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Purpose: Distal radius fractures (DRFs) are among the most common orthopedic injuries, especially in
the elderly. A wide variety of approaches have been advocated as successful treatment modalities; yet,
there remains variability in practice patterns of DRF in patients with osteoporosis and osteopenia. Using
large data set analysis, we sought to determine the risk profile of operative fixation of DRF in patients
with low bone mineral density.
Methods: A commercially available health care database, PearlDiver, was queried for all patients who
underwent open reduction internal fixation of DRFs between 2010 and 2020. The study population was
divided into groups based on the presence or absence of osteopenia or osteoporosis and was further
classified by patients who were receiving bisphosphonate therapy. Complication rates were calculated,
including rates of malunion, surgical site infection, osteomyelitis, hardware failure, and hardware
removal. Five-year future fragility fractures were defined in hip, vertebrae, humerus, and wrist fractures.
Chi-square analysis and logistic regression were performed to determine an association between these
comorbidities and various postoperative complications.
Results: A total of 152,926 patients underwent open reduction internal fixation of a DRF during the study
period. Chi-square analysis of major complications at 3 months showed a statistically significant increase
in malunion in patients with osteopenia (P ¼ .05) and patients with osteoporosis (P ¼ .05) who under-
went open reduction internal fixation. Logistic regression analysis at 12 months after surgery demon-
strated that osteopenia was associated with an increased risk of hardware failure (P < .0001), hardware
removal (P < .0001), surgical site infection (P < .0001), and malunion (P ¼ .004). Osteoporosis was
associated with a significantly increased risk of hardware failure (P ¼ .01), surgical site infection (P <
.0001), and malunion (P < .0001).
Conclusions: We demonstrated, using large data set analysis, that DRF patients with osteopenia and
osteoporosis are predicted to be at increased risk of multiple postoperative complications, and thus, bone
density should be strongly considered in treatment planning for these patients.
Type of study/level of evidence: Prognostic III.
Copyright © 2023, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Distal radius fractures (DRFs) are among the most common or-
thopedic injuries in the western world and are common in the
elderly.1e4 These fractures are one of the most common fragility
fractures associated with osteoporosis.5e7 A wide variety of ap-
proaches have been advocated as successful treatment modalities,
ranging from surgical (including open reduction internal fixation
[ORIF] or closed reduction and percutaneous fixation) to
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Table
Demographics of Patients With and Without a Diagnosis of Osteopenia or Osteo-
porosis Undergoing ORIF of DRF

Characteristic (þ) Osteopenia (þ) Osteoporosis Control

Total 22,659 27,531 102,736
Women 21,766 26,611 78,463
Age (y), mean 67.56 69.38 61.6
40e44 141 106 6,255
45e49 307 262 8,499
50e54 979 799 12,329
55e59 2,554 2,270 16,844
60e64 4,116 4,013 16,614
65e69 4,394 4,900 13,883
70e74 4,693 6,585 16,853
75e79 4,398 6,693 9,603
80e84 1,087 1,903 1,856

Region
Midwest 6,267 6,951 27,700
Northeast 4,271 5,411 17,670
South 9,100 11,663 41,262
West 2,969 3,419 15,347

Service Location
Inpatient 2,389 3,547 12,244
Outpatient 20,160 23,854 89,950
Unknown/other 110 130 542

Plan
Commercial 15,116 17,051 71,417
Medicaid 537 700 5,205
Medicare 6,499 9,238 23,511
Government 329 347 1,621
Unknown/other 178 195 982
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nonsurgical treatment (casting). Regardless of the treatment mo-
dality chosen, DRFs in patients with preexisting osteopenia or
osteoporosis present a considerable economic and resource utili-
zation burden on the health care system because the incidence of
this fracture has been increasing due to the aging of the global
population.8e11

The association between DRFs and various comorbidities,
including osteopenia and osteoporosis, has been well described;
however, optimal treatment for different fracture patterns of DRFs
and in various patient populations is still under investigation.12,13

Because the outcomes for DRF repair are frequently based on
objective clinical findings, including pain, strength, and range of
motion, these measures may not always correlate with functional
recovery in the patient, and as such, complications vary widely in
the DRF literature.14 In some smaller studies, osteoporosis has been
shown to be associated with early instability, malunion, and late
carpal malalignment compared with normal bone mineral density
in patients with DRF; however, these studies did not demonstrate
large effect sizes, and the study populations were not fully char-
acterized.15,16 Furthermore, patients with low bone mineral density
are often treated with bisphosphonate therapy, and surgical out-
comes for DRF in this patient population have not been reported.

