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ABSTRACT

Keywords:
Fragility fracture The constant rise in fragility fractures is proportional to the con-
Osteoporotic fractures stant rise in life expectancy. Treatment of fragility fractures can be
ORIF challenging because of severe fractures, poor bone quality, signif-
Geriatric trauma icant co-morbidities, and reduced mobility. However, new surgical
techniques and implants have been developed that address these
challenges and show improvement in overall patient outcomes.
This review addresses general considerations including nonsur-
gical and surgical treatments of fractures as well as treatment of
specific fragility fractures of the extremities. Based on these find-
ings, this chapter gives treatment recommendations for a selection
of common geriatric fractures. The aim of treating fragility frac-
tures is on the early mobilization to prevent complications such as
pneumonia. However, the patient's general situation should be
taken into consideration while recommending appropriate treat-

ment strategies.
© 2019 Elsevier Ltd. All rights reserved.

Introduction

Fractures in the elderly are a constantly rising challenge in orthopedic surgery. The incidence and
prevalence of fractures in the elderly is rising proportionately with the constant increase in life ex-
pectancy [1,2]. With increasing age, the risk of osteoporosis or osteopenia [3] rises, even though this

* Corresponding author.
E-mail addresses: Sascha.Halvachizadeh@usz.ch (S. Halvachizadeh), Henrik.Teuber@usz.ch (H. Teuber), Hans-Christoph.
Pape@usz.ch (H.-C. Pape), Florin.Allemann@usz.ch (F. Allemann).

https://doi.org/10.1016/j.berh.2019.03.018
1521-6942/© 2019 Elsevier Ltd. All rights reserved.


mailto:Sascha.Halvachizadeh@usz.ch
mailto:Henrik.Teuber@usz.ch
mailto:Hans-Christoph.Pape@usz.ch
mailto:Hans-Christoph.Pape@usz.ch
mailto:Florin.Allemann@usz.ch
http://crossmark.crossref.org/dialog/?doi=10.1016/j.berh.2019.03.018&domain=pdf
www.sciencedirect.com/science/journal/15216942
http://www.elsevierhealth.com/berh
https://doi.org/10.1016/j.berh.2019.03.018
https://doi.org/10.1016/j.berh.2019.03.018
https://doi.org/10.1016/j.berh.2019.03.018

S. Halvachizadeh et al. / Best Practice & Research Clinical Rheumatology 33 (2019) 264—-277 265

risk is mitigated by the concomitant rise of body mass index in the geriatric population [4]. Obesity is
associated with its own set of complications that may differ from those in osteoporosis [5]. Osteopo-
rosis is a systemic disease that leads to loss of bone mineral content that weakens the bone, particularly
in cancellous bone where the bone cannot compensate with an increase in cortical thickness as in
diaphyseal bone [6,7]. The decreased bone quality is believed to be the result of an imbalance in
osteoblast and osteoclast functions [8]. There are multiple pharmacologic options available to support
osteogenesis or inhibit osteoclast function [9—11], but these have, to date, shown only limited success
in the treatment of osteoporosis [ 12]. Consequently, fragility fractures are globally still rising with a rise
in the incidence of hip fractures of 22% expected in Europe and the United States by 2040 [13].

From an orthopedic perspective, the challenges in treating osteoporotic fractures center around the
stability of fracture fixation and prevention of secondary loss of fixation because of decreased bone
mass [14,15]. Another important issue is the possibility of impaired fracture healing [16]. Age, possible
impaired healing capacity, and decreased fracture fixation stability due to reduced bone mass chal-
lenge orthopedic surgeons to find a balance between minimally invasive and restrictive surgery versus
high stability and early functional mobility.

This review focuses on recent developments in the geriatric treatment of ankle fractures as well as
fractures around the elbow and knee, as the other commonly fractured periarticular regions have
recently been reviewed [17]. In addition, we review the current state of augmentation techniques in
fracture fixation.

