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Purpose: To identify patient, surgeon, and injury characteristics associated with preoperative computed
tomography (CT) scan utilization for operative distal radius fractures (DRF). In addition, we aimed to
determine if preoperative CT was associated with treatment methods other than isolated volar-locked
plating (VLP).
Methods: We retrospectively reviewed all operatively treated adult DRFs within our health care system
from 2016 to 2020. Baseline demographics, injury, treatment characteristics, and the fellowship training
of the 44 included surgeons were recorded. We compared cases with and without a preoperative CT, and
an adjusted logistic regression model was generated to determine the odds of having a preoperative CT.
Results: A total of 1,204 operatively treated DRFs performed by 44 surgeons were included. CT utilization
increased during the study period. Intra-articular fractures accounted for 76% of cases, and preoperative
CT scans were ordered in 243 of 1240 cases (20%). Overall, isolated VLP was used in 83% of cases. Cases
with a preoperative CT were more likely to be treated with an alternative method of fixation (such as
dorsal plating). The adjusted logistic regression model demonstrated that male sex (OR 1.62; 95% CI: 1.16,
2.26), intra-articular fractures (OR 3.11; 95% CI: 1.87, 5.81), and associated fractures (OR 2.69; 95% CI: 1.82,
3.98) had a significantly increased odds of having a preoperative CT. Fellowship training was not asso-
ciated with increased CT utilization overall, but hand surgeons were more likely to use a CT in Ortho-
paedic Trauma Association-C3 fractures.
Conclusions: Patient and injury characteristics are associated with CT utilization in operative DRFs.
Preoperative CTs are associated with alternative fixation approaches, as cases with a CT were more likely
to use fixation methods other than isolated VLP. The costs and benefits of CT scans must be carefully
weighed against whether this modality adds value or improves outcomes in treating DRFs.
Level of evidence: Prognostic II.
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/).
Distal radius fractures (DRF) are one of the most common in-
juries in adults, accounting for 18% of all fractures.1,2 DRF appear to
have a bimodal distribution, with the overall incidence increasing
over time.1,3 In patients over the age of 65, surgical indications and
treatment protocols remain controversial.4e7 Results of recent
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prospective and randomized studies comparing outcomes of sur-
gical and nonsurgical treatment of DRF have had conflicting
results.4e7 In addition, treating these injuries is associated with an
increasing economic burden for patients and the health care sys-
tem. In 2007, it was estimated that $170 million was spent on DRF
management in the Medicare population alone.8 For operatively
treated DRF, surgical costs can account for 61% to 91% of total costs;
however, imaging costs related to plain radiography and computed
tomography (CT) scans can drive variations in cost.9e11

At present, the American Academy of Orthopaedic Surgeons
Clinical Practice Guidelines state that indications for operative
treatment of DRFs in nongeriatric patients include radial short-
ening >3mm, dorsal tilt >10�, or intra-articular displacement
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Table 1
Baseline Demographics for All Included Cases

Demographic Variable All Cases
(N ¼ 1204)

Age (y), mean (SD) 55 (17)
Male, n (%) 395 (33)
Right wrist involved, n (%) 581 (48)
BMI, mean (SD)* 29 (7)
Current tobacco use, n (%) 285 (24)
ASA rating, mean (SD) 2.3 (0.6)
Operative time in minutes, mean (SD) 89 (48)
Surgeon performing ORIF, n (%)
Hand surgeon 561 (47)
Trauma surgeon 396 (33)
Other 247 (21)

Preoperative CT scan ordered, n (%) 243 (20)
Extra-articular DRF (OTA-A), n (%) 288 (24)
Intra-articular DRF, n (%) 916 (76)
OTA-B 151 (13)
OTA-C 765 (64)
C1 196 (26)
C2 308 (40)
C3 261 (34)

Cases with any associated UE injury, n (%) 685 (57)
Cases with an associated UE injury

(excluding distal ulna), n (%)
180 (15)

Open fracture, n (%) 33 (3)

ASA, American Society of Anesthesiologists; BMI, body mass index; UE, upper-
extremity.

* BMI data were missing for 83 patients.

