
INTRODUCTION

Fragility fractures of the pelvis (FFP) and fragility frac-
tures of the sacrum (FFS) occur primarily in the geriatric
population. The frequency of these injuries is increasing
secondary to an aging population and improved diagnostic
modalities1). Fragility fractures differ from their high ener-
gy counterparts due to osteoporotic bone in the elderly.
Because of the vast differences in the two populations, a sep-
arate classification system and treatment algorithm are need-
ed for FFP/FFS2,3).

Osteoporosis is defined as an age-related decrease in bone
mass leading to a disruption of the microarchitecture of bone.
The effects of this pathologic breakdown are potentially dev-
asting, resulting in up to 1.5 million osteoporotic fractures
each year4). In evaluation of patients for osteoporosis, a dual
energy X-ray absorptiometry t-score of <–2.5 is diagnos-
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tic. The fracture risk assessment score (FRAX) is another
tool used for calculation of the 10-year risk for major osteo-
porosis related fractures. Hip fractures commonly seen in
individuals 70 to 80 years old are one type of classic osteo-
porotic fracture predicted by the FRAX score5).

A study conducted by Sullivan et al.6) between 1993 and
2010 demonstrated that the annual incidence of tradition-
al hip fractures peaked in 1996. Of particular interest, the
incidence of hip fractures declined by 25.7% over the next
18 years, while the incidence of geriatric pelvic ring fractures
increased by 24%6). This trend was also documented in sev-
eral European countries during the same time period7-10).
According to the hypothesis presented by Kannus et al.7),
the increase in FFP is related to the longer life expectancy
and improved diagnostic imaging. With the increase in
FFP/FFS, understanding the differences in assessment and
treatment from the traditional high-energy pelvic fracture
is important.

FFP/FFS VERSUS HIGH ENERGY TRAUMA

Pelvic ring injuries typically occur in young patients as
a result of trauma. The likelihood of life-threatening hemor-
rhage and visceral injury due to displacement of fracture frag-
ments causing major soft tissue damage and physiological-
ly important blood loss is high in these patients11). In con-
trast, FFP/FFS are observed in the geriatric population with
low-energy mechanisms of injury. Falls from standing or
sitting height are common. Patients may describe a subacute
onset of pelvic or low back pain as they either do not recall
the injury or there was an accumulation of multiple small
events over time12). On evaluation, patients are typically on
bed rest with pain in the pelvic region and no life-threaten-
ing injuries. However, because slow bleeding can occur,
monitoring patients with FFP/FFS is important. There are
similarities as increased morbidity and mortality are observed
in low and high energy pelvic fractures. Death due to injury
is more likely to occur in patients who experience high ener-
gy pelvic trauma. However, for low energy pelvic fragili-
ty fractures, increased risk of mortality is associated with
lack of mobility secondary to pre-existing comorbidities.
Andrich et al.13) reported a significant increase in mortality
within eight months in patients with low energy pelvic ring
injuries. In a study reported by van Dijk et al.14), the one-,
five-, and ten-year mortality in patients over 60 years old
with isolated pubic ramus fracture was 24.7%, 64.4%, and
93.8%, respectively. Up to one-third of the deaths were the
result of cardiovascular events, a 25 times increased risk

over matched controls. Findings of these studies highlight
the significance of FFP and the effect of comorbidities on
morbidity and mortality14).

PATHOPHYSIOLOGY OF FFP/FFS

Although bone loss does not occur uniformly in an osteo-
porotic pelvis, it occurs with a consistent pattern. Wagner
et al.15) reported that excessive bone loss is typically observed
at both sacral ala lateral to the foramina and in the sacral
bodies at the transition from S1 to S2 and from S2 to S3.
Complete loss of bone mass in the sacral ala, described as
a sacral void, was demonstrated in a subset of patients15).
The most common fracture pattern for FFS is the H-type
(bilateral vertical components with a horizontal component),
followed by unilateral vertical, and then bilateral vertical
fractures. In these injuries the vertical component occurs
along the lateral sacral ala, sparing the neural foramina16).

