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a b s t r a c t

Severe osteoporosis is classified as those with a bone mineral density (BMD) T-score of �2.5 or lower, and
demonstrate one or more of osteoporotic, low-trauma, fragility fractures. According to the general
principle of surgical approach, patients with severe osteoporosis require not only more thorough pre-
and postoperative treatment plans, but improvements in surgical fixtures and techniques such as the
concept of a locking plate to prevent bone deformity and maximizing the blood flow to the fracture site
by using a minimally invasive plate osteosynthesis. Arthroplasty is often performed in cases of displaced
femoral neck fracture. Otherwise internal fixation for the goal of bone union is the generally accepted
option for intertrochanteric, subtrochanteric, and femoral shaft fractures. Most of osteoporotic spine
fracture is stable compression fracture, but vertebroplasty or kyphoplasty may be performed some se-
lective patients. If neurological paralysis, severe spinal instability, or kyphotic deformity occurs, open
decompression or fusion surgery may be considered. In order to overcome shortcomings of the World
Health Organization definition of osteoporosis, we proposed a concept of ‘advanced severe osteoporosis,’
which is defined by the presence of proximal femur fragility fracture or two or more fragility fractures in
addition to BMD T-score of �2.5 or less. In conclusion, we need more meticulous approach for surgical
treatment of severe osteoporosis who had fragility fracture. In cases of advanced severe osteoporosis, we
recommend more aggressive managements using parathyroid hormone and receptor activator of nuclear
factor kappa-B ligand monoclonal antibody.
© 2017 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As per the diagnostic criteria given by the World Health Orga-
nization (WHO), as well as most domestic and international
guidelines, patients with severe osteoporosis are classified as those
with a bone mineral density (BMD) T-score of �2.5 or lower, and
demonstrate one or more of osteoporotic, low-trauma, fragility
fractures [1,2]. The T-score guideline of �2.5 was established based
on prevalence of osteoporosis and BMD obtained from the spine,
femur, and wrist, when the WHO presented the diagnostic criteria
for osteoporosis in 1994 [2]. In other words, a T-score of �2.5 in the
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femoral neck represents a 16% probability of a femur fracture
occurring during one's lifetime, as well as a 30% probability of a
fracture occurring in either the spine, femur, or wrist [2]. However,
the context of classifying osteoporosis using this criterion, severe or
established osteoporosis is interpreted as diagnosis based on the
general concept of a fragility fractureda phenomenon that is a
common result of pre-existing osteoporosisdin addition to using
the�2.5 T-score as a cutoff value. Osteoporosis related fractures can
cause significant morbidity and disability, reducing the quality of
life, and can even lead to death in severe cases. If hip fracture oc-
curs, 20%e30% of patients die within 1 year [3,4]. Furthermore, 40%
of patients are unable to walk independently, and 60% have diffi-
culty with at least one essential activity of daily living 1 year after
hip fracture [4]. The presence of fragility fractures has a clinically
significant implication for subsequent fractures. Patients with a
vertebral fracture are at about 3e5 fold higher risk for another
vertebral fracture within the following year than those without
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fracture [5,6]. According to former review article for medical
treatment of severe osteoporosis, Choi et al. [7] recommend se-
lective estrogen receptor modulators (SERMs), bisphosphonates,
receptor activator of nuclear factor kappa-B ligand (RANKL)
monoclonal antibody, and parathyroid hormone (PTH) for the
medical treatment of severe osteoporosis, based on the clinical
trials and post hoc analyses.