Table 2
Treatment Information for All Included Distal Radius Fracture Cases

Treatment Type All Cases
(N ¼ 1204)

Volar plate (VLP), n (%) 1088
VLP only 1002 (83)
VLP þ K-wires 14 (1)
VLP þ supplemental lunate facet fixation 12 (1)
VLP þ independent screws 3 (<1)
Volar rim plate 29 (2)
VLP þ supplemental bone graft 7 (0.6)
VLP þ radial column plate 12 (1)
VLP þ dorsal plate 7 (0.6)
VLP þ ex-fix 2 (<1)

Dorsal plate, n (%) 17 (1.4)
Dorsal spanning bridge plate, n (%) 27 (2)
Radial styloid plate, n (%) 6 (<1)
Ex-fix, n (%) 29 (2)
K-wires, n (%) 33 (3)
Screws, n (%) 4 (<1)
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>2mm.12 Although these parameters are typically assessed with
plain radiographs, the interobserver reliability for this modality is
poor.13e16 The use of CT scans has been shown to increase the
agreement in fracture classification and aid in the identification of
intra-articular fracture lines.17e21 These studies have surveyed
surgeons and assessed both fracture classification and proposed
treatment plans; however, it is less clear if the use of advanced
imaging is associated with actual changes in surgical management.
Furthermore, advanced imaging modalities (including CT scans) are
increasingly used during emergency department visits related to
fractureswith unclear clinical benefits relative to cost.22 The clinical
utility of a preoperative CT scan remains uncertain, and it is un-
known if the use of preoperative CT scans is associated with im-
provements in patient outcomes.

The purpose of this investigation was to identify patient de-
mographic factors and injury patterns associated with the use of
preoperative CT scans for operatively managed DRF. In addition, we
aimed to determine whether the use of preoperative CT scans was
associated with methods of DRF fixation other than isolated volar-
locked plating (VLP). Furthermore, we aimed to determine if sur-
geon training was associated with the use of preoperative CT scans.

Materials and Methods

Institutional review board approval was obtained for this
retrospective investigation. Our institutional billing database was
used to identify all patients 18 years of age or older who underwent
operative treatment of a distal radius fracture within our health
care system between 2016 and 2020. The following Current Pro-
cedural Terminology codes were used to identify included frac-
tures: 25607 (Open treatment of distal radial extra-articular
fracture or epiphyseal separation, with internal fixation), 25608
(Open treatment of distal radial intra-articular fracture or epiphy-
seal separation; with internal fixation of two fragments), and
25609 (Open treatment of distal radial intra-articular fracture or
epiphyseal separation; with internal fixation of three or more
fragments). Our system, located in the northeastern United States,
comprises multiple hospitals. The main clinical center is a rural,
academic, level-I trauma center that functions as a tertiary referral
center for orthopedic trauma and upper-extremity surgery.

A manual chart review was performed in each case. Patients
were excluded if they underwent operative treatment for a
nonunion or malunion of the distal radius. Baseline demographics
were recorded for each patient, including age, sex, laterality, body
mass index, current tobacco use, and the American Society of An-
esthesiologists rating. To account for patients that underwent
bilateral procedures, all analyses were performed on a per-case (as
opposed to a per-patient) basis.

Preoperative imaging studies were reviewed by two separate
authors in order to classify all included DRFs. Any disagreements
between the two authors were resolved by a third author. We used
the Orthopaedic Trauma Association (OTA) classification for DRFs.
Fractures were classified as OTA-A (extra-articular), OTA-B (partial
articular), or OTA-C (complete articular). In addition, OTA-C frac-
tures were subclassified as OTA-C1, OTA-C2, or OTA-C3. Associated
osseous injuries involving the ipsilateral upper extremity were
recorded, as was the presence of a preoperative CT scan of the distal
radius.

Intraoperative and immediate postoperative radiographs were
reviewed to categorize the type of operative treatment. In cases
where patients underwent planned, staged operative treatment
(for example, irrigation and debridement with external fixation
followed by definitive fixation), we recorded only the definitive
treatment procedure. The following treatment categories were
established:
1. Volar locking plate fixation.
2. Isolated dorsal plate fixation.
3. Isolated radial styloid plate fixation.
4. Dorsal bridge plate fixation.
5. Isolated screw fixation.
6. Kirschner wire (K-wire) fixation only.
7. External fixation (Ex-fix) with or without supplemental K-wires.