As opposed to low-energy FFP/FFS caused by gradual
collapse or “implosion” with progressive loss of stability,
high energy pelvic fractures typically present as an eruption
of energy within the pelvis, causing significant instability.
The history of FFP/FFS typically involves a low energy fall
resulting in a pubic ramus fracture, which is treated conser-
vatively. Over time, with recurrent falls or increased mobi-
lization, development of new fractures can occur in the ante-
rior or posterior pelvis leading to progressive instability
(Fig. 1). Continual micro-motion of the fragments is creat-
ed by the combination of increasing rigidity of the ligamen-
tous complex around the osteoporotic bone and unstable
bony structure. With this unique pathology bone resorption
is promoted, leading to complete destruction of the sacroili-
ac (SI) joints or pubic symphysis and eventual pelvic col-
lapse17).

DIAGNOSIS AND CLASSIFICATION OF FFP/FFS

A comprehensive classification for FFP/FFS based on
245 patients aged >65 years was described by Rommens
and Hofmann2). The system is based on standard anterior-
posterior, inlet, and outlet radiographs, as well as a comput-
ed tomography (CT) scan of the pelvis3). Two major criteria
are utilized for the classification: stability of the pelvic ring
broken down into four categories and the location of the
instability.

FFP type I fractures, indicated by slight instability in the
anterior pelvis, account for 17.5% of fractures. Type Ia includes
unilateral pubic ramus fractures and type Ib bilateral pubic
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rami fractures. With involvement of the posterior pelvic ring
in over 80% of cases of FFP/FFS, evaluation using CT is
crucial for appropriate classification of fractures. Detection
of occult fractures of the posterior pelvis may require use
of magnetic resonance imaging (MRI)3). MRI is highly sen-
sitive to marrow abnormalities surrounding the fracture line
and is useful for identification of occult, nondisplaced frac-
tures of the posterior pelvis, especially in patients with osteo-
porotic bone18-20).

FFP type II fractures, classified as moderate instability,
are characterized by nondisplaced posterior pelvic ring frac-
tures and account for 50% of cases of FFP. Type IIa fractures
are nondisplaced fractures of the posterior pelvis without
an anterior pelvic ring fracture, type IIb fractures involve a
crush zone in the sacral ala with anterior pelvic ring frac-
ture, and type IIc involve a nondisplaced sacral, SI, or iliac
fractures with associated anterior pelvic ring fracture. Of
particular importance, the behavior of FFP/FFS is differ-
ent from that of high energy pelvic ring fracture, and the ring
is not always disrupted in two places.

FFP type III fractures which account for 10% of these
injuries, are characterized by unilateral displacement of the
posterior pelvis with associated anterior pelvic ring fracture.
Despite subtle displacement of the fracture, FFP type III are
associated with a high level of instability. Type IIIa is a frac-
ture that occurs through the ilium, type IIIb is a fracture that
occurs through the SI joint, and type IIIc is a fracture that
occurs through the sacrum, all with associated anterior pelvic
ring fractures. Although nondisplaced fractures of the pos-
terior pelvis without anterior pelvic ring fracture have been
reported (type IIa), unilateral posterior pelvic displacement
without an associated anterior pelvic ring fracture has rarely
been reported in the literature and is extremely uncom-
mon21,22).

The highest level of instability is associated with FFP
type IV fractures, which account for 20% of these injuries.
Type IV fractures are described as bilateral displaced pos-
terior pelvic ring fractures with or without associated ante-
rior pelvic ring fractures. Type IVa are bilateral ilium frac-
tures, type IVb are H-type sacral fractures (with spinopelvic

