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KEY POINTS

! Osteoporosis is a predominant factor for low-energy distal radial fractures in the elderly.
! Distal radial fractures may be the first opportunity to evaluate and treat osteoporosis to reduce
the risk of future fragility fractures.

! Treatment may involve pharmacotherapy, closed reduction and splinting or casting, external
fixation, or open reduction and internal fixation.

! Published evidence supports favorable functional outcomes, regardless of the presence of
osteoporosis, after volar plate fixation of distal radial fragility fractures.

Although both conservative management and
surgical management have been reported to
be successful, current evidence and the most
recent American Academy of Orthopaedic Sur-
geons (AAOS) clinical guidelines comparing con-
servative and surgical treatment of distal radial
fragility fractures are inconclusive. Each treat-
ment method has its advantages: volar locking
plate fixation allows earlier mobilization than
casting, with better functional outcomes; Kirsch-
ner (K)-wire fixation can minimize the risk associ-
ated with open surgery; intramedullary fixation
increases fixation strength, prevents tendon irri-
tation, and speeds return to activity; and dorsal
distraction plating allows early weight-bearing
across the wrist. Treatment must be individual-
ized based on fracture pattern, patient age, ac-
tivity level, and osteoporosis severity.

Fractures caused by a low-energy mechanism
in patients with poor bone quality and osteopo-
rosis (fragility fractures) are a major health
concern for the elderly population, with more
than 1.5 million injuries occurring each year in
the United States.1 Osteoporosis is defined as
a bone mineral density (BMD) of less than 2.5
SDs of peak bone mass below a healthy
gender-matched young adult. In individuals
with osteoporosis, a fall from standing can result

in distal radial, proximal humeral, hip, and pelvic
fractures. Fragility fractures are associated with
significant morbidity and mortality and can
cause disability that can ultimately lead to a
loss of independence. The 1-year mortality after
a hip fracture is 20% in the elderly population,
and only 50% of hip fracture patients return to
their previous level of function.2,3 Although iso-
lated distal radial fractures can cause difficulty
in performing activities of daily living, they do
not seem associated with increased mortality.4

One study, however, found that women from
60 years to 79 years of age who had sustained
a fracture of the distal radius or proximal humer-
us had a relative risk of sustaining a future hip
fracture of 1.9, with the highest risk within the
first year after a fracture.5 A prospective cohort
study followed 113 patients for 4 years after sus-
taining a distal radial fracture and found that
24% experienced a subsequent fall and 19%
experienced a subsequent fracture during that
time.6,7 A distal radial fracture seems a fortunate
outcome in comparison to a hip fracture in a fall,
and it may serve as an early indicator for future
fragility fractures and morbidity.

Osteoporosis is a predominant factor for low-
energy distal radial fractures in the elderly and
should not be overlooked. Disruption of the
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balance between bone formation and resorption
leads to an age-related decrease in bone mass
and eventual osteoporosis. Decreased activity,
hormonal changes, and vitamin D and calcium
deficiency are factors that contribute to osteo-
porosis in the elderly. Patients with distal radial
fractures have been found to have an increased
level of bone turnover markers of formation
and resorption.1 Rozental and colleagues sug-
gested that these turnover markers may be help-
ful in predicting future fragility fractures in
premenopausal women. In a comparison of pa-
tients who were and were not receiving hormon-
al treatment, the risk of a distal radial fracture
was reduced by 33% in those who had hormonal
treatment for 10 years and by 63% in those who
used them for 15 years.8 The study also showed
that long-term hormonal therapy protected
bone loss and reduced the frequency of wrist
fractures. Hormonal therapy of less than 5 years
did not have a long-term protective effect, but
the study was under-powered to confirm this
result.

DEMOGRAPHICS OF AND RISK FACTORS
FOR DISTAL RADIAL FRACTURES

Distal radial fractures account for up to 18% of
all fractures in patients over 65 years of age.9

Risk factors include female gender, obesity,
frequent falls, white race, and diagnosis of oste-
oporosis.10 The prevalence of osteoporosis in
patients with distal radial fractures is high
compared with matched control subjects,
regardless of gender.11 A study from Canada
demonstrated that all participants older than
65 years of age were at moderate or high risk
for an osteoporotic fracture when using the frac-
ture risk assessment and Canadian Association
of Radiologists–Osteoporosis Canada risk
assessment tools.12 The investigators recom-
mended that these patients should be consid-
ered for pharmacotherapy.