We further subcategorized VLP fixation to account for variations
in treatment. There were 44 surgeons that performed procedures
during the study period. Fellowship training of the surgeon per-
forming the procedure was recorded and classified as either
fellowship-training hand surgeon, fellowship-trained orthopedic
trauma surgeon, or other. Although this study was retrospective in
nature and included multiple surgeons over a 5-year period, we
considered isolated VLP fixation to be the conventional method of
DRF fixation for the purposes of this study, especially considering
that >80% of fractures were fixed using this technique. No surgeon



Table 3
Comparison of Operatively Managed Distal Radius Fracture Cases With and Without Preoperative CT Scans

Variable Cases With CT
N ¼ 243 (20%)

Cases Without CT
N ¼ 961 (80%)

P Value

Demographics
Age (y), mean (SD) 53 (17) 56 (17) .06
Male, n (%) 115 (47) 280 (29) <.05
Right wrist involved, n (%) 111 (46) 470 (49) .37
BMI, mean (SD) 30 (7) 29 (7) <.05
Current tobacco use, n (%) 65 (27) 220 (23) .21
ASA rating, mean (SD) 2.3 (0.7) 2.3 (0.6) .16
Operative time in minutes, mean (SD) 106 (58) 84 (44) <.05
Surgeon performing ORIF, n (%)
Hand surgeon 122 (50) 439 (46)
Trauma surgeon 89 (37) 307 (32) <.05
Other 32 (13) 215 (22)

Extra-articular DRF (OTA-A), n (%) 19 (8) 269 (28) <.05
Intra-articular DRF, n (%) 224 (92) 692 (72) <.05
OTA-B 28 (12) 123 (13) .59
OTA-C 196 (81) 569 (59) <.05
OTA-C1 39 (16) 157 (16) .91
OTA-C2 99 (41) 209 (22) <.05
OTA-C3 58 (24) 203 (21) .35

Cases with an associated UE injury
(excluding distal ulna), n (%)

79 (33) 101 (11) <.05

Cases with any associated UE injury, n (%) 173 (71) 512 (53) <.05
Open DRF, n (%) 12 (5) 21 (2) <.05
Treatment
VLP only, n (%) 156 (64) 846 (88) <.05
VLP only or K-wire, n (%) 160 (66) 875 (91) <.05
VLP þ volar rim plate, n (%) 19 (8) 10 (1) <.05
VLP þ VLP, n (%) 5 (2) 7 (0.7) .07
VLP þ radial column, n (%) 3 (1) 9 (1) .72
VLP þ dorsal, n (%) 4 (2) 3 (0.3) <.05
Dorsal plate, n (%) 11 (5) 6 (0.6) <.05
Radial styloid plate, n (%) 2 (0.8) 4 (0.4) .35
Bridge plate, n (%) 17 (7) 10 (1) <.05
Ex-fix, n (%) 9 (4) 20 (2) .14

ASA, American Society of Anesthesiologists; BMI, body mass index; ORIF, open reduction, internal fixationupper-extremity; UE, upper-extremity; VLP, volar locked plating.

Table 4
Adjusted Logistic Regression Model Predicting the Odds of Having a Preoperative CT
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in our system used dorsal plate fixation as their primary method of
stabilization for extra-articular fractures.
Scan for Operatively Managed DRF

Variable Adjusted OR (95% CI) P Value

Demographics
Male sex 1.62 (1.16, 2.26) <.05
BMI 1.01 (0.99, 1.04) .23
Operative time 1.00 (1.00, 1.01) .05
Surgeon performing ORIF
Trauma Reference
Hand 0.97 (0.68, 1.39) .07
Other 0.58 (0.36, 0.95)

Intra-articular DRF 3.11 (1.87, 5.18) <.05
Associated UE injury

(excluding distal ulna)
2.69 (1.82, 3.98) <.05

Open DRF 1.13 (0.48, 2.63) .78
Statistical analysis

Descriptive statistics were generated for case characteristics
such as demographics, procedure, and treatment characteristics. A
chi-square or Fisher exact test was used where appropriate to
compare categorical characteristics between cases with and
without preoperative CT scans. In addition, a Wilcoxon two-sample
test was performed to compare the differences in continuous
characteristics between the groups. To examine the odds of having
a CT scan before surgery, an adjusted logistic regression model was
generated. P values of < .05 were considered statistically significant.
Treatment
Volar locking plate only 0.46 (0.30, 0.69) <.05
Dorsal plate only 3.49 (1.15, 10.61) <.05
Dorsal bridge plate 2.38 (0.95, 5.96) .07