General principles in fracture care of the elderly
Nonoperative treatment: casts and braces

Depending on soft tissue status, concomitant injuries, and comorbidities, nonoperative treatment is
an option in various fractures. There are no absolute indications, and choosing conservative treatment
should be made on an individual basis. Generally, the decision for nonoperative treatment is based on the
stability of the fracture and is independent of bone quality [18]. Guidelines for initiating nonoperative
treatment include stable fractures, unstable fractures after satisfactory reduction, or an initial attempt in
borderline cases [ 18]. We recommend regular clinical and radiological follow up with x-rays after one and
six weeks, as well as after three months. Conservative treatment usually involves immobilizing or suf-
ficiently stabilizing the involved joint for 6-weeks [19]. An ever-increasing array of casting options and
commercially braces is available. Modern casting techniques and improved bracing allow for light-
weight-bearing, stable, and removable immobilization devices (e.g., VACOped) that improve mobility
and reduce complications, such as pressure sores [20]. Further, modern braces with mobile joints that
allow for early functional treatment are gaining traction and play an especially valuable role in the
geriatric population where lengthened immobilization leads to poor outcomes [21]. This is especially true
for the elbow, where every effort should be made to begin early functional motion.

Nonoperative treatment in the geriatric population provides many advantages, especially when the
risks of surgery are high or the activity and mobility of the patient are very low. Limitations of
nonoperative treatment include insufficient stability resulting in secondary displacement of the
fracture. Another potential disadvantage revolves around patient compliance. The patient should have
adequate mental and physical health for weight-bearing and mobilization as directed, while
completing activities of daily living (with access to adequate domestic support) despite the handicap
produced by the cast or brace. Finally, nonoperative treatment in the elderly is associated with
decreased mobility with higher risk of associated morbidities as a result [22]. Table 1 summarizes our
recommendations for cast immobilization in the elderly.

Locked plating in the elderly
Modern locked plates have been studied since the 1990s. They were introduced as a possible fix-

ation technique for weakened cancellous bone and since then have been proven to be an invaluable
treatment option for osteoporotic fractures, with several advantageous properties relative to
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Table 1
Recommendations for nonsurgical treatment of fractures in the elderly.
Patient specific Examples
Patient refuses surgery informed consent denied
Informed consent not obtainable delirium, dementia
Patient medically unfit for surgery cardiopulmonary co-morbidities, poor soft tissues, poor peripheral vascular

status, pre-existing immobility

conventional plating techniques [23]. The variable angles of metaphyseal screws that lock to the plate
fixate bone regardless of its quality. Further, risk of plate and screws loosening is lower than in con-
ventional plating, especially in osteoporotic bone [24,25]. Additionally, locking plates, as opposed to
conventional plates, offer the advantage of stabilizing fractures without the need to compress the bone
to the plate. This allows for improved vascularization and perfusion, and therefore, healing of the
underlying bone. For the locking plate to achieve maximal fracture stability, a certain degree of stability
in the bone should be guaranteed. Because the bone-implant interface is significantly diminished in
osteoporotic bone, the potential for insufficient fixation is quite high. However, augmentation tech-
niques can be utilized to strengthen the bone-implant interface, thereby increasing stability and screw-
fixation in osteoporotic bone [26,27]. Disadvantages to locked plating are primarily attributable to the
high rigidity of the construct. The mismatch between the highly rigid construct of the plate and screws
and the low rigidity of osteoporotic bone produces a stress-riser that can lead to peri-implant fractures
in up to 2.6% of cases [17]. Further, high stiffness minimizes micromotion at the level of the fracture,
thereby inhibiting secondary fracture healing that can lead to high levels of nonunion. Modified locking
plate constructs, such as far cortical locking plates, have been developed to reduce stiffness while
maintaining the advantages of locked plating [28].

Intramedullary nails

Intramedullary nailing also has several advantages. They provide a less invasive operative technique
with a resulting decrease in soft tissue damage. Nailing provides good stability even in cases of
comminuted fractures and severe osteoporosis while maintaining fracture elasticity. Finally, nailing is
associated with reduced operating time [29].