In this topic review, we are going to figure out the general
principle and current trend for surgical treatment of severe oste-
oporosis including postoperative management. We also discuss the
limitations of the current WHO definition of severe osteoporosis
and proposed a concept of ‘advanced severe osteoporosis’ to pro-
vide a more accurate assessment of the disease and allow more
proactive managements.
2. Surgical treatment of severe osteoporosis

2.1. General principle

Cases of osteoporosis accompanied by fracture often require
surgical treatments, and the challenges facing such surgical treat-
ments include difficulties in achieving firm and stable fixation. In
particular, many cases now require more aggressive forms of sur-
gery due to fractures occurring in elderly patients with a clearly
diminished ability to regenerate bone and fracture or refracture in
patients with weak bone strength due to reduced BMD and bone
quality. However, resurgery for osteoporotic fracture is often
required due to malunion or nonunion from failed fixation caused
by implant loosening or cut outs when attempting fixation using a
metal plate and screws on thinned bone cortex and hollow bony
trabecula. Therefore, the surgical approach for patients with severe
osteoporosis requires not only more thorough pre- and post-
operative treatment plans, but improvements in surgical fixtures
and techniques as well. Consequently, efforts should be made to
achieve successful surgical outcomes through various novel ap-
proaches, including, the use of different techniques, such as treat-
ments using the concept of a locking plate to prevent bone
deformity due to screw loosening and maximizing the blood flow
Fig. 1. The concept of minimally invasive plate osteosynthesis (MIPO). MIPO technique app
to the fracture site by using a minimally invasive plate osteosyn-
thesis (MIPO) [8] (Fig. 1).

The major fracture sites of osteoporosis are spine, hip, proximal
humerus, and distal radius. When describing the surgical principle,
the fracture of the vertebrae and the around joint are completely
different. The general principle of joint around fracture is very
similar compared to vertebral fracture. In this review, the vertebral
and hip fractures are described as the most common and serious
osteoporotic fracture.
2.2. Hip fracture

Osteoporotic hip fractures among the elderly often involve
existing medical diseases, and these cases also face a high risk of
medical complications during the surgical treatment process.
Therefore, in cases where surgical treatment is unavoidable, thor-
ough pre- and postoperative precautions against medical issues are
required. The general principle and goal of surgical treatment is to
allow the patient to recover as much independent function as
possible by achieving firm internal fixation in the early stages, or to
perform arthroplasty according to the fracture pattern, whereby
early movement and gait could be enabled along with rehabilita-
tion therapy. Through such processes, postoperative medical
complications can be minimized as well. Osteoporotic proximal hip
fractures can be classified as femur neck, intertrochanteric, and
subtrochanteric fractures based on the anatomical location of the
fracture, while distal fractures include the femoral shaft and
diaphyseal fracture (Fig. 2A). Arthroplasty is often performed in
cases of displaced femoral neck fracture and minimally displaced
femoral neck fracture with high risk of internal fixation failure due
to severe osteoporosis (Fig. 2B). Although some surgeons may
choose arthroplasty as a surgical treatment for intertrochanteric
fractures, internal fixation for the goal of bone union is the gener-
ally accepted option for intertrochanteric, subtrochanteric, and
femoral shaft fractures. The biggest problem associated with in-
ternal fixation on osteoporotic hip fracture is that firm internal
fixation is difficult to achieve due to reduced bone quality and
strength, which also increases the risk of fracture reduction loss,
lied periprosthetic fracture at distal femur with minimal incision and biologic fixation.



Fig. 2. (A) Intertrochanteric fracture with intramedullary nail. (B) Femur neck fracture
with bipolar arthroplasty.
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nonunion, and the failure and fracture of the internal fixture (even
after internal fixation). Accordingly, there have been various recent
attempts to stabilize internal fixation and improve fracture healing
through advances in internal fixtures, development of surgical
techniques, and methods that facilitate additional fracture healing.
The biggest change involves a transition from the concept of fixa-
tion with absolute stability achieved by traditional anatomical
reduction through soft tissue detachment and compression of bone
fragments to a new concept of biologic fixation with relative sta-
bility achieved by indirect reduction of the fracture while mini-
mizing bone and soft tissue damage during internal fixation. For
intertrochanteric, subtrochanteric, and femoral shaft fractures,
which are proximal hip fractures, the method often performed is an
internal fixation that uses intramedullary nail that can minimize
soft tissue damage while offering the greater biomechanical
advantage thanmetal plates [9e11]. If necessary, this procedure can
be performed together with autologous bone grafting or augmen-
tation using bone cement or other bone substitutes.When selecting
a metal plate for internal fixation of either a subtrochanteric or
femoral shaft fracture accompanied by osteoporosis, the metal
plate with locking screws would be recommended. Furthermore,
MIPO that can minimize soft tissue detachment should be used to
increase bone union rate by using long plate for sufficient working
length, while also reducing the frequency of adverse events, such as
re-fracture and infection [9e11].