On the basis of limitations in treatment recommendations and
studies analyzing surgical management of DRF in patients with low
bone mineral density, we used a large data approach to understand
the complex relationship between osteoporosis/osteopenia and
postoperative complications after operative fixation of DRF. We
retrospectively analyzed these outcomes to provide hand surgeons
treating DRF in patients with low bone mineral density an assess-
ment of the risks and benefits of operative management of these
fractures, and we further correlated our findings to bisphosphonate
treatment in this patient population. Familiarity with complica-
tions in this patient population will allow surgeons to make
informed decisions on a case-by-case basis.

Methods

The commercially available health care database PearlDiver
represents 122 million patients across the nation with various in-
surance types. The database was queried for all patients who un-
derwent ORIF of DRF between 2010 and 2020. The data were
extracted using Current Procedural Terminology; International
Classification of Diseases (ICD), Ninth Revision; and ICD Tenth
Revision codes related to orthopedic procedures (Appendices 1e3,
available on the Journal’s website at www.jhsgo.org). Institutional
review board approval was not required for the study because all
data were deidentified on the basis of Health Insurance Portability
Accountability Act compliancy.

Patients who underwent ORIF were divided into groups based
on the presence or absence of osteopenia or osteoporosis. To con-
trol for bone mass in the osteoporosis/osteopenia group, only men
andwomen older than 50 years and women between the ages of 40
and 50 years with a concurrent diagnosis of premature menopause
were included. Analysis of complications at 3, 6, 9, and 12 months
after operation included malunion, surgical site infection, osteo-
myelitis, hardware failure, and hardware removal. Complications
were also analyzed in the setting of bisphosphonate therapy.
Fragility fractures, defined as hip, vertebrae, humerus, and wrist
fractures, were analyzed 5 years after DRF surgery. Patients with
osteoporosis/osteopeniawere excluded if they did notmeet the age
criteria or if they were lost to follow-up 1 year after surgery. Pa-
tients were excluded from the normal bone mineral density group
if they had a diagnosis of osteoporosis or osteopenia at the time of
surgery based on ICD Tenth Revision codes. Simple logistic
regression and chi-square analysis were performed to determine
the association between osteoporosis/osteopenia and these
comorbidities and various postoperative complications. All statis-
tical analyses were performed using the R software integrated
within the PearlDiver software, and statistical significance was
determined at a P value of <.05.
Results

A total of 152,926 patients underwent ORIF of a DRF during the
study period. Chi-square analysis of major complications at 3
months demonstrated a marked increase in malunion in patients
with osteopenia (odds ratio [OR], 1.16; 95% CI, 0.97e1.39; P¼ .0526)
and patients with osteoporosis (OR, 1.19; 95% CI, 1.01e1.41; P ¼
.0526) who underwent ORIF. This difference was not observed at 6,
9, or 12 months after surgery (Table). Chi-square analysis demon-
strated that the risk of fragility fractures in the 5 years after DRF
surgery was significantly higher in both osteopenia (OR, 1.58; 95%
CI, 1.51e1.66; P < .0001) and osteoporosis (OR, 2.20; 95% CI,
2.11e2.30; P < .0001).

To model risk factors for complications in patients with low
bone mineral density undergoing operative fixation of DRF, logistic
regressionwas used. Logistic regression analysis at 12 months after
surgery demonstrated that osteopenia was associated with an
increased risk of hardware failure (OR, 1.44; 95% CI, 1.22e1.70; P <
.0001), hardware removal (OR, 1.11; 95% CI, 1.31e1.16; P < .0001),
surgical site infection (OR, 1.28; 95% CI, 1.20e1.36; P < .0001), and
malunion (OR, 1.12; 95% CI, 1.03e1.21; P ¼ .04) (Fig. 1). Osteoporosis
was not associated with a significantly increased risk of hardware
removal (OR, 1.02; 95% CI, 0.98e1.06; P ¼ .21) but was associated
with a significantly increased risk of hardware failure (OR,1.22; 95%
CI, 1.04e1.42; P ¼ .01), surgical site infection (OR, 1.33; 95% CI,
1.26e1.40; P < .0001), andmalunion (OR,1.22; 95% CI,1.14e1.31; P <
.0001) (Fig. 2).