Distal radial fractures often are the first clinical
sign of osteoporosis because they tend to occur
in younger patients compared with patients who
sustain hip fractures. Studies have shown that
patients who sustain distal radial fractures are
more likely to be fully cognizant and indepen-
dent, with effective neuromuscular control and
walking speeds, because they are able to reach
out and break their fall.13 Hip and proximal hu-
meral fractures, however, tend to occur in less
functional patients who are unable to break their
fall, resulting in impact on the shoulder or hip.
Current evidence suggests that osteoporosis
and poor BMD correlate with increasing severity

of the distal radial fractures, with more severe
fractures leading to early and late displacement,
late carpal malalignment, and malunion.14

DIAGNOSIS

Distal radial fractures also may be the first op-
portunity to evaluate and treat osteoporosis to
reduce the risk of future fragility fractures.1,15,16

A prospective, randomized controlled study
showed that initiation of an osteoporosis workup
by an orthopedic surgeon results in a statistically
significant increase in treatment compared with
referral to a primary care physician.1 Treatment
of osteoporosis should be initiated if it is a new
diagnosis.

Because distal radial fractures may be the
initial presentation of osteoporosis, the ability
to diagnose osteoporosis accurately using hand
and wrist radiographs would be helpful in expe-
diting referral and initiating treatment; however,
1 study found that digital hand radiographs had
poor accuracy compared with dual-energy x-ray
absorptiometry (DEXA) scans and had only fair
agreement in diagnosing osteoporosis.17

Another study demonstrated that the second
metacarpal cortical percentage calculated from
standard radiographs of the hand and wrist
may have a role in accurately screening for
osteopenia and osteoporosis.18 Hounsfield unit
measurements from distal radial CT scans also
have been reported to identify patients who
require further metabolic bone disease work-
up, referral, and initiation of osteoporosis treat-
ment19; however, it is difficult to justify the
higher radiation dose associated with CT imag-
ing and, therefore, it may not be practical in
the clinical setting. At the least, a simple obser-
vation of thinned distal radial cortices on plain
radiographs should prompt further evaluation
with DEXA and medical management, given
that the average radial bicortical thickness statis-
tically correlates with femoral bone density.20

TREATMENT
Medical Treatment
Medical treatment can include vitamin D, cal-
cium, bisphosphonate medications, and recom-
binant human parathyroid hormone (PTH), also
known as teriparatide.

The effect of bisphosphonates on healing af-
ter distal radial fractures has been investigated
because they often are used as the initial treat-
ment of osteoporosis by inhibiting osteoclasts
and decreasing bone resorption. One study
found that early initiation of bisphosphonate
treatment did not affect fracture healing or
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clinical outcomes of distal radial fractures.21 In
another study, patients receiving bisphospho-
nates at the time of sustaining a distal radial frac-
ture had clinical outcomes similar to patients
who were not receiving treatment.22

Bisphosphonates seem safe and can be
continued throughout nonsurgical treatment of
distal radial fractures without detrimental effects
on healing or function.

Teriparatide, a recombinant form of PTH,
contains the active terminal portion (1–34 amino
residues) and recently has been shown to in-
crease skeletal mass and bone strength and
augment healing.23–25 Teriparatide was Food
and Drug Administration approved in 2002 for
treatment of postmenopausal women and oste-
oporotic men who are at high risk of fracture.
Teriparatide is administered daily by subcutane-
ous injection; treatment duration of more than
2 years is not recommended during a patient’s
lifetime. The daily dosing schedule simulates
pulsatile PTH signaling, which leads to increased
bone formation. In contrast, continuous infusion
or constant PTH signaling would lead to bone
resorption. Complications of teriparatide treat-
ment include transient hypercalcemia, nausea,
and headaches. It is contraindicated in patients
with Paget disease and prior high radiation
exposure because of concerns for a possible
increased risk of osteosarcoma.26 The true effec-
tiveness of this medication in reducing fragility
fracture is only beginning to be studied. A
recent retrospective observational analysis
found teriparatide most effective at 6 months af-
ter initiation of treatment after any fragility frac-
ture, with a relative risk reduction still present at
2 years after discontinuation of treatment.27

