-272. doi:10.1016/j.inju-
ry.2009.09.008

31. Kasukawa Y, Miyakoshi N, Ebina T, et al. En-
hanced bone healing and decreased pain in sacral 
insufficiency fractures after teriparatide treat-
ment: retrospective clinical-based observational 
study. Clin Cases Miner Bone Metab. 2017;14(2):140-
145. doi:10.11138/ccmbm/2017.14.1.140

32. Rommens PM, Arand C, Hofmann A, Wagner D. 
When and How to Operate Fragility Fractures of 
the Pelvis?. Indian J Orthop. 2019;53(1):128-137. 
doi:10.4103/ortho.IJOrtho_631_17

33. Hak DJ, Baran S, Stahel P. Sacral fractures: current 
strategies in diagnosis and management. Ortho-
pedics. 2009;32(10):orthosupersite.com/view.as-
p?rID=44034. doi:10.3928/01477447-20090818-18

34. Halawi MJ. Pelvic ring injuries: Surgical manage-
ment and long-term outcomes. J Clin Orthop Trau-
ma. 2016;7(1):1-6. doi:10.1016/j.jcot.2015.08.001

35. Beckmann NM, Chinapuvvula NR. Sacral frac-
tures: classification and management. Emerg Ra-
diol. 2017;24(6):605-617. doi:10.1007/s10140-017-
1533-3

36. Vialle R, Charosky S, Rillardon L, Levassor N, 
Court C. Traumatic dislocation of the lumbosa-
cral junction diagnosis, anatomical classification 
and surgical strategy. Injury. 2007;38(2):169-181. 
doi:10.1016/j.injury.2006.06.015

37. Tsirikos AI, Saifuddin A, Noordeen MH, Tucker SK. 
Traumatic lumbosacral dislocation: report of two 
cases. Spine (Phila Pa 1976). 2004;29(8):E164-E168. 
doi:10.1097/00007632-200404150-00026

38. Pulley BR, Cotman SB, Fowler TT. Surgical Fix-
ation of Geriatric Sacral U-Type Insufficien-
cy Fractures: A Retrospective Analysis. J Or-
thop Trauma. 2018;32(12):617-622. doi:10.1097/
BOT.0000000000001308

39. Zelle BA, Gruen GS, Hunt T, Speth SR. Sacral 
fractures with neurological injury: is early decom-

Christodoulou E et al. Sacral fractures in young and elderly patients. 
One fracture, two different clinical identities with many treatment options



77acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 72  |  ISSUE 1  |  JANUARY - MARCH 2021

pression beneficial?. Int Orthop. 2004;28(4):244-251. 
doi:10.1007/s00264-004-0557-y

40. Kepler CK, Schroeder GD, Hollern DA, et al. Do 
Formal Laminectomy and Timing of Decom-
pression for Patients With Sacral Fracture and 
Neurologic Deficit Affect Outcome?. J Orthop 
Trauma. 2017;31 Suppl 4:S75-S80. doi:10.1097/
BOT.0000000000000951

41. Rommens PM. Is there a role for percutane-
ous pelvic and acetabular reconstruction?. In-
jury. 2007;38(4):463-477. doi:10.1016/j.inju-
ry.2007.01.025

42. Frey ME, Depalma MJ, Cifu DX, Bhagia SM, Carne 
W, Daitch JS. Percutaneous sacroplasty for osteo-
porotic sacral insufficiency fractures: a prospec-
tive, multicenter, observational pilot study. Spine J. 
2008;8(2):367-373. doi:10.1016/j.spinee.2007.05.011

43. Kortman K, Ortiz O, Miller T, et al. Multicenter 
study to assess the efficacy and safety of sac-
roplasty in patients with osteoporotic sacral in-
sufficiency fractures or pathologic sacral lesions. J 
Neurointerv Surg. 2013;5(5):461-466. doi:10.1136/
neurintsurg-2012-010347