BMI, body mass index; ORIF, open reduction, internal fixationupper-extremity; UE,
upper-extremity.
Results

A total of 1,204 operatively treated DRF cases were included.
Table 1 provides demographic information for all the included
cases. Included cases were performed by a total of 44 different
surgeons. Fellowship-trained hand surgeons performed 561 out of
1,204 (47%) cases. The mean age for cases with a CT scan was 53
years compared with 56 years for cases without a CT scan (P ¼ .06).
Intra-articular fractures accounted for 916 (76%) cases, and preop-
erative CT scans had been ordered in 243 (20%). Table 2 provides
operative treatment details for all the included cases. VLP-only
fixation was used in 83% of cases.

Table 3 includes comparisons of cases with and without pre-
operative CT scans. Cases with a preoperative CT were more likely
to be treated with an alternative method of fixation, such as a volar
rim plate, dorsal plate, or dorsal spanning bridge plate (P < .05).
Table 4 presents a logistic regression model with adjusted ORs
predicting the chance of having a preoperative CT scan. The
adjusted logistic regression model demonstrated that male sex (OR
1.62; 95% CI: 1.16, 2.26), intra-articular fractures (OR 3.11; 95% CI:
1.87, 5.81), and cases with an associated upper-extremity fracture
(OR 2.69; 95% CI: 1.82, 3.98) had a significantly increased odds of
having a preoperative CT scan (P < .05). Surgeon fellowship training



Figure. Graph depicting preoperative CT scan use during the course of the study period for operatively managed DRF (2016e2020).
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was not associated with increased odds of having a preoperative CT
scan, as noted in Table 4. However, specific to operatively treated
OTA-C3 DRF, hand surgeons used a preoperative CT scan in 36 out of
120 cases (30%), whereas nonfellowship-trained hand surgeons
used a preoperative CT scan in 22 out of 141 cases (16%), with
statistically significant results (P < .05). There was a significantly
decreased odds of having a CT scan among patients who received a
VLP-only treatment (OR 0.46; 95% CI: 0.30, 0.69).

The Figure illustrates the increasing trend of preoperative CT
scan utilization during the study period. In 2016, 14% of cases had a
preoperative CT, whereas, in 2020, 26% of cases had a preoperative
CT.

A post hoc power analysis was performed for the primary
comparison (cases with a preoperative CT that underwent VLP
fixation only versus those that underwent other forms of fixation).
Given the sample size and proportions, the power for this study
design was determined to be >99%.

Discussion

Preoperative CT scans were associated with increased use of
fixation methods other than isolated VLP in the surgical manage-
ment of DRF. The role of preoperative CT scans in surgical planning
for DRF remains controversial. Katz et al21 had four hand surgeons
evaluate 15 DRFs and noted that CT scans influenced both the de-
cision to proceed to surgery and the proposed surgical treatment
plans. In contrast, Nascimento et al18 had 17 surgeons with varying
experience levels assess DRF imaging and found that although
preoperative CT scan changed the OTA fracture classification, it did
not change the proposed treatment plans for hand surgeons. Cases
in our series that underwent dorsal bridge plating had a 3.49 (95%
CI 1.15e10.61, P < .05) greater odds of having a preoperative CT scan
than cases without a bridge plate. Our results suggest that in cases
where CT scans are obtained, surgeons are more likely to use
alternative fixation techniques other than an isolated VLP.

Other than the male sex, we identified no other patient de-
mographic characteristics associated with increased use of preop-
erative CT scans, indicating that injury characteristics were likely
the largest driver of CT utilization. In the adjusted logistic regres-
sion model, hand fellowship training was not associated with
differing CT utilization, as hand surgeons were less likely to obtain
preoperative CT scans than orthopedic trauma surgeons. However,
when looking specifically at OTA-C3 patterns, hand surgeons were
significantly more likely to use preoperative CT scans than their
nonhand surgeon colleagues. The reasons for this finding are likely
multifactorial. This may be, in part, because of referral patterns in
our system, where some patients with complex injuries initially
seen and managed in community settings are referred to treating
hand surgeons at a centralized location.

