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Role of Intraoperative 2D and 3D Fluoroscopy in Identifying
Malposition of Screws in Surgical Fixation of Intra-articular Distal
Radius Fractures in Comparison to Post-operative Computed
Tomography

Zakir Ali Shah', Adeel Nawaz', Rajeshkumar Rathod', Mohamed Ghoneem', Thab Ashber’,
Habib Al Ismaily'

Learning Point of the Article:
Intraoperative 3D fluoroscopy enhances the detection of dorsal screw prominence during volar plating of distal radius fractures compared
with standard 2D imaging, enabling timely intraoperative correction and potentially reducing post-operative complications and revision
procedures.

Introduction: Functional outcomes in distal radius fractures rely on effective surgical fixation and anatomical joint restoration. Volar locking
plating is essential for stabilizing intra-articular distal radius fractures. Intraoperative standard 2D fluoroscopic images are typically utilized
during the surgical fixation to evaluate the reduction and malposition; however, there has been a recent shift toward the intraoperative 3D
fluoroscopyfor this purpose, because of the limited role of 2D imaging, which might not give a promising surgical outcome.

Objectives: To evaluate the progressive diagnostic accuracy and performance of intraoperative 3D fluoroscopy compared with intraoperative
standard 2D fluoroscopy for detecting screw prominence or malposition during volar plating of distal radius fractures, using post-operative
computed tomography (CT) as the reference standard, and to quantify intraoperative screw revisions prompted by imaging.

Design: Retrospective single-cohort diagnostic accuracy study.

Materials and Methods: A total of 52 adult patients with distal radius fractures were selected who underwent surgical fixation within a year with
a locking compression plate. All patients had intraoperative 2D fluoroscopy, followed by intraoperative 3D fluoroscopy performed on the
affected wrist during the surgery, and subsequently underwent post-operative CT scan in the ward. Prominent screws were defined as >1 mm
dorsal cortical protrusion. Intraoperative revisions prompted by imaging were recorded. The diagnostic performance of 3D fluoroscopy results
was calculated in comparison with Post-operative CT scanresults.

Results: Sixty fractures (350 screws) were evaluated. Intraoperative standard 2D fluoroscopy identified 6/350 screws (1.71%) requiring
intraoperative exchange. Intraoperative 3D fluoroscopy identified additional screw-related findings not evident on 2D imaging in 32/60
constructs (53.4%), including 20 screws with dorsal cortical extension; 18 were exchanged intraoperatively. Post-operative CT scan identified
10 additional screws with >1 mm dorsal prominence (1.20-2.24 mm) missed by both intraoperative 2D/3D fluoroscopy; 8/10 (80%) were
located in dorsal compartments, and none were intra-articular. For dorsal/intra-articular screw detection, intraoperative 3D fluoroscopy

Author’s Photo Gallery
-
Access this article online ‘
. /AT Dr. Rajeshkumar " .
Website: Dr. Zakir Ali Shah Dr. Adeel Nawaz Rathod Dr. Mohamed Ghoneem Dr. Ihab Ashber Dr. Habib Al Ismaily

WWW.jocr.co.in

‘Department of Trauma and Orthopedic, Rashid Hospital, Muhammad Bin Rashid Medical University, Dubai, United Arab Emirates
DOI:

https://doi.org/10.13107/jocr.2026.v16.i06.7374 Address of Correspondence:

Dr. Zakir Ali Shah,

Department of Trauma and Orthopedic, Rashid Hospital, Muhammad Bin Rashid Medical University, Dubai, United Arab Emirates.
E-mail: drzakiralishah@gmail.com

Submitted: 05/03/2026; Review: 20/04/2026; Accepted: May 2026; Published: June 2026

DOTI: https://doi.org/10.13107/jocr.2026.v16.i06.7374
© The Author(s). 2026 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http: //creativecommons.org/publicdomain/zero/1.0/ ) applies to the data
made available in this article, unless otherwise stated.

2026 Journal of Orthopaedic Case Reports| Published by Indian Orthopaedic Research Group




ShahZA, etal

www.jocr.co.in

demonstrated 71.4% sensitivity and a negative predictive value >97.0%.

Conclusion: Intraoperative 3D fluoroscopy successfully identified dorsal screw prominence compared with intraoperative standard 2D

imaging and helped in the correct positioning of the screws. However, post-operative CT scansstill identified additional prominent screws missed
intraoperatively. We highly recommend utilizing intraoperative 3D fluoroscopyimaging to prevent the need for revision surgeries.

Keywords: 3D fluoroscopy, wrist fractures, distal radius fracture, computed tomography scan, screw prominence.

Introduction

A distal radius fracture is the standard type of wrist fracture in
adults. Volar locking plate fixation is widely accepted for
unstable and intra-articular distal radius fractures for stable
fixation and early mobilization. Despite recent advances in
implant design, the size of the plate and screws used in distal
radius surgery frequently increases the risk of flexor and
extensor tendon damage [1]. Extensor tendon injuries occur in
approximately 8.6% of cases. Extensor tendon rupture is
believed to be a result of drilling and the use of lengthy screws,
which have been observed during tendon transfer procedures
[2]. Routinely, 2D fluoroscopy is used during surgery, but
conventional posteroanterior and lateral views may not reliably
detect dorsal screw prominence or subtle malposition. (Fig. 1).