In the logistic regression model, bisphosphonate use was
significantly associated with fewer malunion events (OR, 0.93; 95%
CI, 0.85e1.02; P < .0001), fewer surgical site infections (OR, 0.82;
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Figure 1. Forest plot demonstrating OR of postoperative complications in patients
with osteopenia. ***P � .001; ****P � .0001.
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Figure 2. Forest plot demonstrating OR of postoperative complications in patients
with osteoporosis. ***P � .001, ****P � .0001.
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95% CI, 0.76e0.88; P < .0001), and fewer instances of hardware
removal (OR, 0.89; 95% CI, 0.85e0.93; P < .0001). Bisphosphonates
were not significantly associated with hardware failure (OR, 0.87;
95% CI, 0.72e1.06; P ¼ .195) or osteomyelitis (OR, 0.77; 95% CI,
0.63e0.94; P ¼ .221).

Discussion

This study hypothesized that patients with osteopenia and
osteoporosis would have an increased risk of postoperative com-
plications after operative fixation of DRFs. In a retrospective anal-
ysis, we determined that patients with osteoporosis or osteopenia
who underwent ORIF had an increased risk of malunion in the first
3 months after surgery compared with controls with normal bone
mineral density (T score, �1 to þ1). Furthermore, our logistic
regression analysis predicted a significant association (P < .0001)
between osteopenia/osteoporosis and several perioperative com-
plications, including surgical site infection, and malunion.

Although this association was not significant (P ¼ .0526) further
from surgery, the first 3 months after surgery were associated with
an increased risk of malunion in patients with osteopenia and
osteoporosis who underwent ORIF. This difference was not
observed further from surgery, which may represent delayed bone
healing in patients with osteoporosis/osteopenia. Although this is
yet to be fully explored in clinical studies, animal models have
shown evidence that osteoporosis negatively influences fracture
healing and may explain why osteoporotic fractures are delayed in
healing at 3 months after surgery.17 Although patients with oste-
oporosis/osteopenia may show early differences in fracture healing,
our data suggest that their ultimate outcome at 12 months is
similar to that of patients with normal bone mineral density.
Further, osteoporotic bone does not resist the pullout of hardware
and fixation devices in the same manner as normal bone and can
result in potential loss of reduction or alignment.18 Radiographic
alignment is not always predictive of functional outcome, whichwe
were unable to correlate in our data set.19e21 An interesting area of
future investigation would be to understand whether this early
difference in radiographic alignment could be correlated with the
type of hardware chosen or the severity of the fracture.

With an aging population and osteoporosis-related fracture
rates rising, a better understanding of the relationship between low
bone mineral density and postoperative outcomes is needed. Distal
radius fractures are the most common injury to the upper
extremity and are a large source of annual health expenditure
because DRFs are often managed surgically, with $170 million of
DRF-attributable payments made by Medicare in 2007.8 The
increasing rate of operative management of this type of injury is
likely secondary to the advent of volar locking plating compared
with traditional dorsal plating, in addition to the increase in hand-
specific surgical training.22,23

As internal fixation of DRF is more widely used, the financial
burden of DRF will continue to grow and may reach $240million in
annual Medicare cost if the internal fixation rate continues to in-
crease and reaches 50%.8 Distal radius fractures were traditionally
treated conservatively and cost-effectively with casting, with the
mean cost per Medicare beneficiary being $1400 and the mean cost
per beneficiary being $3800 for internal fixation.8 Research
comparing outcomes of ORIF with those of nonsurgical casting
demonstrated better functional results in young patients treated
with internal fixation, although these findings may not entirely
apply to similar internal fixation procedures in osteoporotic
bone.24,25 Yet, the long-term gain measured by quality-adjusted life
years only minimally outweighs the shorter-term risks of surgical
intervention, and level one evidence to support ORIF in older pa-
tients does not exist.25 Medicare ORIF expenditures are nearly triple
that of conservative fixation, and accurate appraisal of costs and
benefits is important to allocate resources and benefit the correct
patient demographic.8

Although osteoporosis has been shown to be associated with
increased fracture severity and higher incidence of early instability,
measurable outcomes in this patient population have been debated
in the literature.15 One group has reported osteoporotic patients to
have worse functional outcomes, demonstrated by an average of 15
points higher Disabilities of the Arm, Shoulder, and Hand (ques-
tionnaire) scores, despite similar radiographic and range of motion
outcomes.26 However, other groups exploring clinical outcomes in
patients with osteoporosis have not reported a difference in func-
tion or radiologic deformity after DRF.27,28 It is difficult to draw
conclusions because these studies were small and the character-
ization of their study populations was limited; therefore, we sought
to analyze these outcomes on a larger scale.