44. Chandra V, Wajswol E, Shukla P, Contractor S, 
Kumar A. Safety and Efficacy of Sacroplasty for 
Sacral Fractures: A Systematic Review and Me-
ta-Analysis. J Vasc Interv Radiol. 2019;30(11):1845-
1854. doi:10.1016/j.jvir.2019.06.013

45. Lyders EM, Whitlow CT, Baker MD, Morris PP. 
Imaging and treatment of sacral insufficiency frac-
tures. AJNR Am J Neuroradiol. 2010;31(2):201-210. 
doi:10.3174/ajnr.A1666

46. Guerado E, Cervan AM, Cano JR, Giannoudis 
PV. Spinopelvic injuries. Facts and controver-
sies. Injury. 2018;49(3):449-456. doi:10.1016/j.inju-
ry.2018.03.001

47. Rommens PM, Wagner D, Hofmann A. Minimal 
Invasive Surgical Treatment of Fragility Fractures 
of the Pelvis. Chirurgia (Bucur). 2017;112(5):524-
537. doi:10.21614/chirurgia.112.5.524

48. König MA, Hediger S, Schmitt JW, Jentzsch T, 
Sprengel K, Werner CML. In-screw cement aug-
mentation for iliosacral screw fixation in pos-
terior ring pathologies with insufficient bone 

stock. Eur J Trauma Emerg Surg. 2018;44(2):203-210. 
doi:10.1007/s00068-016-0681-6

49. Sandmann GH, Stöckle U, Freude T, Stuby FM. 
Balloon Guided Cement Augmentation of Iliosa-
cral Screws in the Treatment of Insufficiency Frac-
tures of the Sacrum - Description of a New Method 
and Preliminary Results. “Baloon guided” augu-
mentace iliosakrálních šroubů kostním cementem 
v léčení insuficientních zlomenin sakra – popis 
nové metody a předběžné výsledky. Acta Chir Or-
thop Traumatol Cech. 2018;85(2):85-88.

50. Collinge CA, Crist BD. Combined Percutaneous 
Iliosacral Screw Fixation With Sacroplasty Using 
Resorbable Calcium Phosphate Cement for Os-
teoporotic Pelvic Fractures Requiring Surgery. J 
Orthop Trauma. 2016;30(6):e217-e222. doi:10.1097/
BOT.0000000000000520

51. Wendt H, Gottschling H, Schröder M, et al. Rec-
ommendations for iliosacral screw placement in 
dysmorphic sacrum based on modified in-out-
in corridors. J Orthop Res. 2019;37(3):689-696. 
doi:10.1002/jor.24199

52. Kim JJ, Jung CY, Eastman JG, Oh HK. Measure-
ment of Optimal Insertion Angle for Iliosacral 
Screw Fixation Using Three-Dimensional Com-
puted Tomography Scans. Clin Orthop Surg. 
2016;8(2):133-139. doi:10.4055/cios.2016.8.2.133

53. Kobbe P, Hockertz I, Sellei RM, Reilmann H, Hock-
ertz T. Minimally invasive stabilisation of posteri-
or pelvic-ring instabilities with a transiliac locked 
compression plate. Int Orthop. 2012;36(1):159-164. 
doi:10.1007/s00264-011-1279-6

54. Dienstknecht T, Berner A, Lenich A, Nerlich M, 
Fuechtmeier B. A minimally invasive stabilizing 
system for dorsal pelvic ring injuries. Clin Orthop 
Relat Res. 2011;469(11):3209-3217. doi:10.1007/
s11999-011-1922-y

55. Mehling I, Hessmann MH, Rommens PM. Stabi-
lization of fatigue fractures of the dorsal pelvis 
with a trans-sacral bar. Operative technique and 
outcome. Injury. 2012;43(4):446-451. doi:10.1016/j.
injury.2011.08.005

56. Salášek M, Pavelka T, Křen J, Weisová D, Jansová 
M. Miniinvazivní stabilizace poranění zadního 

Christodoulou E et al. Sacral fractures in young and elderly patients. 
One fracture, two different clinical identities with many treatment options



78 acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 72  |  ISSUE 1  |  JANUARY - MARCH 2021

pánevního segmentu transiliakálním vnitřním 
fiátorem a dvěma iliosakrálními šrouby: srovnání 
funkčních výsledků [Minimally invasive stabiliza-
tion of posterior pelvic ring injuries with a transili-
ac internal fixator and two iliosacral screws: com-
parison of outcome]. Acta Chir Orthop Traumatol 
Cech. 2015;82(1):41-47.