These results are commonly identified on post-operative
computed tomography (CT) scans. Recent developments
enable intraoperative 3D fluoroscopy imaging, providing CT
scan-like multidirectional imaging to assess distal screw length,
dorsal cortical penetration, joint congruency, and screw
malposition during surgery (Fig.2)[3,4].

Asaresult of arise in the number of revision surgeries caused by
improperly placed or excessively long screws, our hospital has
established a protocol to utilize 3D fluoroscopy for every
patient. This aims to decrease the rate of revision surgeries.

Materials and Methods
Study designand setting

This was aretrospective single cohort diagnostic accuracy study
conducted at Rashid Hospital, Dubai. All surgeries were
performed by fellowship trained orthopedic trauma surgeons
following a standardized institutional protocol mandating
sequential intraoperative 2D and 3D fluoroscopy for every case.
Although post-operative CT is not routinely performed in most
centers, our institution follows a standardized protocol for post-
operative CT in all distal radius fracture fixations, allowing
retrospective analysis of complete imaging data. All patients
underwent intraoperative 2D fluoroscopy followed by
intraoperative 3D fluoroscopy and post-operative CT scan.

Patientselection criteria

We retrospectively reviewed adult patients treated surgically for
distal radius fractures at our institution from January 01, 2024,

to December31,2024.

We included patients with age >18 years; distal radius fracture
treated with volarlocked plating; intraoperative 2D fluoroscopy
and intraoperative 3D fluoroscopy performed; and post-
operative CT scan performed. Patients having multiple
surgeries for the same fracture and incomplete imaging data
were excluded from the study.

Standard surgical technique

Fractures were operated on using a standard volar approach and
fixed with a locking compression plate. Screw number and
length were selected intraoperatively based on fracture pattern
andimaging assessment.

Fluoroscopyimaging protocol
Intraoperative 2D fluoroscopy

2D fluoroscopy was performed using standard posteroanterior
and lateral wrist views. Prominent or malpositioned screws

Figure 1: Intraoperative setup for standard 2D fluoroscopy during volar
plating of a distal radius fracture.
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Figure 2:Intraoperative 3D fluoroscopy acquisition setup during distal radius
fixation.

identified on 2D were documented and revised intraoperatively
whenindicated.

Intra operative 3D fluoroscopy

3D fluoroscopy was acquired using an ISO-
C-3D system with multiplanar
reconstructions (axial, sagittal, and coronal)
reviewed intraoperatively. Any long or
malpositioned screws identified on 3D
imaging were exchanged or repositioned as
necessary.

Post-operative CT (reference standard)

A post-operative CT scan was performed in
all cases to identify residual discrepancies and
screw malposition missed on intraoperative
imaging. Post-operative CT was performed as
part of our institutional quality assurance
protocol to validate intraoperative imaging
accuracy and minimize revision risk.
Radiation exposure was limited to the wrist
region, and the cost was covered under the
standard post-operative imaging package. We

by 2D and/or 3D imaging and compared intraoperative
findings with post-operative CT scan.

Definition criteria

Prominent screws were defined as dorsal cortical protrusions>1
mm on CT scan. Malpositioned screws were defined as intra-
articular placement (radiocarpal joint) or involvement of the
distalradioulnarjoint (DRU]J).

Statistical analysis

Descriptive statistics were used for patient demographics,
injury mechanisms, and fracture classification. Screw level
proportions were calculated for screws revised based on 2D and
3D imaging results, and screws were identified on the post-
operative CT scan. Diagnostic performance measures
(sensitivity and negative predictive value) for intraoperative 3D
fluoroscopy were reported using post-operative CT scan as the
reference standard. Sample size was determined by the total
number of eligible cases treated within the study period; no
formal power calculation was performed due to the
retrospective nature of the study.

Results

Fracture characteristics and patients

A total of sixty (60) distal radius fractures were included from
52 patients, with 8 patients experiencing fractures in both

Figure 3: Example of screw assessment using 2D versus 3D imaging. (a) Standard intraoperative 2D
fluoroscopic image following volar plate fixation. (b) Intraoperative 3D fluoroscopic reconstruction

recorded intraoperative revisions pr ompted demonstrating screw assessmentrelative to the dorsal cortex.
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withnoneintra-articular (Table2).

wrists. A total of 350 screws were examined. Among the
included patients, there were 28 males and 24 females, with a
mean age of 50 years (range 20-80 years). The age distribution
and injury characteristics are summarized in Table 1. A total of
18 fractures occurred due to low-energy falls, 14 were caused by
high-energy falls, two resulted from pedestrian vehicle
collisions, and 18 were caused by motorcycle or motor vehicle
collisions. Using the AO Trauma classification system, fractures
weretype A (0),typeB (14),and type C (38) (Table 1).