Closed Reduction and Casting/Splinting
Nonoperative treatment can be considered for
distal radial fragility fractures that are minimally
displaced or are extra-articular and in which
acceptable radiographic alignment can be main-
tained with immobilization after closed reduc-
tion. Fractures in patients who may be unfit for
surgery, especially those with low functional de-
mands, also may be treated conservatively. The
benefits of closed treatment include minimizing
the risk of infection, anesthesia, and surgical
complications. Short-arm cast or splint immobili-
zation often is required for 6 weeks to 8 weeks,
with frequent follow-up to monitor for late
displacement, angulation, or subsidence that
can occur as a result of poor bone quality. One
study reported that closed treatment of distal
radial fractures in patients with osteoporosis in-
creases the risk of dorsal and radial tilt resulting

in malunion.28 Calcaneal BMD measurements
may have some benefit in identifying patients
at risk for severe malunion, but current evidence
does not suggest a correlation between func-
tional outcomes and BMD for conservatively
treated distal radial fractures.28,29 This may be
because maintenance of anatomic alignment
and reduction has not been shown to be essen-
tial for obtaining acceptable functional out-
comes. Gutiérrez-Monclus and colleagues30

found no significant correlation between accept-
able alignment (according to radiological pa-
rameters) and short-term or medium-term
functional outcomes in patients older than 60
with extra-articular distal radial fractures treated
conservatively.

Operative Treatment
Current evidence and the most recent AAOS
clinical guidelines comparing conservative and
surgical treatment of distal radial fragility frac-
tures are inconclusive and are limited by the
use of a variety of functional outcome scores
and an inability to compare a uniform fracture
characteristic among all studies. A systematic re-
view and meta-analysis did not demonstrate su-
perior clinical outcomes after operative
treatment in elderly patients with distal radial
fractures31; however, the review did demon-
strate that operative treatment can lead to bet-
ter radiographic outcomes and grip strength
compared with nonoperative treatment, despite
an increased risk of complications. Another sys-
tematic review showed similar functional out-
comes, using the Disabilities of the Arm,
Shoulder and Hand (DASH) score, between
operative and nonoperative treatment of distal
radial fractures in the elderly.32 A 2017 study
comparing open reduction and internal fixation
(ORIF) with volar locking plates to nonoperative
treatment showed no difference in overall func-
tional outcomes (DASH and Mayo wrist scores)
at 12 months after injury.33 The investigators
did caution that longer follow-up is needed to
determine if posttraumatic arthritis would nega-
tively affect functional outcome scores. In
contrast to this study, a 2018 randomized pro-
spective study found that fixation led to better
outcomes than conservative treatment in elderly
patients with intra-articular distal radial frac-
tures.34 Finally, to minimize the risk associated
with the use of anesthesia in the elderly popula-
tion, wide-awake local anesthesia, no tourni-
quet, also has been described for treatment of
distal radial fractures in patients with extensive
comorbidities.35 Well-designed, high level of ev-
idence studies will help determine if there is any
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true benefit of surgical fixation considering the
risks associated with anesthesia and surgery.

Kirschner wire fixation
K-wire fixation is a cost-effective method for sta-
bilizing distal radial fractures. Percutaneous
placement can minimize the risks associated
with open surgery, but loss of fixation, subsi-
dence, pin loosening, and infection can occur.
In addition, K-wire removal often is recommen-
ded after fracture healing and can sometimes
require a second procedure in the operating
room. K-wire fixation may not be effective for
fractures with comminution and significant short-
ening. One study demonstrated that K-wire fixa-
tion was effective in maintaining sagittal plane
angulation after reduction but not radial length
in extra-articular fragility fractures.36 The best
predictor of radial length was the radial length
before fracture reduction, and the investigators
recommended that K-wire fixation should not
be used if radial shortening is visible on injury ra-
diographs. Another study compared volar lock-
ing plate fixation to K-wire fixation and found
that patients treated with volar locking plates
had better functional outcomes in the early post-
operative period and a reduced risk of devel-
oping complex regional pain syndrome.37 The
study also compared K-wire fixation to nonsur-
gical treatment and found a significantly higher
percentage of excellent and good results, indi-
cating that there may be a role for K-wire fixa-
tion over closed treatment.

Volar plating
The widespread use of volar locking plates for
distal radial fractures is likely due to their ability
to provide a strong biomechanical construct
while using the familiar volar approach for
most distal radial injury patterns, even in the
presence of dorsal angulation and poor bone
quality (Fig. 1).34,38–40 Many studies have
demonstrated the biomechanical strength of
volar locking plates, with a recent study
providing further evidence that osteoporosis
and cortical thickness of the distal radius does
not affect clinical outcomes after volar locking
plate fixation.39 Another benefit of volar locking
plate fixation is earlier mobilization compared
with cast treatment, with recent evidence sug-
gesting that postoperative splinting and immo-
bilization after volar locking plate fixation is
unnecessary and even detrimental.41 Flexion/
extension, pronation/supination, pain and
QuickDASH scores at 3 months after surgery
were all better in the group without postopera-
tive splinting.