The minimally invasive nature of nailing preserves blood supply, fracture hematoma, and sur-
rounding soft tissues of fractured bone that may improve fracture healing [30,31].

Prior to nailing, a decision of whether to ream or not to ream must be made. Reamed nailing allows
for larger diameter nails and may therefore provide greater stability at the price of higher fat embo-
lization rates [32,33]. The embolic effects of reaming have been studied in a sheep model. This effect
could be minimized using an RIA-System (reamer, irrigator, and aspirator), a reamer that simulta-
neously irrigates and removes intramedullary debris as it reams [34].

Like locked plating, intramedullary nails show limited fixation strength in metaphyseal osteo-
porotic fractures. Insufficient nail interlocking in low bone density is associated with insufficient
fracture fixation [35]. Attempts to improve fixation stability with augmentation, with the use of
interlocking blades instead of screws, or with the use of angle stable locking screws have shown
improved stability [36—38].

Bone augmentation techniques

Augmentation serves to increase the stability of bone structure to fixate the fracture and reduce
pain or to provide a more stable anchor to enhance screw and plate fixation. Over three decades ago,
bone augmentation was first described when polymethyl methacrylate (PMMA) cement was injected
into vertebral bodies to treat vertebral hemangiomas [39]. This was the precursor to vertebroplasty for
the treatment of osteoporotic vertebral compression fractures. Since then, augmentation techniques
have been evaluated in numerous orthopedic subspecialties, including recent use in symptomatic non-
unions of the calcaneus [26,40—42].
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Pechon et al. investigated in a cadaveric model whether pullout strength of stripped screws in
osteoporotic bone could be increased. They showed significantly higher pullout strength after
augmenting the bone with stainless steel wire [43]. This has also been shown in screw augmentation
with cement [26,27,40,44,45]. Today, PMMA screw augmentation is commonly used in spine surgery
as well as in fractures of metaphyseal bone [26,40—42]. However, more research is needed to fully
evaluate the role of bone augmentation. For example, the effect of augmentation on fracture healing
is unknown, and there have been no studies investigating the effect of cement augmentation in ankle
surgery.

PMMA

PMMA is a polymerized methyl ester of methacrylic acid. It has been successfully implemented in
the treatment of various osteoporotic fractures, and is the standard of care in the surgical treatment of
osteoporotic vertebral compression fractures [46,47]. PMMA is also used in the treatment of long-bone
defects as described by Masquelet [48].

However, controversy over its use remains because of possible complications [49] including, but not
limited to, thermal damage from the exothermic reaction, inability to remodel, inhibition of fracture
healing, and difficulties in subsequent removal [41].

Hydroxyapatite

The mineral component of bone and teeth has been used as a prosthetic aid and in the prevention
and treatment of osteoporosis {National Center for Biotechnology Information. https://pubchem.ncbi.
nlm.nih.gov/compound/14781 (accessed Nov. 20, 2017)}. It was described as an excellent
osteoconductive scaffold for bone ingrowth by Bucholz et al., in 1989 [50]. In more recent studies,
hydroxyapatite is being evaluated as a regulator for calcium homeostasis and inducer of bone for-
mation [40,44,45].

Specific fracture care in the elderly
Ankle fractures

The rate of ankle fractures in the geriatric population is increasing and is associated with poor
outcomes [51]. They are the third most common fracture in the elderly population, accounting for
approximately 10% of all fractures in this population [52]. These fractures provide a unique
challenge in fracture care because of significant morbidity associated with surgery in this patient
population.

Casting

Surgical complications are primarily due to poor fracture fixation of osteoporotic bone and sig-
nificant risks of poor wound healing or infection due to poor soft tissue or vascular status. For this
reason, nonoperative treatment is often considered even in unstable fracture patterns. This includes
immobilization with a cast or ankle-foot orthosis, usually for no more than 6 weeks [19]. However,
casting in unstable fractures is associated with nonunion, secondary loss of reduction, malunion,
pressure sores, and pain [53]. A Cochrane Review from 2012 based on 292 patients across 3 clinical
trials assessing conservative vs. surgical treatment in adults could not make a recommendation
because of insufficient clinical data [54]. However, at 7-year follow-up, there was no difference in the
rate of ankle arthritis. Adequate thromboembolic prophylaxis is recommended during partial weight-
bearing [55]. Should surgical treatment be necessary, several newer fracture fixation options are
available that address poor bone and soft tissue quality (see Table 2 and 3).