Over the course of the study period, we found an overall in-
crease in the use of preoperative CT scans in operatively treated
DRFs. This finding is consistent with results from prior recent in-
vestigations that have similarly identified increases in CT utilization
in upper-extremity fractures over time.23,24 Furthermore, advanced
imaging modalities (including CT scans) are increasingly used
during emergency department visits related to fractures.22 It re-
mains uncertain if preoperative CT scans improve postoperative
outcomes. In attempting to identify potential opportunities to
reduce CT scan utilization, extra-articular fractures appeared to be a
possible option. In our series, 19 out of 288 (7%) of OTA-A had a
preoperative CT scan. However, Dahlen et al15 assessed 35 extra-
articular fractures based on plain radiographs and found that 57%
had an intra-articular extension on a CT. Given their findings, the
authors advocated increased use of advanced imagining for pre-
operative planning. Additionally, prior authors have also demon-
strated that CT scans can more reliably quantify the articular gap
and step-off compared to plain radiographs.16 However, in this
context, we believe preoperative CT scans should be reserved for
cases where they are likely to result in a change in operative
treatment type (such as an alternative fixation approach).

Our investigation had several limitations that need to be
considered. It should be clearly stated that without knowing the
treating surgeon’s plan prior to reviewing the CT, these data were
unable to determine causation with respect to alterations in
treatment plans. Rather, we reported the association between
preoperative advanced imaging and methods of fixation. Surgeons
may find CT imaging beneficial when it reinforces a treatment
decision instead of altering it. Furthermore, even if CT does not
change the surgical approach or implant selection, it may impact
screw or plate placement, which would not be accounted for with
our retrospective design. Although our series included a large
number of patients and 44 individual surgeons, these data were
from a single health system, which may limit the generalizability of
the results. In addition, we did not include patients that underwent
nonsurgical management and also had CT scans. Understanding the
associations between CT scan utilization and nonsurgical treatment
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should be the focus of future investigations. Although we reported
the fixation approach chosen by the treating surgeon, we recognize
that there are often multiple approaches that may be appropriate
for a given fracture, with variations attributable to physician
experience, training, and expertise with alternative fixation tech-
niques. Although VLP was the most common method of fixation
observed in our series, there is no clear consensus regarding the
optimal fixation approach for DRF.25e29 Given the retrospective
nature of the study, we could not determine if the CT scans
impacted treatment or fixation decisions based on the plain ra-
diographs. It is possible that in cases where the treating surgeon
was seen as a second opinion, decisions to order advanced imaging
studies may have been made prior to the evaluation by the treating
surgeon. In cases where CT scans were ordered by a provider in the
emergency department, wewere unable to determinewhether this
was performed independently or at the request of the treating
physician.

In conclusion, these data indicate that both patient and fracture
characteristics are associated with the use of a preoperative CT scan
in cases of operatively treated DRF. Additionally, using a preoper-
ative CT scan is associated with less conventional fixation ap-
proaches, as cases with a CT scan were more likely to use methods
other than isolated VLP. As more efficient health care models are
being developed, the costs and benefits must be carefully weighed
against whether preoperative CT scans add value or improve out-
comes in the treatment of DRFs.
References

1. Nellans KW, Kowalski E, Chung KC. The epidemiology of distal radius fractures.
Hand Clinics. 2012;28(2):113e125.

2. Chung KC, Spilson SV. The frequency and epidemiology of hand and forearm
fractures in the United States. J Hand Surg Am. 2001;26(5):908e915.

3. Azad A, Kang HP, Alluri RK, Vakhshori V, Kay HF, Ghiassi A. Epidemiological and
treatment trends of distal radius fractures across multiple age groups. J Wrist
Surg. 2019;8(4):305e311.

4. Mulders MA, Walenkamp MM, van Dieren S, Goslings JC, Schep NW. Volar plate
fixation versus plaster immobilization in acceptably reduced extra-articular
distal radial fractures: a multicenter randomized controlled trial. J Bone Joint
Surg. 2019;101(9):787e796.