Early studies questioned the capabilities of
volar locking plates to provide improved func-
tional outcomes in patients with osteoporosis.
One study suggested that osteoporosis had a
negative impact on functional outcomes in
women treated with ORIF compared with
women with osteopenia.42 Another study sug-
gested that osteoporosis had a negative effect
on the range of motion of the wrist.43 They
found that activities of daily living were signifi-
cantly restricted after plate osteosynthesis,
despite finding no radiological difference be-
tween the osteoporotic and nonosteoporotic
patients. In retrospect, the mean ages in the 2
groups were 56.5 years for the osteoporotic
group compared with 37.1 years for the nonos-
teoporotic group, and this may have
confounded their results. More recent studies
have provided evidence supporting favorable
functional outcomes, regardless of the presence
of osteoporosis, after volar plate fixation of
distal radial fragility fractures.37,44,45 Several
studies have shown that elderly patients, even
those older than 70 years of age, treated with
volar locking plate fixation have improved
Mayo wrist scores and grip strength with no re-
sidual pain in most patients.40,46 Another study
showed that, despite loss of reduction for volar
tilt and radial height within the first 4 months,
the volar locking plate maintained intra-
articular fracture stability with radiographic pa-
rameters within a functional range over time in
most elderly patients (mean follow-up of
31 months).45 There also is no clear association
between BMD status and the risk of mechanical
failure after volar locking plate fixation.47

Complications of volar plating
The complications associated with solar locking
plates should be strongly considered (and dis-
cussed with patients preoperatively) when
choosing surgical fixation.2 One study reported
an overall complication rate of 14.6% at 3.2-
year follow-up of 576 patients who had volar
plating.48 Complications included carpal tunnel
syndrome or change in sensibility, tendon irrita-
tion and rupture, deep infection, and complex
regional pain syndrome. Another study reported
a 7.5% complication rate in 824 patients. Appli-
cation of the volar locking plate distal to the
watershed line can increase the risk of flexor
tendon irritation and rupture. Dorsal screw
prominence also can lead to extensor tendon
irritation or rupture.49 A unique complication
associated with the use of the volar locking plate
is the occurrence of a longitudinal fracture line
beneath the plate and extending proximally.50,51
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The fracture likely occurs after reduction of the
plate to the bone with a nonlocking screw, fol-
lowed by over-penetration of the near cortex
by the conical head of a diaphyseal locking
screw. This screw acts as a wedge, causing the
longitudinal fracture line. Elderly patients may
be more at risk because the near cortex may
become more brittle with age and bone
thinning.

Dorsal Plating
The use of dorsal plate fixation has decreased
with increasing evidence supporting the ability
of volar locking plate to provide stability for
dorsally angulated distal radial fractures, famil-
iarity of the volar approach to the distal radius,
and early high rate of complications reported
with dorsal plate fixation. There are certain frac-
ture patterns, however, that may benefit from
dorsal fixation and/or a dorsal approach for visu-
alization and reduction. These patterns include
dorsal shear fractures (dorsal Barton), die-
punch fracture, and patterns in which indirect
reduction cannot be obtained from a volar
approach.52 The most notable complication
associated with dorsal plate fixation is attritional
extensor tendon irritation and rupture. Most of
these complications occurred in older-
generation plates, with more recent studies
reporting that favorable outcomes and minimal

complications occur with newer-generation im-
plants.53–56 Newer dorsal implants can minimize
attritional wear by having precontoured plates
available in a variety of sizes with polished sur-
faces, tapered edges, and low-profile screw
heads.57 Similar to the volar locking plate, dorsal
locking plates are available to improve fixation in
osteoporotic bone and to allow early range of
motion.

Fragment-specific Fixation
Fracture-specific fixation allows for a systematic
approach for treatment of complex distal radial
fractures by stabilizing each fragment individu-
ally to restore the radial and intermediate col-
umns of the distal radius.58 Various implants
are designed to provide anatomic rigid fixation
to the radial styloid, volar, and dorsal ulnar
corner and articular shear fragments. Multiple in-
cisions are often needed to obtain proper expo-
sure if multiple fragments require fixation.
Biomechanical studies demonstrate that
applying an implant in more than 1 plane in-
creases rigidity and the use of two 2.0-mm im-
plants with a 50" to 90" offset angle between
them in the axial plane provides stronger fixation
than a single 3.5-mm plate.59,60 A biomechanical
cadaver study found significantly less linear
displacement and angulation at the osteotomy
site in the fragment-specific fixation group

Fig. 1. (A–C) Volar plate fixation of a fracture of the distal radius. (From Perez EA. Fractures of the shoulder, arm,
and forearm. In: Azar FM, Beaty JH, Canale ST, editors. Campbell’s operative orthopaedics. 13th edition. Philadel-
phia: Elsevier; 2017. p. 2999; with permission.)