One third tubular plate

This is the most commonly used option in the surgical treatment of lateral malleolus fractures. The
plate serves as the standard in most studies examining fractures of the lateral malleolus [56—59]. It can
function as an antiglide plate when placed posterolaterally to prevent posterior and proximal
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Table 2
Contraindications for nonoperative treatment of fractures in the elderly.

Contraindications for Nonoperative Treatment

Open fractures
Neurovascular damage
Severe pain

Table 3
Summary of our recommendations in periarticular fracture treatment of the elderly.

Scenario Recommendation

Ankle fractures

Minimal displacement, maintained joint congruency, stable fracture, vascular Casting
disease, other co-morbidities that contraindicate surgery
Low demand patients with domestic support Casting

Casting or external fixation followed
by ORIF or CRIF with plate or nail
depending on soft tissue status

Severe soft tissue swelling

Poor soft tissues
Fracture with acute neurovascular compromise
Open injury, severe pain, unstable fracture, intraarticular displacement,

Casting or CRIF with nail
ORIF
ORIF or CRIF with nail

secondary dislocation
Elbow fractures
Olecranon fractures Tension band wiring
Locked plating in severely
comminuted fractures
Distal humerus fractures ORIF
highly complex distal humerus fractures in older, low demanding patients Consider total elbow arthroplasty
Knee fractures
Medically unfit for surgery,
Denied informed consent for surgical treatment
Primary surgical treatment ORIF
Pre-existing osteoarthritis TKR
Isolated intraarticular distal femur fractures with destruction of the joint
Frail patient unable to partial weight-bearing
High risk of post-traumatic arthritis

Nonoperative treatment

displacement of the distal fragment. Additionally, the plate can function as a neutralization plate when
combined with a lag screw, which may be inserted through the plate [18,19]. It remains the preferred
treatment option in fracture fixation of the elderly if the fracture is not majorly comminuted and bone
quality is sufficient.

Locked plating of the fibula

In osteoporotic bone, or in comminuted fractures of the fibula as in pronation-abduction injuries
common in the elderly [59], locked bridge plating provides an alternative to conventional plating of the
fibula. They can provide superior fracture fixation and stability over conventional AO plating tech-
niques, especially when bone quality is poor [60,61]. It should therefore be considered in osteoporotic
fragility fractures, especially in comminuted fractures.

Current evidence for management of geriatric ankle fractures

In a recent large randomized clinical trial, Willett et al. investigated 6-month outcomes after close
contact casting versus ppen reduction internal fixation (ORIF) for initial treatment of unstable ankle
fractures in the elderly [62]. Patients without serious concomitant disease or vascular disease of the
limb were randomly assigned either to close contact casting (n = 311) or ORIF (n = 309) group. In the
casting group, treatment was based on nonweight-bearing or toe touch weight-bearing for 4 weeks
with transition to full weight-bearing after 6—8 weeks and close radiographic follow-up to assess for
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loss of reduction. Due to secondary loss of reduction, 19% of patients in the casting group switched to
surgery. After 6 months, the Olerud—Molander ankle score was determined, along with quality of life,
pain, range of motion, and complications. The study showed no significant difference in functional
outcome or secondary outcome measures. Infections were more common in the surgery group (10% vs.
1%), while malunion (15% vs. 3%) was higher in the casting group. The authors conclude that close
contact casting may be an adequate treatment modality even in unstable ankle fractures usually
reserved for surgical treatment.