57. Schildhauer TA, Bellabarba C, Nork SE, Barei 
DP, Routt ML Jr, Chapman JR. Decompression 
and lumbopelvic fixation for sacral fracture-dis-
locations with spino-pelvic dissociation. J Orthop 
Trauma. 2006;20(7):447-457. doi:10.1097/00005131-
200608000-00001

58. Jones CB, Sietsema DL, Hoffmann MF. Can lum-
bopelvic fixation salvage unstable complex sacral 
fractures?. Clin Orthop Relat Res. 2012;470(8):2132-
2141. doi:10.1007/s11999-012-2273-z

59. Burns CB, Dua K, Trasolini NA, Komatsu DE, Barsi 
JM. Biomechanical Comparison of Spinopelvic Fix-
ation Constructs: Iliac Screw Versus S2-Alar-Iliac 
Screw. Spine Deform. 2016;4(1):10-15. doi:10.1016/j.
jspd.2015.07.008

60. Van Loon P, Kuhn S, Hofmann A, Hessmann MH, 
Rommens PM. Radiological analysis, operative 
management and functional outcome of open 
book pelvic lesions: a 13-year cohort study. In-
jury. 2011;42(10):1012-1019. doi:10.1016/j.inju-
ry.2010.11.057

61. Rommens PM, Hofmann A. Comprehensive clas-
sification of fragility fractures of the pelvic ring: 

Recommendations for surgical treatment. In-
jury. 2013;44(12):1733-1744. doi:10.1016/j.inju-
ry.2013.06.023

62. Schroeder GD, Kurd MF, Kepler CK, et al. The 
Development of a Universally Accepted Sacral 
Fracture Classification: A Survey of AOSpine and 
AOTrauma Members. Global Spine J. 2016;6(7):686-
694. doi:10.1055/s-0036-1580611

63. Lehman RA Jr, Kang DG, Bellabarba C. A new 
classification for complex lumbosacral inju-
ries. Spine J. 2012;12(7):612-628. doi:10.1016/j.
spinee.2012.01.009

64. El Dafrawy MH, Shafiq B, Vaswani R, Osgood GM, 
Hasenboehler EA, Kebaish KM. Minimally Inva-
sive Fixation for Spinopelvic Dissociation: Percu-
taneous Triangular Osteosynthesis with S2 Alar-Il-
iac and Iliosacral Screws: A Case Report. JBJS 
Case Connect. 2019;9(4):e0119. doi:10.2106/JBJS.
CC.19.00119

65. Mohd Asihin MA, Bajuri MY, Ahmad AR, Ganai-
san PK, Fazir M, Salim AA. Spinopelvic Fixation 
Supplemented With Gullwing Plate for Multipla-
nar Sacral Fracture With Spinopelvic Dissociation: 
A Case Series With Short Term Follow Up. Front 
Surg. 2019;6:42. Published 2019 Jul 19. doi:10.3389/
fsurg.2019.00042

66. Koshimune K, Ito Y, Sugimoto Y, et al. Minimally 
Invasive Spinopelvic Fixation for Unstable Bilater-
al Sacral Fractures. Clin Spine Surg. 2016;29(3):124-
127. doi:10.1097/BSD.0000000000000090

Christodoulou E, Christodoulou A, Kafchitsas K. Sacral fractures in young and 
elderly patients. One fracture, two different clinical identities with many treatment 
options. Acta Orthop Trauma Hell 2021; 72(1): 66-78.

reAdy - MAde
citAtion

Christodoulou E et al. Sacral fractures in young and elderly patients. 
One fracture, two different clinical identities with many treatment options