Wrist Fractures and Osteoporosis 215



compared with volar locking plate at loads ex-
pected to be encountered during postoperative
rehabilitation.61 Angulation at the osteotomy
site was significantly less, however, in the volar
locking plate group at higher loads. Fragment-
specific fixation can be used in conjunction
with volar locking plate to provide biomechani-
cally superior strength and stability if a stronger
construct is required. Fracture-specific implants
have the ability to stabilize volar rim fragments62

and the volar ulnar corner while minimizing the
risk for flexor tendon damage or rupture, a
complication that can result from implant prom-
inence due to restrictions of a larger fixed-angle
device.63 Stabilizing this fragment is essential to
avoid the catastrophic complication of volar sub-
luxation of the carpus.64

Outcomes of Fragment-specific Fixation
Benson and colleagues65 reported good to
excellent results with range of motion, grip
strength, radiographic alignment and satisfac-
tion scores in patients with intra-articular distal
radius fractures treated with fragment-specific
fixation. A randomized controlled study
compared fragment-specific fixation to volar
locking plates and demonstrated good results
in both groups and similar patient-reported out-
comes.66 There was, however, a significantly
higher complication rate for the fragment-
specific group. There is clearly a role for
fracture-specific implants because they allow

versatility and the ability to stabilize fractures
that cannot be adequately treated with a single
implant.67–69

Percutaneous Endomedullary Internal
Fixation
Solarino and colleagues70 investigated the use
of the Epibloc system, a percutaneous endome-
dullary internal fixation system developed in
Italy, in low-functioning patients with multiple
medical comorbidities who would not respond
well to the stress of extensive surgery. They
compared the Epibloc system to volar locked
plating and reported that volar locked plating
was associated with better outcomes in both
intra-articular and extra-articular distal radial
fractures; however, in both the plating and Epi-
bloc groups, grip strength mean values were
greater than the minimal level needed to be
considered a functional wrist. As a result, these
investigators advocated the use of the Epibloc
system in patients in whom minimally invasive
surgery is preferred.

Intramedullary Fixation
Intramedullary fixation can be used selectively to
treat dorsally angulated extra-articular and sim-
ple intra-articular distal radial fractures. The
implant is inserted through the radial styloid, be-
tween the first and second dorsal compart-
ments, using a limited dorsal radial incision
(Fig. 2). Intramedullary fixation should be

Fig. 2. (A) Three-week follow-up of a distal radial fracture with metaphyseal extension treated with an intramedul-
lary nail. (B) Six-month follow-up radiograph shows union of the fracture. (From Harreld K, Li Z. Intramedullary fix-
ation of distal radius fractures. Hand Clin 2010;26(3):367; with permission.)
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avoided if the fracture cannot be preliminarily
reduced by closed or percutaneous means
because the implant cannot facilitate reduction,
unlike a volar locking plate.71 Marginal rim or
sagittal shear intra-articular fracture fragments
also cannot be adequately treated using an
intramedullary implant. Advantages of intrame-
dullary fixation include minimizing surgical expo-
sure, preventing tendon irritation, and speeding
return to activity.72 Biomechanically, intramedul-
lary fixation provides enough stability to allow
for early postoperative range of motion through
a load sharing, fixed-angle device.73 A prospec-
tive case series demonstrated at least 90% re-
turn of wrist flexion, extension, ulnar deviation,
radial deviation, pronation, supination, and grip
strength compared with the contralateral side
after intramedullary fixation in these fractures.74

When using the modified Mayo wrist score,
there were 20 excellent and 9 good results.
The study did not compare intramedullary fixa-
tion to other treatment options, such as the volar
locking plate. Complications reported after
intramedullary fixation include carpal tunnel syn-
drome, superficial radial nerve injury, screw loos-
ening, and a proud screw tip that contacted the
ulnar head.72 Radial shortening with excessive
volar tilt occurred in 2 distal radial fractures in
the Nishiwaki and colleagues74 study. The intra-
medullary construct can provide sufficient stabil-
ity to prevent dorsal displacement73,75; however,
it may be less effective in preventing volar
displacement. Careful attention should be
made to select an implant of appropriate size
in patients with osteoporosis and a large intra-
medullary canal.76