FFiigg..  11.. Patient is an 87-year-old female who presented to the emergency department after a ground level fall. She was diagnosed
with right minimally displaced superior and inferior pubic ramus fractures (AA), and a nondisplaced right Zone 1 sacral ala
fracture (BB) representing a type IIc fracture. Patient was able to ambulate with assistive device and was discharged home the
same day. Patient presented seven weeks after the injury with worsening pain and inability to ambulate. Radiographs
demonstrate further displacement of right superior and inferior pubic rami fractures with delayed union and right sacral ala
fracture (CC); computed tomography scan demonstrates displaced bilateral Zone 1 sacral alar fractures (DD) representing a
type IVc fracture. Patient was subsequently taken to the operating room for percutaneous bilateral S1 iliosacral screws, S2
trans-sacral-trans-iliac screws, and superior pubic ramus open reduction internal fixation (EE).
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dissociation), and type IVc are described as any combina-
tion of injuries not described by type IVa or IVb. With all
cases of FFP, progression of stable fracture patterns to more
unstable injuries can occur23). In an assessment of the relia-
bility of the classification system proposed by Rommens
and Hofmann2), Krappinger et al.24) found that overall reli-
ability was acceptable. However, relatively poor reliability
was reported for classification of FFP involving complete
nondisplaced or displaced sacral fractures and conduct of
future studies to address this issue will be needed24).

TREATMENT OPTIONS

Treatment of patients with FFP/FFS by a team of orthope-
dic surgeons, geriatricians, internists, pain management spe-
cialists, and physical therapists ensures the best opportunity
for recovery and results in decreased length of stay and lower
mortality rates25). Mitigating potential negative effects of
comorbidities is invaluable in the effort to optimize these
patients for mobilization. A study reported by van Dijk et
al.14) demonstrated that long-term immobilization (median
10 days) of patients with FFP resulted in a complication rate
of 20.2%.

The treatment algorithm proposed by Rommens et al.26),
which ranges from non-operative to operative, focuses on
preserving stability. Conservative management including
pain control and early mobilization should be attempted
first for FFP type I and type II. Percutaneous fixation may
be beneficial in cases where conservative management fails.
The focus of operative fixation should be on minimally inva-
sive stabilization, with less importance placed on anatom-
ic reduction. Osterhoff et al.27) reported that early fixation
of patients who were not able to mobilize within three to
five days resulted in a higher complication rate and mortal-
ity at one year, but better long-term survival after two years,
suggesting that a patient’s life expectancy may be an impor-
tant consideration. Percutaneous fixation is favored for min-
imally displaced FFP type III fractures with open reduction
and internal fixation (ORIF) reserved for displaced injuries.
FFP type IV fractures should be stabilized in the same man-
ner, but with bilateral fixation of the pelvic ring.

Although numerous strategies for treatment of FFP have
been proposed, there is a lack of quality evidence compar-
ing the outcomes of various fixation techniques for FFP22).
In a recent systematic review by Wilson et al.22), 17 studies
including 766 patients were analyzed; of these, 463 patients
underwent operative management. Only one randomized
control trial (RCT) and three retrospective studies with non-

operative comparator groups were identified; all of these
studies were hampered by significant bias. Nevertheless,
the authors did report significant improvement in pain and
mobility with percutaneous stabilization of the posterior
pelvic ring; however, anterior fixation was often absent or
performed using variable techniques when present. Wilson
et al.22) also noted that operative stabilization of FFP should
be considered after 48 hours of failed conservative manage-
ment in order to avoid morbidity associated with immobil-
ity; however, conduct of more high-quality comparative stud-
ies is required before definitive conclusions and recommen-
dations can be provided.

1. Conservative Treatment

Non-operative treatment should consist of a short period
of bed rest, pain control, and early mobilization as tolerated.
Mobilization should begin with bed mobility and progress
to ambulation28). Diagnostic testing should be repeated after
mobilization in order to evaluate for further displacement and
possible need for surgical stabilization. Conservative man-
agement is considered a failure if pain is unbearable upon
attempts by the patient to ambulate (Fig. 2). Unfortunately,
data for evaluation of the outcomes of conservative man-
agement is limited; however, new studies are emerging. In
a recent study reported in 2021, Rommens et al.29) conduct-
ed a retrospective comparison of operative vs. conservative
management for FFP types II, III, and IV in 238 patients;
100 of these patients received conservative treatment. The
study concluded that operative treatment of FFP resulted
in lower mortality rates (P<0.001), although longer length
of stay (P<0.001) and more in hospital complications
(P=0.006) were observed in the operative group29). Patients
in the non-operative group had greater mobility and inde-
pendence at discharge (P<0.001); however, comparable
quality of life was observed between the groups29).