5. Chung KC, Kim HM, Malay S, Shauver MJ, Haase SC, Lawton JN, et al. Com-
parison of 24-month outcomes after treatment for distal radius fracture: the
WRIST randomized clinical trial. JAMA Open. 2021;4(6):e2112710.

6. Martinez-Mendez D, Lizaur-Utrilla A, de-Juan-Herrero J. Intra-articular distal
radius fractures in elderly patients: a randomized prospective study of casting
versus volar plating. J Hand Surg Eur Vol. 2018;43(2):142e147.

7. Arora R, Lutz M, Deml C, Krappinger D, Haug L, Gabl M. A prospective ran-
domized trial comparing nonoperative treatment with volar locking plate
fixation for displaced and unstable distal radial fractures in patients sixty-five
years of age and older. J Bone Joint Surg. 2011;93(23):2146e2153.

8. Shauver MJ, Yin H, Banerjee M, Chung KC. Current and future national costs to
medicare for the treatment of distal radius fracture in the elderly. J Hand Surg
Am. 2011;36(8):1282e1287.

9. Kazmers NH, Judson CH, Presson AP, Xu Y, Tyser AR. Evaluation of factors
driving cost variation for distal radius fracture open reduction internal fixation.
J Hand Surg Am. 2018;43(7):606e614.e1.

10. Bhat SB, Liss FE, Beredjiklian PK. Economic analysis of the cost of implants used
for treatment of distal radius fractures. Arch Bone Jt Surg. 2018;6(5):371e375.
11. Huetteman HE, Zhong L, Chung KC. Cost of surgical treatment for distal radius
fractures and the implications of episode-based bundled payments. J Hand Surg
Am. 2018;43(8):720e730.

12. American Academy of Orthopaedic Surgeons: Clinical practice guideline on
distal radius fractures. Accessed January 17, 2022. https://www.aaos.org/quality/
quality-programs/upper-extremity-programs/carpal-tunnel-syndrome/

13. Illarramendi A, Gonz�alez Della Valle A, Segal E, De Carli P, Maignon G,
Gallucci G. Evaluation of simplified Frykman and AO classifications of fractures
of the distal radius: assessment of interobserver and intraobserver agreement.
Int Orthop. 1998;22(2):111e115.

14. Andersen DJ, Blair WF, Steyers CM, Adams BD, El-Khouri GY, Brandser EA.
Classification of distal radius fractures: an analysis of interobserver reliability
and intraobserver reproducibility. J Hand Surg Am. 1996;21(4):574e582.

15. Dahlen HC, Franck WM, Sabauri G, Amlang M, Zwipp H. Incorrect classification
of extra-articular distal radius fractures by conventional x-rays: comparison
between biplanar radiologic diagnostics and CT assessment of fracture
morphology. Der Unfallchirurg. 2004;107(6):491e498.

16. Cole RJ, Bindra RR, Evanoff BA, Gilula LA, Yamaguchi K, Gelberman RH.
Radiographic evaluation of osseous displacement following intra-articular
fractures of the distal radius: reliability of plain radiography versus
computed tomography. J Hand Surg Am. 1997;22(5):792e800.

17. Kleinlugtenbelt YV, Groen SR, Ham SJ, Kloen P, Haverlag R, Simons MP, et al.
Classification systems for distal radius fractures. Acta Orthop. 2017;88(6):
681e687.

18. Nascimento VD, da Costa AC, Falcochio DF, Lanzarin LD, Checchia SL,
Chakkour I. Computed tomography's influence on the classifications and
treatment of the distal radius fractures. HAND (N Y). 2015;10(4):663e669.

19. Azi ML, Teixeira MB, de Carvalho SF, de Almeida Teixeira AA, Cotias RB.
Computed tomography vs standard radiograph in preoperative planning of
distal radius fractures with articular involvement. Strateg Trauma Limb
Reconstr. 2019;14(1):15e19.

20. Hruby LA, Haider T, Laggner R, Gahleitner C, Erhart J, Stoik W, et al. Standard
radiographic assessments of distal radius fractures miss involvement of the
distal radioulnar joint: a diagnostic study. Arch Orthop Trauma Surg. 2021;8:
1e8.

21. Katz MA, Beredjiklian PK, Bozentka DJ, Steinberg DR. Computed tomography
scanning of intra-articular distal radius fractures: does it influence treatment?
J Hand Surg Am. 2001;26(3):415e421.