Although our data set did not show any statistically significant
differences in the postoperative complications in patients with
osteoporosis/osteopenia compared with those in controls, this
analysis only accounts for the relationship between bone mineral
density and the complication being tested. Therefore, we used



K.R. Tua~no et al. / Journal of Hand Surgery Global Online 5 (2023) 601e605604
simple logistic regression to model the relationship based on the
PearlDiver data set to predict the likelihood that patients with
osteopenia and osteoporosis would develop postoperative com-
plications. We found that osteopenia was associated with an
increased risk of hardware failure, hardware removal, surgical site
infection, and malunion. Osteoporosis was not associated with an
increased risk of hardware removal but was associated with a
significantly (P < .001) increased risk of hardware failure, surgical
site infection, and malunion. Because the ICD codes for hardware
removal included bridge plate removal, these data indicate that
surgeons may be opting to use bridge plates more frequently in
patients with osteopenia but not osteoporosis. Further, other
groups have shown an association between osteoporosis and sur-
gical site infections in orthopedic procedures other than DRF
fixation.29e31 More research is needed to fully understand this as-
sociation because other factors, including age, comorbidities, and
surgical technique, may influence the risk of surgical site infection.
These complications may be attributed to compromised micro-
architecture of the bone and increased cortical porosity, as previ-
ously described.32 Weak cortices in the osteoporotic bone provide
poor screw purchase and may not maintain alignment in the
postoperative period.

Our study presents a useful model to identify high-risk pop-
ulations undergoing DRF fixation that can potentially affect treat-
ment options, patient selection, and perioperative counseling.
Statistical modeling of our data set predicts that surgical manage-
ment of patients with low bone mineral density carries the risk of
poor bone healing and infection. The decision to proceed with
operative fixation of DRF should be carried out on a case-by-case
basis, and the risks and benefits should be weighed in a patient-
specific manner.

Beyond the management of DRF, the occurrence of DRF can be an
important opportunity to diagnose and treat osteoporosis to prevent
future fragility fractures. In accordance with the literature, we found
that DRFs are associated with increased risk of subsequent fragility
fractures, including hip, vertebrae, humerus, and distal radius, and
are thus an important indicator of underlying bone mineral dis-
ease.33,34 We encourage surgeons to consider bone mineral density
testing and vitamin D/calcium levels and to maintain endocrinop-
athy, hematologic disorders, and medication side-effects on their
differential diagnosis for secondary causes of osteoporosis.18

Furthermore, our data support the protective effect of
bisphosphonates in operative outcomes in DRF. In addition to fewer
postoperative complications, bisphosphonate use protects these
patients from future fragility fractures, as previously shown.35e37

Although bisphosphonates have not been shown to have a
marked effect on fracture healing time, the secondary effects of
increasing bone mineral density, reducing bone synthesis, and
reducing resorption markers may result in a lower bone turnover
state, thus improving surgical outcomes.38 Some authors have
suggested that DRF is an important point of intervention in oste-
oporosis treatment, and previous analysis has shown that initiation
of bisphosphonate therapy at the time of DRF significantly (P < .05)
reduces the overall burden of hip fracture.35 Our data indicate that
bisphosphonate treatment prior to DRF not only would prevent
fragility fractures but also may improve surgical outcomes if a
fragility fracture were to occur.

The limitations of our study include those inherent to large-
volume databases, such as reliance on ICD Ninth Revision and
Current Procedural Terminology coding and potential confounding
variables not recorded in the data set. Additionally, our study is
retrospective and was limited to patients who underwent surgical
repair of their DRF. This indicates that our patient population had
more clinically and radiographically severe fractures, necessitating
surgical intervention. The nature and severity of these fractures
may predispose patients to postoperative complications. Although
these are major complications, they may not necessarily correlate
with functional outcomes that we were unable to analyze in our
study.
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