2.3. Spine fracture

Most of osteoporotic spine fracture is stable compression frac-
ture that can be treated conservatively. Treatment goals for osteo-
porotic spine fracture can be achieved as early ambulation and
prevention of refracture through aggressive pain control and sta-
bilization of the fractured vertebral body. In general, initial treat-
ment involves short-term bed rest, aggressive administration of
analgesics, use of assistive devices such as brace, physical therapy
and exercise program [12,13]. If severe pain or a high vertebral
compression rate progresses for 2e3 weeks despite such initial
conservative treatment, vertebroplasty or kyphoplasty may be
performed some selective patients [14,15]. If neurological paralysis,
severe spinal instability, or kyphotic deformity occurs, open
decompression or fusion surgery may be considered [14]. Verte-
broplasty involves using a bone marrow biopsy needle on the
symptomatic vertebral body, under local anesthesia, to inject bone
cement through the vertebral pedicle for the purpose of stabilizing
the vertebral body and eliminating pain [16]. Kyphoplasty uses a
balloon that inflates inside the vertebral body to inject the cement,
which offers the advantages of preventing cement leakage and
correcting kyphotic deformity in some cases [17]. Although its
necessity is currently being disputed, these percutaneous vertebral
augmentations are being used in selective cases because it repre-
sents a minimally invasive approach for treating osteoporotic
vertebral fracture with severe pain, while also offering the advan-
tages of pain relief and early ambulation (Fig. 3) [16,18,19]. Open
surgery is performed in cases with neurological deficit or severe
deformity. Although it has the advantages of enabling recovery of
neurological paralysis and the correction of deformity from osteo-
porotic spinal fracture, decisions should bemade carefully since the
possibility of complications such as metal loosening, nonunion due
to poor vertebral bone quality, and the prevalence of underlying
medical diseases in patients. Therefore, thorough preoperative
preparation and appropriate surgical techniques are required,
while diligent postoperative treatment is also needed to ensure
favorable outcomes (Fig. 4) [20,21].

Concerning about spinal instrumentation for fracture and
deformity, pedicle screw fixation was key role for stability and
correction. In the osteoporotic spine, pedicle screw fixation is
highly correlated with the BMD [22]. In order to enhance the fix-
ation stability at osteoporotic spine surgery, surgeons need a sys-
tematic approach with meticulous preoperative planning, careful
intraoperative procedure and detail postoperative management. A
couple of principle to reduce stress on bone implant interface are
extensive release for the deformity, avoiding forceful reduction,
adding anterior structural graft, good sagittal balance and avoiding
to increase strain at spinal transition zone. Meticulous insertion
technique such as preservation of dorsal cortex at hole, untapping
of hole, anterior cortex penetration and proper screw trajectory are
important [23e25]. The pedicle screw design and augmentation
can also affect the fixation stability. The screw with larger diameter
and expandable shape has some advantage for pullout strength
[26]. Themost commonmethod for vertebral body augmentation is
adding with bone cement [27,28]. The other techniques for
augmentation are multiple point fixations with bone graft, addi-
tional laminar hook or sublaminar wire and additional poly-
ethylene tape [29]. Postoperative management with brace and
medication can enhance the bone union [30].

3. Postoperative treatment of severe osteoporosis

Elderly patients with osteoporotic hip fractures are known to



Fig. 3. Percutaneous vertebroplasty (A) and kyphoplasty (B).