22. Korley FK, Pham JC, Kirsch TD. Use of advanced radiology during visits to US
emergency departments for injury-related conditions, 1998-2007. J Am Med
Assoc. 2010;304(13):1465e1471.

23. Lumsdaine W, Enninghorst N, Hardy BM, Balogh ZJ. Patterns of CT use and
surgical intervention in upper limb periarticular fractures at a level 1 trauma
centre. Injury. 2013;44(4):471e474.

24. Smith-Bindman R, Kwan MK, Marlow EC, et al. Trends in use of medical im-
aging in US health care systems and Ontario, Canada, 2000-2016. J Am Med
Assoc. 2019;322(9):843e856.

25. Navarro CM, Ahrengart L, T€ornqvist H, Ponzer S. Volar locking plate or external
fixation with optional addition of K-wires for dorsally displaced distal radius
fractures: a randomized controlled study. J Orthop Trauma. 2016;30(4):
217e224.

26. Landgren M, Abramo A, Geijer M, Kopylov P, T€agil M. Fragment-specific fixa-
tion versus volar locking plates in primarily nonreducible or secondarily
redisplaced distal radius fractures: a randomized controlled study. J Hand Surg
Am. 2017;42(3):156e165.

27. Chaudhry H, Kleinlugtenbelt YV, Mundi R, Ristevski B, Goslings JC,
Bhandari M. Are volar locking plates superior to percutaneous K-wires for
distal radius fractures? A meta-analysis. Clin Orthop Relat Res. 2015;473(9):
3017e3027.

28. Saving J, Enocson A, Ponzer S, Navarro CM. External fixation versus volar
locking plate for unstable dorsally displaced distal radius fracturesda 3-year
follow-up of a randomized controlled study. J Hand Surg Am. 2019;44(1):
18e26.

29. Williksen JH, Frihagen F, Hellund JC, Kvernmo HD, Husby T. Volar locking plates
versus external fixation and adjuvant pin fixation in unstable distal radius
fractures: a randomized, controlled study. J Hand Surg Am. 2013;38(8):
1469e1476.

http://refhub.elsevier.com/S2589-5141(23)00070-1/sref1
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref1
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref1
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref2
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref2
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref2
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref3
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref3
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref3
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref3
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref4
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref4
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref4
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref4
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref4
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref5
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref5
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref5
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref6
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref6
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref6
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref6
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref7
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref7
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref7
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref7
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref7
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref8
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref8
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref8
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref8
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref9
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref9
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref9
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref9
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref10
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref10
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref10
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref11
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref11
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref11
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref11
https://www.aaos.org/quality/quality-programs/upper-extremity-programs/carpal-tunnel-syndrome/
https://www.aaos.org/quality/quality-programs/upper-extremity-programs/carpal-tunnel-syndrome/
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref13
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref13
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref13
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref13
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref13
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref13
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref14
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref14
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref14
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref14
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref15
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref15
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref15
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref15
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref15
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref16
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref16
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref16
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref16
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref16
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref17
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref17
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref17
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref17
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref18
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref18
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref18
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref18
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref19
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref19
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref19
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref19
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref19
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref20
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref20
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref20
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref20
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref20
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref21
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref21
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref21
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref21
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref22
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref22
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref22
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref22
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref23
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref23
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref23
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref23
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref24
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref24
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref24
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref24
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref25
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref25
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref25
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref25
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref25
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref25
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref26
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref26
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref26
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref26
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref26
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref26
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref27
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref27
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref27
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref27
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref27
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref28
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref28
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref28
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref28
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref28
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref28
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref29
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref29
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref29
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref29
http://refhub.elsevier.com/S2589-5141(23)00070-1/sref29

	Trends in the Utilization of Computed Tomography in Operative Treatment of Distal Radius Fractures
	Materials and Methods
	Statistical analysis

	Results
	Discussion
	References