In addition, mixed results have been obtained with the
use of anabolic agents such as parathyroid hormone (PTH)
for conservative treatment of osteoporotic FFP30-32). A sys-
tematic review including five RCTs conducted by Moon et
al.30) reported on the use of PTH on bone-healing in osteo-
porotic hip and pelvis fractures. The authors concluded that
although the rate of treatment failure was lower in the PTH
group than in the control group (placebo), the difference
was not statistically significant, citing a lack of evidence to
confirm the efficacy of PTH in treatment of FFP30). In addi-
tion, a RCT conducted by Nieves et al. comparing treatment
of FFP with PTH versus placebo reported no evidence of
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improved healing by CT or pain reduction; however, a statis-
tically significant improvement of physical performance with
PTH, but not placebo, was noted31). Moreover, the use of PTH
versus placebo for treatment of FFP was also assessed in
a retrospective, case-controlled study of 41 patients conduct-
ed by Yoo et al.32). The authors concluded that there was a
statistically significant improvement in mobilization time
as well as fracture healing upon treatment with PTH ver-
sus placebo32). Thus, conduct of further studies investigat-
ing the use of PTH for conservative treatment of FFP in osteo-
porotic patients is needed in order to determine its efficacy.

2. Operative Treatment

1) Posterior stabilization procedures
(1) Iliosacral screw osteosynthesis
Iliosacral (IS) screw osteosynthesis is the technique used

most commonly in treatment of SI joint dislocations and
sacral fractures in high-energy pelvic trauma; however, it
is also used in treatment of FFP33,34). Percutaneous IS screw
fixation, which is minimally invasive, is performed using
cannulated 6.5- to 8-mm screws inserted from the outer cor-
tex of the posterior ilium in the direction of the body of S1
or S2. IS screws have an orientation that is perpendicular
to the SI joint for SI dislocations, and perpendicular to the
fracture line in sacral ala fractures34). In a study reported in
2004, van Zwienen et al.35) demonstrated that insertion of
two IS screws in the S1-S1 or S1-S2 configuration provides
additional posterior stability when compared to use of one
IS screw. Wagner et al.15) demonstrated that the highest
bone mineral density was observed in sacral bodies, thus
IS screws should pass through the midline of the sacrum.
Long screws that reach the opposite sacral ala should be
used in order to prevent screw loosening36). The presence

FFiigg..  22.. Patient is an 80-year-old female who presented to the emergency department after a ground-level fall and inability to
ambulate due to pain. Patient was discharged after negative radiographs (AA). A computed tomography of the pelvis was
ordered the following day by the patient’s primary care provider which demonstrated a right non-displaced Zone 2 sacrum
fracture and a left minimally displaced Zone 2 sacral fracture (fragility fractures of the pelvis type IIA) (BB). With continued
inability to ambulate the patient was taken to the operating room for bilateral S1 trans-sacral-trans-iliac partially threaded
percutaneous screw fixation with fully-threaded S2 trans-sacral-trans-iliac percutaneous screw fixation. Intraoperative
pelvic inlet fluoroscopy (CC) and postoperative radiograph (DD) demonstrate well placed hardware stabilizing the posterior
pelvic ring. Patient was able to ambulate with physical therapy postoperative day 1 and was subsequently discharged home.
At first follow-up three weeks later, patient was ambulating without assistive device.
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of dysmorphic sacra and reduced size of the S2 corridor
compared to S1 can complicate optimal positioning of IS
screws34). Use of combined percutaneous IS screws with
cement augmentation to increase screw pull out strength
and decrease postoperative pain has been described in some
studies; however, conduct of long-term follow-up studies is
needed before the procedure can become standardized37-40).
In a study conducted in 10 human cadavers, Suero et al.41)

demonstrated that a single cement-augmented cannulated
IS screw provides stability similar to that of non-cement-
augmented double IS screws. A novel procedure using
balloon guided cement augmentation of IS screws recently
showed promising preliminary data in eight patients, with
elimination of cement leakage into the sacrum after injec-
tion42). Although not tested in vivo, the use of screw-in-screw
fixation, consisting of a 7.3-mm cannulated SI screw and
a 2.7-mm locking-head screw at a 15。set angle, has been
reported to provide greater stability than a SI screw and
prevent screw cutout in nine artificial pelvises43).