Fig. 3. Immediate postoperative (A) posteroanterior and (B) lateral radiographs demonstrate placement of a 14-
hole, small-fragment locking compression plate, with 3 bicortical screws in the radial diaphysis and 3 in the third
metacarpal. (From Richard MJ, Katolik LI, Hanel DP, et al. Distraction plating for the treatment of highly commi-
nuted distal radius fractures in elderly patients. J Hand Surg Am 2012;37(5):951; with permission.)
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Spanning Internal and External Fixation
Dorsal distraction plating (functioning as an in-
ternal fixator) has been described for treatment
of highly comminuted intra-articular distal radial
fractures and fractures in multiply injured pa-
tients. The technique varies in the literature,
with some investigators fixing the plate to the
second metacarpal (through the second dorsal
compartment) and others to the third meta-
carpal (through the fourth dorsal compart-
ment).77 Dorsal distraction plating allows early
weight bearing by spanning the radiocarpal
joint, enabling a multiply injured patient to sit
up, transfer, and ambulate without restriction
(Fig. 3).78 The implant usually is removed after
3 months, when fracture healing is complete.
Hanel and colleagues79 reported minor and ma-
jor complication rates of 4.6% and 8.5%, respec-
tively. Because plate fracture and screw failure
occurred when a 2.7-mm plate and 2.4-mm
screws were used, they recommended the use
of a larger 3.5-mm plate and 2.7-mm screws.
Other reported complications of dorsal plate
distraction include finger stiffness requiring
tenolysis, extensor tendon irritation, metacarpal
fractures through a distal screw hole prior to
plate removal, and 1 reported case of extensor
tendon rupture after the patient did not return
for planned plate removal.79–82 The metacarpal
fractures were treated closed and were healed
by the time of plate removal. The current evi-
dence for dorsal distraction plating is limited to
retrospective case series, and there are no data
comparing the technique to external fixation or
plate fixation. Multiply injured patients often
are younger than patients with osteoporotic
distal radial fractures, with most dorsal distrac-
tion plating studies reporting an average age
in the early fifties.79 Evidence supporting the
use of dorsal distraction plating for highly
comminuted fractures in the elderly is yet to be
determined.

Indications for external fixation are similar to
dorsal distraction plating, with the notable addi-
tional indications of grossly contaminated
wounds and significant soft tissue injury.
External fixation avoids placement of an incision
in these areas and can be used as temporary or
definitive treatment. Evidence supporting the
use of external fixators specifically for osteopo-
rotic distal radial fragility fractures also is
currently limited.

Wrist Hemiarthroplasty
Primary wrist hemiarthroplasty for irreparable
distal radial fractures has been described in in-
dependent elderly patients (more than 65 years

of age), with acceptable outcomes at 30-month
follow-up.78 A cement-less stemmed implant is
instrumented into the distal radius with careful
attention made to restore distal radial length.
Irreparable fractures have been defined as any
fracture that displays a combination of the
criteria: AO type C complete intra-articular frac-
ture, high extra-articular and intra-articular
displacement scores, main fracture line distal to
the watershed line, impaction, and circumferen-
tial comminution.78 The main advantage of wrist
hemiarthroplasty is early mobilization without
the usual restrictions associated with concerns
for implant failure and fracture healing. Future
studies are required to determine long-term out-
comes, implant survival rates, and late complica-
tions to fully validate this treatment option.

SUMMARY

Osteoporosis is a significant risk factor for distal
radial fragility fractures in elderly patients. Good
functional outcomes can be obtained with
nonsurgical and surgical fixation methods,
depending on the fracture configuration and pa-
tient age, comorbidities, activity level, and oste-
oporosis severity.
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González J, et al. Correlation between radiological

parameters and functional outcomes in patients

older than 60 years of age with distal radius frac-

tures. Hand (N Y) 2018. 1558944718770203. [Epub

ahead of print].

31. Chen Y, Chen X, Li Z, et al. Safety and efficacy of

operative versus nonsurgical management of distal

radius fractures in elderly patients: a systematic re-

view and meta-analysis. J Hand Surg Am 2016;

41(3):404–13.

32. Ju JH, Jin GZ, Li GX, et al. Comparison of treat-

ment outcomes between nonsurgical and surgical

treatment of distal radius fracture in elderly: a sys-

tematic review and meta-analysis. Langenbecks

Arch Surg 2015;400(7):767–79.