Intramedullary nailing has been investigated for use in fractures of the ankle in the elderly. In a
prospective randomized controlled trial, White et al. investigated the one-year outcome of a fibular
nailing versus standard plating in fibular fractures with or without syndesmotic lesions [63]. Fifty
patients each were randomly assigned to the fibular nail group or the ORIF group. The latter group was
treated according to AO/OTA guidelines with a one-third tubular neutralization plate with or without a
lag screw. Both groups were treated postoperatively with full weight-bearing as tolerated in a synthetic
cast postoperatively. At one-year follow-up, they showed similar functional outcomes with no sig-
nificant difference in the Olerud— Molander ankle score [64]| and the numeric analogue scale [1-10].
The group treated with the fibular nail suffered with significantly fewer wound infections. The authors
conclude similar functional outcomes with less wound complications in the nail group. The surgical
treatment of ankle fractures has not fundamentally changed since the 1960s; the advent of nailing
provides an exciting alternative in the geriatric population with marginal soft tissues.

Special indication in the frail, multimorbid geriatric patient: the calcaneotalotibial nail

An additional option in unstable ankle fractures of the frail elderly patient is closed reduction and
internal fixation by ankle arthrodesis with a calcaneotalotibial nail. A major advantage is immediate
full weight-bearing postoperatively. Al Namari et al. investigated 48 frail, elderly patients with a dis-
placed ankle fracture [65]. The patient group had a mean age of 82 years, was 85% female, and had
mean ASA score of 3 or 4. All patients had multiple comorbidities and were only minimally mobile,
with all patients requiring walking aids. Surgery was performed using a retrograde T2 Femoral Nailing
System from Stryker; there was no intention to remove the nail unless necessary. Complications
include infection (superficial 2%, deep 4%), distal screw loosening (6% of cases), valgus malunion (4%),
and 1 below knee amputation in a case of severe peripheral vascular disease. There were no cases of
nonunion, hardware failure, or peri-prosthetic fracture.

Another option in the frail patient is the short-retrograde calcaneotalotibial nail. It was investigated
by Jonas et al. [58] in 31 consecutively treated patients. There were no cases of nonunion or infection,
but 10% of patients suffered peri-prosthetic fractures and two nails failed within 2 years post-
operatively. All patients returned to a similar level of mobility postoperatively. Peri-prosthetic fracture
rates may be reduced by using a longer nail. The low rate of infection, high rate of union, and immediate
full weight-bearing postoperatively suggest that closed reduction and calcaneotalotibial arthrodesis
are viable options in the low-demand elderly patient.

Practice points

e The aim of treating ankle fractures should be early mobilization
e When plating, take poor bone quality into consideration and use locking-compression plates
e Take calcaneotalotibial nail into consideration in frail, multimorbid geriatric patients

Elbow fractures

Fractures in the elderly occur most often after a low-energy fall from standing height. Determining
the incidence of falls is very difficult and potentially underestimated [66]. After fractures of the hip, the
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most commonly fractured region in the elderly is the upper extremity. Palvanen et al. studied the injury
mechanisms of osteoporotic upper extremity fractures in older adults and compared these mecha-
nisms with control fallers. Their aim was to obtain insight into the etiology and pathogenesis of upper
extremity fractures [67]. They studied 112 patients with fresh fractures of the proximal humerus, 65
patients with an elbow fracture, 110 patients with a wrist fracture, and 108 controls (no fracture or
nonupper extremity fracture). The patients were older than 50 years at the time of accident, and the
injury occurred due to low-energy trauma. Most patients who suffered an elbow fracture reported an
oblique forward fall (38%) or a fall to the side (26%). Most of the fractures occurred outdoors (57%), and
the main activity was walking straight ahead. The best possible functional outcome should be aimed
for especially when treating fractures of the elbow [68]. Coupled to that are much lower incidences of
postoperative complications due to generally superior soft tissue and vascular status when for example
compared to geriatric fractures of the ankles. This is offset slightly by the increased risk of iatrogenic
neurovascular damage.

Casting

Nonoperative treatment often results in loss of motion due to prolonged immobilization [69,70]. We
generally do not recommend immobilizing the elbow for greater than 14 days and therefore focus on
treatment that allows early functional aftercare.