(2) Sacroplasty
Sacroplasty involves percutaneous injection of polymethyl

methacrylate (PMMA) cement into the sacral trabecular
bone to augment FFS by reducing painful micromotion at
the fracture site44). Indications for the procedure include bone
bruising in the sacrum indicating the onset of trabecular
bone fracture. In a meta-analysis conducted by Chandra et
al.45) which included 664 patients who underwent sacroplas-
ty for treatment of sacral insufficiency fractures secondary
to osteoporosis, the authors concluded that sacroplasty is
safe and effective for pain relief in patients with osteoporot-
ic sacral fractures with statistically significant improvement
in visual analogue scale scores for pain up to 12 months45).
To guide the application of PMMA and minimize the risk
of cement leakage through fracture lines with subsequent
nerve impaction, a classification system for identification
of cortical break and fracture morphology in the sacral bone
associated with the greatest risk of cement leakage was
proposed by Bakker et al.46). Due to the likelihood of cement
leakage, sacroplasty should be avoided in complete sacral
fractures. Balloon-assisted sacroplasty, an emerging tech-
nique, has been reported to alleviate pain and minimize
cement leakage in sacral insufficiency fractures and may
be of use in the future47,48).

(3) Transsacral bar osteosynthesis
Transsacral bar osteosynthesis is indicated for treatment

of unilateral or bilateral sacral ala fractures. A 6-mm bar is

inserted through the posterior ilium and SI joint and advanced
through the center of the S1 vertebral body to the opposite
posterior ilium49). Compression across the fracture is achieved
by tightening of washers and nuts at both ends of the bar
against the posterior ilium. CT-guided preoperative analy-
sis of fracture morphology and transsacral corridor dimen-
sions is crucial due to the high variation of sacral anatomy
among individuals49). A few studies analyzing the use of
transsacral bar osteosynthesis for treatment of FFS have
been reported; favorable outcomes for patients were demon-
strated in all of these studies50-53). In a recent study conduct-
ed by Wagner et al.54), the use of available space in the sacrum
for virtual implants was evaluated; the results showed that
S2 more consistently offers space for transsacral implants
compared to S1; however, conduct of further studies is need-
ed in order to validate these findings in vivo54).

(4) Transiliac bridging osteosynthesis
Transiliac bridging osteosynthesis, which connects the

left and right posterior ilium posterior to the sacrum, is indi-
cated in treatment of mono- or bilateral sacral insufficiency
fractures55). The plate functions as a tension-band construct
across the sacrum. Two vertical incisions are made at the
posterosuperior iliac spine, and the plate is contoured to the
anatomy of the posterior ilium. A sub-fascial tunnel is cre-
ated towards the contralateral spine and the plate is slid
through the tunnel. The plate is fixed with cortical screws
in each iliac wing. Higher fixation stiffness in the posterior
pelvic ring can be obtained with the use of angled plates com-
pared with non-angled plates56,57). The risk of iatrogenic neu-
rovascular lesions is low since the plate is tunneled poste-
rior to the sacrum; however, limited reduction potential, dif-
ficulty contouring the plate, and higher rates of symptomatic
hardware have been reported57).

(5) Transiliac internal fixation
Transiliac internal fixation is an alternative treatment for

unilateral osteoporotic sacral fractures located in the cen-
tral, transforaminal, or alar region of the sacrum58). Pedicle
screws (maximum length 120 mm) are inserted in a cranio-
caudal direction in the posterior ilium 1-2 cm cranial to the
posterior superior iliac spine (PSIS) or in a posterior-ante-
rior direction from the PSIS to the anterior inferior iliac spine
(AIIS) and connected with a transverse rod58). Cement aug-
mentation is an option for improving the stability of the
implant in osteoporotic bone59). Stability of this technique
in treatment of high energy pelvic trauma has been reported;
however, few studies regarding treatment of FFP have been
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reported in the literature60).