33. Toon DH, Premchandd RAX, Sim J, et al. Outcomes

and financial implications of intra-articular distal

radius fractures: a comparative study of open

reduction internal fixation (ORIF) with volar locking

plates versus nonoperative management. J Orthop

Traumatol 2017;18(3):229–34.

34. Martinez-Mendez D, Lizaur-Utrilla A, de-Juan-

Herrero J. Intra-articular distal radius fractures in

elderly patients: a randomized prospective study

Wrist Fractures and Osteoporosis 219



of casting versus volar plating. J Hand Surg Eur Vol

2018;43(2):142–7.

35. Ahmad AA, Yi LM, Ahmad AR. Plating of distal

radius fracture using the wide-awake anesthesia

technique. J Hand Surg Am 2018. https://doi.org/

10.1016/j.jhsa.2018.03.033.

36. Kennedy C, Kennedy MT, Niall D, et al. Radiolog-

ical outcomes of distal radius extra-articular fragility

fractures treated with extra-focal kirschner wires.

Injury 2010;41(6):639–42.

37. Tomaszuk M, Kiryluk J, Tomaszuk A, et al. Evalua-

tion of treatment of low-energy distal radial frac-

tures in postmenopausal women. Ortop

Traumatol Rehabil 2017;19(1):55–65.

38. Ballal A, Sadasivan AK, Hegde A, et al. Open

reduction and volar plate fixation of dorsally dis-

placed distal radius fractures: a prospective study

of functional and radiological outcomes. J Clin

Diagn Res 2016;10(12):RC01–4.

39. Lee JI, Park KC, Joo IH, et al. The effect of osteopo-

rosis on the outcomes after volar locking plate fix-

ation in female patients older than 50 years with

unstable distal radius fractures. J Hand Surg Am

2018;43(8):731–7.

40. Shimura H, Nimura A, Fujita K, et al. Mid-term func-

tional outcome after volar locking plate fixtation of

distal radius fractures in elderly patients. J Hand

Surg Asian Pac Vol 2018;23(2):238–42.

41. Duprat A, Diaz JJH, Vernet P, et al. Volar locking

plate fixation of distal radius fractures: splint versus

immediate mobilization. J Wrist Surg 2018;7(3):

237–42.

42. Fitzpatrick SK, Casemyr NE, Zurakowski D, et al.

The effect of osteoporosis on outcomes of opera-

tively treated distal radius fractures. J Hand Surg

Am 2012;37(1):2027–34.
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complication in volar locking plating of the distal

radius: longitudinal fractures of the near cortex.

Acta Orthop Traumatol Turc 2016;50(2):147–52.

52. Lutsky K, Boyer M, Goldfarb C. Dorsal locked plate

fixation of distal radius fractures. J Hand Surg Am

2013;38(7):1414–22.

53. Kamath AF, Zurakowski D, Day CS. Low-profile dor-

sal plating for dorsally angulated distal radius frac-

tures: an outcomes study. J Hand Surg Am 2006;

31(7):1061–7.

54. Ring D, Jupiter JB, Brennwalk J, et al. Prospective

multicenter trial of a plate for dorsal fixation of

distal radius fractures. J Hand Surg Am 1997;22(5):

777–84.

55. Rozental TD, Beredjiklian PK, Bozentka DJ. Func-

tional outcome and complications following two

types of dorsal plating for unstable fractures of

the distal part of the radius. J Bone Joint Surg

Am 2003;85(10):1956–60.

56. Yu JK. Complications of low-profile dorsal versus

volar locking plates in the distal radius: a compara-

tive study. J Hand Surg Am 2011;36(7):1135–41.

57. Tavakolian JD, Jupiter JB. Dorsal plating for distal

radius fractures. Hand Clin 2005;21(3):341–6.

58. Leslie B, Medoff RJ. Fracture specific fixation of

distal radius fractures. Tech Orthop 2000;15:

336–52.

59. Dodds SD, Cornelissen S, Jossan S, et al.

A biomechanical comparison of fragment-specific

fixation and augmented external fixation for intra-

articular distal radius fractures. J Hand Surg Am

2002;27(6):953–64.

60. Peine R, Rikli DA, Hoffman R, et al. Comparison of

three different plating techniques for the dorsum of

the distal radius: a biomechanical study. J Hand

Surg Am 2000;25(1):29–33.

61. Grindel SI, Wang M, Gerlach M, et al. Biomechan-

ical comparison of fixed-angle volar plate versus

fixed-angle volar plate plus fragment-specific fixa-

tion in a cadaveric distal radius fracture model.