We generally recommend surgical treatment of the distal humerus and olecranon fractures as they
are often displaced, intraarticular, and/or comminuted with casting associated with poor functional
outcomes [69]. This is especially true in olecranon fractures where even in nondisplaced fractures the
pull of the triceps tendon often secondarily displaces the fracture [71]. Conservative treatment should
be reserved for nondisplaced fractures in patients unfit for surgery. Immobilization should be mini-
mized and a switch to a hinged brace should be considered as early as possible.

Tension band wiring of the olecranon

Olecranon fractures account for approximately 10% of all upper extremity fractures [68]. Primary
treatment goals are anatomical reconstruction of the joint and early functional aftercare. Weber and
Vasey first described tension band wiring in 1963 [72]. In the simple fractures without comminution of
the osteochondral bone, it remains the standard of care and should be the treatment of choice
regardless of the level of osteoporosis [68,73,74].

Plating of the olecranon

In comminuted fractures of the olecranon, bridge plating becomes the treatment modality of choice.
Many studies have evaluated various bridge plate designs, either locking or nonlocking. No major
differences in fixation strength in comminuted fractures between locking and nonlocking plates have
been observed, even in osteoporotic bone [75]. Recent trends have shown a general shift of olecranon
fracture fixation toward plating even in simple fractures. Recent biomechanical studies have shown
increased fracture compression with compression plating techniques over tension band wiring as
tension bands show, contrary to common belief, only minimal dynamic compression of the sub-
chondral cortex [76].

Plating of distal humerus fractures

Fractures of the distal humerus account for 30% of elbow fractures. Although they are relatively rare,
an increased incidence of these fractures has been noted in the geriatric population. Due to their
complex articular anatomy, fractures of the distal humerus can be challenging to treat. Plating fractures
of the distal humerus remains the standard surgical treatment [77,78]. The most important goal in
surgical treatment is the stabile anatomic reconstruction of the articular surface as well as sufficient
stability to allow early functional motion [18,19]. Thinner, well-contoured double locking plates that
bridge or buttress distal humeral fractures have become the standard of care because they show
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significant biomechanical advantages [79]. The question of plating location has been further evaluated
in recent years. The AO recommends a medial and lateral plate separated by 180°. The Mayo Clinic
recommends orthogonal plating with one plate placed dorsally and another medially or laterally. The
Korosec group developed a less invasive approach that applies both plates dorsally to minimize surgical
exposure. Few clinical studies exist to compare the options. A prospective randomized trial by Lee et al.
compared orthogonal and parallel plating methods to treat distal humerus fractures [80]. At short- and
long-term follow-up, no significant differences in radiologic or clinical outcomes including compli-
cation rates were shown. Several biomechanical studies have been done with differing results. A recent
study by Bogataj et al. showed that in fractures with persisting diastasis between main fracture frag-
ments, i.e., in significantly comminuted fractures, the parallel plate configuration showed the highest
overall stability, followed by the perpendicular and dorsal Korosec configurations. If no diastasis is
present, no significant differences in fixation stability between plate configurations were found [81].
Another retrospective clinical study by Korner et al. investigated the clinical outcome after ORIF in
patients with a mean age of 73 years [82]. The results were good to excellent. Immobilization of no
more than 14 days was recommended. Screw loosening and implant failure were the most common
complications. Biz et al. investigated the radiologic and functional outcome of 51 elderly patients who
underwent ORIF with dual pre-contoured locking plates in a retrospective study [83]. They showed
satisfactory clinical and functional outcomes even in octogenarian patients (>85 years) with complex
fractures. However, in maximally comminuted fractures (AO Type 13-C3), an average extension deficit
of 24° and flexion deficit of 26° was shown. Such a significant loss of range of motion suggests the need
for further investigation in Type C3 fractures.

Pre-contoured double locked plating remains the standard in distal humerus fractures. No signif-
icant difference in fracture fixation seems to exist between differing options for plate positioning. We
recommend basing the choice of plate positioning on fracture pattern and surgeon preference.