(6) Lumbopelvic fixation
Lumbopelvic fixation is indicated for treatment of dis-

placed and unstable injuries such as U- or H-type fractures
of the sacrum (type IVb) by connecting the lumbar spine to
the posterior ilium61). A 6-mm pedicle screw is inserted into
L4-L5 and another 6-mm pedicle screw is inserted into the
PSIS directed toward the AIIS with a longitudinal rod con-
necting the pedicle screws62). The left and right longitudi-
nal rods are connected using a transverse connecting rod.
The procedure can be performed percutaneously with use
of subcutaneous tunnels for the connecting bars; however,
ORIF may be required for highly unstable fractures.
Combination of lumbopelvic fixation with IS screws forms
a “triangular osteosynthesis” to address multiplanar insta-
bilities usually observed in high-energy pelvic trauma62).
Unfortunately, literature evaluating the use of this tech-
nique for treatment of FFP is limited63,64).

2) Anterior stabilization procedures
Posterior pelvic ring fractures are normally accompanied

by anterior pelvic ring fractures. Instability in the anterior
fracture and strain on the posterior fixation can result from
fixation of a posterior ring fracture without concurrent fix-
ation of an anterior ring fracture.

(1) External fixation
External fixation is used for temporary stabilization of

high energy pelvic ring fractures; however, it has been report-
ed to result in higher rates of complication when used in
treatment of FFP26,65). Fixation time is longer when used for
FFP compared to pelvic ring fractures in younger adults,
increasing the risk of infection. Overall range of motion is
restricted and osteoporotic bone in FFP increases the risk
of pin loosening. As a result, surgeons have trended away
from external fixation for treatment of FFP.

(2) Internal fixation
Indications for internal fixation include unstable unilateral

or bilateral pubic rami fractures isolated or combined with
posterior pelvic fractures. Bilateral screws are inserted from
the AIISs to the PSISs using a curved rod, connected to both
screw heads, inserted subcutaneously over the anterior
pelvis66). Complications including femoral nerve palsy and
damage to the lateral femoral cutaneous nerve have been
reported67-69).

(3) Retrograde transpubic screw
Superior pubic rami fractures or anterior column acetabu-

lar fractures are indications for retrograde transpubic screw
fixation70). The corridor of the anterior column passes medi-
ally and superiorly to the acetabulum and runs from the ante-
rior cortex near the pubic tubercle to the external cortex of
the ilium above the acetabulum70). Solid or cannulated screws
can be placed percutaneously in the corridor for stabilization
of the fracture26,70,71). A biomechanical analysis of artificial
pelvises conducted by Lodde et al.72) found that retrograde
transpubic screw fixation is an adequate and minimally inva-
sive technique for treatment of superior pubic ramus frac-
tures.

(4) Plate osteosynthesis
Plate osteosynthesis, which provides the strongest mechan-

ical fixation for pelvic bone, is best indicated for pure liga-
mentous disruptions of the pubic symphysis or parasym-
physeal fractures66). The technique is performed using a trans-
verse suprapubic Pfannenstiel incision or vertical midline
incision. The modified Stoppa approach can be used for the
majority of anterior pelvic ring fractures66). Small fragment
curved plates are used with the longest-possible screw tra-
jectories in order to obtain good purchase17,66). Double plate
osteosynthesis is recommended for chronic instabilities or
bone defects and is associated with a lower rate and later onset
of screw loosening compared to single plate osteosynthe-
sis26,73).

CONCLUSION

Incidence of FFP/FFS has increased significantly due to
both an aging population and improved diagnostic modal-
ities. Evaluation and treatment of these patients differ sig-
nificantly from that of high-energy pelvic ring injuries typ-
ically seen in younger patients. Because stable injury pat-
terns often progress to more unstable pelvic ring injuries,
appropriate classification, monitoring, and treatment of these
patients is important. Non-operative management is often
considered first and should focus on early mobility. Operative
fixation should focus on stabilization of the minimally inva-
sive pelvic ring in order to facilitate early mobilization and
avoid complications that can arise from comorbidities asso-
ciated with immobility. Further high-quality comparative lit-
erature is needed before optimal treatment criteria can become
standardized.
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