J Hand Surg Am 2007;32(2):194–9.

Wu et al220



62. Bakker AJ, Shin AY. Fragment-specific volar hook

plate for volar marginal rim fractures. Tech Hand

Up Extrem Surg 2014;18(1):56–60.

63. Cross AW, Schmidt CC. Flexor tendon injuries

following locked volar plating of distal radius frac-

tures. J Hand Surg 2008;33(2):164–7.

64. Harness NG, Jupiter JB, Orbay JL, et al. Loss of fix-

ation of the volar lunate facet fragment in fractures

of the distal part of the radius. J Bone Joint Surg

Am 2004;86(9):1900–8.

65. Benson LS, Minihane KP, Stern LD, et al. The

outcome of intra-articular distal radius fractures

treated with fragment-specific fixation. J Hand

Surg Am 2006;31(8):1333–9.

66. Landgren M, Abramo A, Geijer M, et al. Fragment-

specific fixation versus volar locking plates in pri-

marily nonreducible or secondarily redisplaced

distal radius fractures: a randomized controlled

study. J Hand Surg Am 2017;42(3):156–65.

67. Brogan DM, Richard MJ, Ruck D, et al. Manage-

ment of severely comminuted distal radius frac-

tures. J Hand Surg 2015;40(9):1905–14.

68. Lam J, Wolfe SW. Distal radius fractures: what

cannot be fixed with a volar plate?—the role of

fragment-specific fixation in modern fracture treat-

ment. Oper Tech Sports Med 2010;18:181–8.

69. Saw N, Roberts C, Cutbush K, et al. Early experi-

ence with the TriMed fragment-specific fracture fix-

ation system in intraarticular distal radius fractures.

J Hand Surg Eur Vol 2008;33(1):53–8.

70. Solarino G, Vicenti G, Abate A, et al. Volar locking

plate vs epibloc system for distal radius fractures in

the elderly. Injury 2016;47(Suppl 4):S84–90.

71. Harreld K, Li Z. Intramedullary fixation of distal

radius fractures. Hand Clin 2010;26(3):263–372.

72. Falk SS, Mittlmeier T, Gradi G. Results of geriatric

distal radius fractures treated by intramedullary fix-

ation. Injury 2016;47(Suppl 7):S31–5.

73. Capo JT, Kinchelow T, Brooks T, et al. Biomechan-

ical stability of four fixation constructs for distal

radius fractures. Hand (N Y) 2009;4(3):272–8.

74. Nishiwaki M, Tazaki K, Shimizu H, et al. Prospective

study of distal radial fractures treated with an intra-

medullary nail. J Bone Joint Surg Am 2011;93(15):

1436–41.

75. Burkhart KJ, Nowak TE, Gradi G, et al. Intramedullary

nailing vs. palmar locked plating for unstable dorsally

comminuted distal radius fractures: a biomechanical

study. Clin Biomech (Bristol, Avon) 2010;25(6):771–5.

76. Wakasugi T, Shirasaka R. Intramedullary nail fixa-

tion for displaced and unstable distal radial frac-

tures in patients aged 65 years or older. J Hand

Surg Asian Pac Vol 2016;32(1):k59–63.

77. Dahl J, Lee DJ, Elfar JC. Anatomic relationships in

distal radius bridge plating: a cadaveric study.

Hand (N Y) 2015;10($):657–62.

78. Huang JI, Peterson B, Bellevue K, et al. Bio-

mehanical assessment of the dorsal spanning

bridge plate in distal radius fracture fixation: impli-

cations for immediate weight bearing. Hand (N Y)

2018;13(3):336–40.

79. Hanel DP, Ruhlman SD, Katolik LI, et al. Complica-

tions associated with distraction plate fixation of

wrist fractures. Hand Clin 2010;26(2):237–43.

80. Lewis S, Mostofi A, Stevanovic M, et al. Risk of

tendon entrapment under a dorsal bridge plate in

a distal radius fracture model. J Hand Surg Am

2015;40(3):500–4.

81. Matzon JL, Kenniston J, Berejiklian PK. Hardware-

related complications after dorsal plating for dis-

placed distal radius fractures. Orthopedics 2014;

37(11):e978–82.

82. Herzberg G, Walch A, Burnier M. Wrist hemiarthro-

plasty for irreparable DRF in the elderly. Eur J

Orthop Surg Traumatol 2018. https://doi.org/10.

1007/s00590-018-2228-5.

Wrist Fractures and Osteoporosis 221