Total elbow arthroplasty (TEA)

On a case-by-case basis, TEA serves as an alternative treatment option for severe fractures of the
distal humerus. Evidence with respect to proper patient selection, complication rates, and functional
outcomes varies in the literature [84—89]. Most significantly, long-term outcomes of TEA are unknown.
In a landmark trial from Barco et al., the first long-term 10-year study results for TEA were published
this year. They showed an overall revision rate of 18%. However, revision in patients without rheu-
matoid arthritis was only 8% at 10-year follow-up [90]. These results may suggest a promising future for
TEA in the treatment of severe fractures of the elbow. Overall, however, many studies with differing
outcomes and treatment recommendations have been conducted. Definitive guidelines on which to
recommend TEA therefore remain elusive and show the necessity for further investigation.

ORIF versus TEA

Biz et al. and others have shown that functional outcomes in maximally comminuted and possibly
nonreconstructable elbow fractures are poor. TEA may ultimately prove to be a viable and even
preferred option in the frail, geriatric patient. In a retrospective review, Frankle et al. summarized and
compared the Mayo Elbow Performance score of 24 patients with severe distal humerus fractures (AO
Type 13-C2 or 3) [84]. Half of the patients were assigned to ORIF and half of them to total elbow
arthroplasty. After a mean follow up of 45 months (TEA) and 57 months (ORIF), the mean Mayo Elbow
Performance score was 95 in the TEA group and 81 in the ORIF group, with a lower complication rate in
the TEA group. These findings are supported by the results of McKee et al. [89].

In a retrospective study, Medvedev et al. discuss predictive factors to identify risk factors associated
with postoperative complications while comparing ORIF and TEA [91]. Clinical complications were
generally low in both groups, with bleeding requiring transfusion being the most common compli-
cation. ASA class 3 or 4 was the most significant predictive factor for the risk of postoperative com-
plications. At 30-day follow up, significant differences in morbidity, mortality as well as complication
rates between ORIF and TEA were not observed.

Due to significant risk of complication and still largely unknown long-term outcomes, the use of TEA
should only be considered on a case by case basis in severe fractures of frail, older patients with low
functional demands [90,92]. However, there is promising and ever-increasing evidence to suggest that
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TEA offers a viable treatment option in severe fractures of the distal humerus. If the fractured elbow
consists of acceptable bone quality, is not severely comminuted, and the patient is physiologically
younger, then ORIF is recommended.

Practice points

e Aim for minimal immobilization time of the upper extremity
e The patient's usual activities of daily living define the degree of movement needed

Treating elbow fractures in the elderly patient presents multiple challenges due to complex
anatomy and risks of poor functional outcomes primarily due to loss in range of motion.

Knee fractures

Fractures of the knee include the distal femur, proximal tibia/tibia plateau, proximal fibula, and
patella. In an epidemiologic review of adult fractures, Court-Brown and Caesar showed a total fracture
rate of 1.2% for the proximal tibia, 1% for the patella, and 0.4% for the distal femur [1]. However, fracture
rates around the knee rise sharply in the elderly population, with 86% of distal femur fractures
occurring in patients more than 70 years of age. They therefore comprise an important aspect of
fragility fracture care.

Conservative treatment

Nonsurgical treatment should only be considered in nondisplaced fractures of patients that can
ambulate, and where early functional treatment of the knee can be performed. This is due to poor
functional outcomes associated with long periods of knee immobilization [93,94].

Plating

Locked bridge plating techniques are the standard of care for osteoporotic fractures of both the
distal femur and proximal tibia. Several newer techniques have been developed to reduce post-
operative complications.

While technically demanding, minimally invasive percutaneous plate osteosynthesis is a valid
option to reduce postoperative morbidity associated with standard surgical exposure in the geriatric
population [95]. In some cases of proximal tibial fractures, hybrid locked plating can grant additional
stability by using conventional screws to add a buttress fixation component, while minimizing screw
pullout through use of locking screws in the rest of the plate. This hybrid technique was described by
Gardner et al. using a large fragment locking compression plate [96]. The regions of highest cancellous
bone density in the proximal tibia are found posterolaterally and posteromedially [97]. This should be
taken into consideration when planning screw fixation. In tibial plateau fractures, it is essential to
stabilize each column [98] to prevent secondary loss of reduction. If further fixation stability is
necessary, augmentation with PMMA has been shown to decrease cut-out in biomechanical models of
both distal femoral and proximal tibial fractures [99,100].