J.H. Kim et al. / Osteoporosis and Sarcopenia 3 (2017) 164e169 167
possess about a 9% probability of a second hip fracture on the
contralateral side, with a high probability of such fractures
occurring within the first 3 years [31,32]. Another serious prob-
lem is the fact that the mortality rate of these patients increases
up to 30% within 1 year. Therefore, in cases involving patients
who suffered osteoporotic fractures for the first time, aggressive
treatment for osteoporosis must be combined with surgical
treatment to prevent additional osteoporotic fractures [33e37].
When an osteoporotic fracture occurs in a patient who was
already taking bisphosphonate, drug compliance to bisphospho-
nate must be assessed. If compliance is poor, the cause of low
compliance must be analyzed so that a different mode of
bisphosphonate may be administered or patients can be educated
to increase their compliance. If there are no problems with
compliance to bisphosphonate, drug action may be insufficient,
for which, a switch to denosumab may be considered. Consid-
ering that bisphosphonates are excreted by the kidneys, it is a
general rule not to use them for estimated glomerular filtration
rate <30e35 mL/min. Denosumabs may be prescribed since they
do not have specific effects on kidney functions, but caution
should be taken since they can exacerbate hypocalcemia. Another
point to consider when dealing with patients who suffered an
atypical femoral fracture (AFF) is that such fractures may occur
bilaterally on both sides in approximately 30%e40% patients, and
thus, the contralateral side must be checked for suspected lesions.
Moreover, if there is pain and cortical hypertrophy, together with
a distinct dreadful black line on the lateral cortex on a radiograph,
hot spots on bone scan, or fracture line on magnetic resonance
imaging, then preventative internal fixation using intramedullary
nail must be performed before a complete fracture occurs [38].
With respect to selecting the right drug for osteoporosis,
bisphosphonate, denosumab, SERM, and PTH may be used if the
spinal BMD serves as an indication for osteoporosis treatment. In
cases with BMD in the hip being the indication for osteoporosis
treatment, bisphosphonate (excluding ibandronate) and denosu-
mab may be used. In cases involving patients who were taking
bisphosphonate without having a continued risk of osteoporotic
fracture as mentioned above (oral administration for 5 years or
more or annual IV administration for 3 years or more), a
drug holiday is recommended for those taking bisphosphonate,
where if spinal BMD corresponds to osteoporosis, switching to
denosumab, SERM, or PTH may be considered [34e36]. For
patients in the high-risk group for osteoporotic fracture,
continued management is needed to prevent osteoporotic frac-
ture, but more research is needed in regard to the appropriate
medication use.



Fig. 4. Open reconstructive surgery for osteoporotic kyphotic deformity. (A) Preoper-
ative x-ray showed multiple osteoporotic fracture with kyphotic deformity. (B) Post-
operative x-ray showed deformity correction with pedicle subtraction osteotomy and
long level fusion with meticulous pedicle screw insertion.
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4. Advanced severe osteoporosis

As shown, the incidence of severe osteoporosis has steadily
increased in the aging society, while its pattern has become more
diverse. There have been recent changes in new clinical environ-
ments due to demographic and epidemiological changes in osteo-
porosis based on increased average lifespan in the past 20 years.
This means that an emergence of new forms of fractures in
superaged patients, such as AFF, recurrent, multiple, and peri-
prosthetic fractures that are recognized as a phenomenon associ-
ated with osteoporosis. The increases in the spectrum of more
serious osteoporotic diseases acts as a risk factor for new fractures,
and thus, it is difficult to broadly apply the general concept of se-
vere osteoporosis [39]. Moreover, new approaches are also needed
since the elderly population, aged 65 years and older, include both
individuals who are in relatively good health with few accompa-
nying diseases, as well as those with various chronic comorbidities
[40]. Particularly in cases of hip fractures, accompanying diseases
have a direct impact on fragility fractures and patient impairment.
Being diagnosed with three or more accompanying diseases also
has an impact on mortality rate. Thus, they represent a key pre-
operative risk factor [41]. With such issues being raised, some have
claimed that severe osteoporosis should be defined as having two
or more fragility fractures regardless of BMD value, in addition to
the existing criteria of a T-score of �2.5 or below with one or more
of osteoporotic, low-traumatic, fragility fractures [42]. Because of
such problems with the diagnostic criteria for osteoporosis, in-
creases in the number of patients with severe osteoporosis, and
significant differences in age, BMD, and frequency of fracture
among patients with severe osteoporosis due to rapidly aging so-
ciety, new treatment strategies and approaches have become
necessary. This has also led to the need for new guidelines that
include changes in treatmentmodalities and reestablishment of the
concept of severe osteoporosis. Therefore, the concept of severe
osteoporosis should be subcategorized, so that more severe forms
of severe osteoporosis may be classified as advanced severe oste-
oporosis. Accordingly, it is suggested that advanced severe osteo-
porosis be defined as “the presence of proximal femur fragility
fracture or two or more fragility fractures in addition to BMD T-
score of - 2.5 or less.” This new definition is based on consideration
of expert opinions and the number of fractures and fracture areas
reported by some studies, in addition to the existing definition of
severe osteoporosis based on age, BMD value, and fracture status. It
is also proposed that regarding the number of fractures, two or
more fractures would be required for fractures in areas other than
the spine and femur, whereas a femoral fracture may be included
within the range of advanced severe osteoporosis even if it
occurred as a single fracture.

In addition to general (lifestyle therapy) and drug treatment
guidelines, treatment of such severe and advanced severe osteo-
porosis would require additional treatment guidelines, including,
recommendations for early postoperative ambulation after fracture
fixation (surgery) is needed depending on the indication and area
where the fracture has occurred. Furthermore, patients need
additional strategies for preventing refractures and more liberal
drug therapy. With respect to prevention of refractures, once a
fracture occurs, the risk of another fracture occurring is extremely
high, regardless of BMD. Moreover, since recurrent fractures have
poor treatment outcomes and increase the mortality rate, treat-
ment of osteoporosis in response to this and prevention of falls
becomes important. Thus, aggressive treatment is needed to pre-
vent additional fractures by simultaneously increasing BMD (bone
mass) and improving microstructure (bone quality) after the
treatment for the initial fracture. Review of treatment guidelines
from countries outside of Korea shows the most guidelines for se-
vere osteoporosis are based on the recommended usage of drug for
treatment rather than recommending treatment based on the
severity of the disease or the patients' characteristics. The reason
why such insufficient guideline has been attributed to the lack of a
more specialized concept. However, because changes in treatment
guidelines are still needed despite such lacking, recommendations
are being made mostly based on therapeutic drugs.
5. Summary

Accordingly, overview of surgical treatment of severe osteopo-
rosis including new concept of advanced severe osteoporosis may
be presented as follows:

(1) If a fracture occurs, depending on the area and indication,
early postoperative ambulation after fracture fixation (sur-
gery) should be recommended to prevent death or medical
complications (pulmonary embolism, pneumonia, urinary
tract infections, decubitus ulcer, etc.).

(2) As drug therapy guidelines, for those with no history of
taking osteoporosis medications, bisphosphonate, SERM,
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RANKL monoclonal antibody, and the PTH are recommended
according to the general rules for drug therapy.

(3) The definition of severe osteoporosis given by the WHO as
having a BMD T-score of �2.5 or lower and having one or
more osteoporotic fracture. However, the aging society has
observed an increased number of patients with more serious
fractures, such as multiple fractures. As a subcategorizing
severe osteoporosis, advanced severe osteoporosis, which is
being newly adopted, will be limited to cases of patients with
the presence of proximal femur fragility fracture or two or
more fragility fractures in addition to BMD T-score of �2.5 or
less. For advanced severe osteoporosis or an insufficient
response to existing drug therapy, anabolic agent (PTH) or a
more effective bone resorption inhibitor (RANKL monoclonal
antibody or bisphosphonate) is recommended.
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