ORIF vs. immediate total knee replacement (TKR) in periarticular fractures of the knee

In 2012, Bohm et al. reviewed whether osteoporotic fractures about the knee should be treated by
ORIF or immediate TKR [101]. Since TKR after unsuccessful ORIF is challenging, the choice of oper-
ative treatment can be difficult. ORIF is still the preferred operative treatment of choice in most
fractures of the distal femur and proximal tibia. When choosing ORIF, every attempt to maintain the
joint surface should be made to prevent symptomatic posttraumatic arthritis that may necessitate
future TKR [102].
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Challenges of ORIF in osteoporotic bone include secondary loss of fixation, post-traumatic arthritis,
malunion/nonunion, as well as medical morbidity associated with postoperative immobilization
[103—105]. In severe osteoporotic fractures about the knee, especially with pre-existing osteoarthritis
and destruction of the joint surface, the threshold for treatment with primary TKR is lowered when
considering the postoperative complications of ORIF, especially if postoperative partial weight-bearing
is not possible [104—106]. Immediate TKR usually allows immediate postoperative weight-bearing as
tolerated and negates the risk of an additional surgery in the form of TKR to treat posttraumatic
arthritis. However, correlation between failed ORIF and clinical outcomes seems to be poor, and the
potential for symptomatic posttraumatic arthritis may not justify prophylactic TKR [107,108].

Practice points

e If surgical fixation is needed, ORIF through locked compression plating as standard treatment
is conducted

e Aim for early mobilization and early weight-bearing

e Primary TKR may be indicated in some periarticular fractures of the knee

Research agenda

This review highlights different treatment strategies of fragility fractures in the elderly. How-
ever, as this patient group represents a relatively new cohort, there is a high demand of well-
conducted clinical trials to define the optimal treatment for fractures in the elderly. Currently,
there is a lack of evidence in the indication for surgical treatment of fragility fractures, especially
with focus on functional outcome in general:

e Are there different indications for surgical treatment of fractures in the elderly compared to
standard recommendations?

e What characteristics determine the functional outcome and the subjective satisfaction of the
patient when treating a fracture nonsurgically versus surgically?

e Is there a correlation of cost-effectiveness functional outcome with the quality of life of the
patient after surgical treatment?

Next to the need of high-quality research assessing these general points, there still is need for
identification of the best treatment recommendation on specific fractures:

e Is the outcome after treatment of fractures around the elbow superior after total elbow
arthroplasty or after plate osteosynthesis

e Which patient specific factors influence the outcome comparing treatment of fractures
around the shoulder with shoulder prosthesis to osteosynthesis?

e Is the quality of life of elderly higher after surgical treatment of fragility fractures than after
nonsurgical treatment?

The main focus of future research should lie in the evaluation of the currently well-established
indications for surgical treatment of specific fractures in each anatomic location: Do these in-
dications differ in the geriatric trauma patient?
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Summary

The aim in treating fragility fractures in the elderly is early mobilization. With early mobilization,
the risk of complications such as pneumonia or thrombosis decreases. Further patients' needs and
expectations should be taken into consideration when treating fractures. The comorbidities of the
elderly as well as the soft tissue status may present as limiting factors when it comes to surgical
treatment of the fracture. Next to these factors, the quality of the bone presents a limiting factor of
surgical treatment. These limitations can be overcome by using LCP, cement augmented techniques, or
intramedullary nailing as appropriate.

While the aim of treating fractures of the lower extremities aims for appropriate and early weight-
bearing to mobilize the patient as soon as possible, treatment of fractures of the upper extremity
should include as little immobilization of the extremity as possible.
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