Intraoperative 2D fluoroscopy findings

Standard intraoperative 2D fluoroscopy identified prominent
screws in 6 of 350 screws (1.71% ) used for the 60 fractures, and
these screws were replaced with shorter screws during the
procedure.

Findings with intraoperative 3D fluoroscopy

Intraoperative 3D fluoroscopy identified additional screw-
related findings not evident on routine 2D imaging in 32 of 60
constructs (53.4%). Specifically, 20 screws demonstrated
dorsal cortical extension on 3D imaging; 18 screws were
exchanged intraoperatively for shorter screws (Fig. 3a and b).
Two screws were not revised because the estimated dorsal
extension was <1 mm (below our >1 mm definition of screw

Table 1: Patient demographics, injury mechanisms, and fracture classificatiom(=52)
Category Subgroup No. of cases (n=52)  Percentage Intra-articular/DRU]J penetration and diagnostic
s Male 28 53.8 performance
ex
Female 2 46.2 No intra-articular (radiocarpal) or DRU]J screw
21-30 years 38 penetrations were identified on intraoperative 2D
Age distribution 4311_4518 years m 199'62 fluoroscopy, intraoperative 3D fluoroscopy, or post-
7 years : operative CT scan in our study. For the detection of
> 31_29 ye’ar's 325 637'83 dorsal/intra-articular screws, intraoperative 3D
See i A - fluoroscopy showed a sensitivity of 71.4% and a
.. Motor vehicle accident 18 34.6 ] o .
Mode of injury negative predictive value of >97.0% compared with
Low-energy trauma 18 34.6 e CT
High-energy trauma 14 26.9 post-operative scan.
Type A (extra-articular) 0 0
AO fracture type | Type B (partial articular) 14 26.9 Discussion
Type C (complete articular) 38 B3l The structure of the distal radius is intricate and

challenging to visualize during surgery. The joint
surface of the radius has a biconcave shape and is inclined in
various directions [S]. In addition, the frequently employed
volar plating method does not provide directjoint visualization;
therefore, reduction of intra-articular fractures can only be
managed through fluoroscopy. A comprehensive
understanding of anatomy and considerable surgical experience
are essential for achieving proper anatomical alignment, free
from articular steps or gaps, while also ensuring that screw
length is adequate, which results in dependable retention of the
individual fragments [6]. Conventional intraoperative
(posteroanterior and true lateral views) fluoroscopic images do
not sufficiently capture the appropriate position and length of
the extra-articular subchondral screws [ 7].

In this study, intraoperative 3D fluoroscopy provided accurate
information about screws length and malposition beyond
standard 2D fluoroscopy in routine practice. Without 3D
imaging, more than 25% of the surgical constructs in our study
could have left the operating room with protruding hardware,
potentially resulting in irritation and rupture of the extensor
tendons. Notably, the 3D imaging was found to be most
sensitive in identifying screw length across all extensor
compartments. Our findings align with the conclusion
provided by Schnetzke et al. [3], who concluded that 3D
fluoroscopy images give extra information compared to 2D

prominence) and wasjudged clinicallyinsignificant.

Involved extensor wrist = Screws revised due Screws revised due
compartments

Post-operative CT scan findings

Post-operative CT scan identified 10 additional

Table 2: Screws revised or identified by imaging modality

Screws identified on post-

operative computed
tomography

to 2D imaging to 3D imaging

Dorsal compartments 6 18 10

screws (10/350) with >1 mm dorsal prominence

% Of total screws (n=350)

1.7% (6/350) 5.1% (18/350) 2.9% (10/350)

(range 1.20-2.24 mm) that were missed by both
intraoperative 2D and 3D fluoroscopy imaging. Of

% Of revised/identified
screws (n=34)

17.6% (6/34) 52.9% (18/34) 29.4% (10/34)

these, 8 (80%) were located in dorsal compartments,
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images in the surgical treatment of distal radius fractures.

Similarly, Wung et al. [8] reported near-perfect agreement
between intraoperative 3D fluoroscopy and post-operative CT
scan, identifying 62 shorter screws and 22 screw penetrations.
The sensitivity and specificity of intraoperative 3D fluoroscopy
in detecting dorsal screw protrusion were 81.8% and 98.4%,
respectively, while the skyline view’s sensitivity and specificity
were 72.2% and 90.9%. Another study by Tonetti et al. [9]
showed that the 3D fluoroscopic images are beneficial in
assessing the reduction of fractures and implants
intraoperatively. Studies conducted on different anatomical
regions consistently demonstrate the superiority of 3D imaging
andresults [10,11,12,13]. Astudy conducted by Keil etal. [ 14]
resembles our study in detecting malposition of screws and
supports, which 3D helps in getting a good surgical outcome
and decreases revision rates. In a comparative study by Mehling
et al. [15] on S1 patients comparing 2D fluoroscopy and 3D
fluoroscopy in distal radius fractures, it was revealed that screws
placed during surgery in 31.3% of patients were not detected
using standard 2D fluoroscopy but were detected using
intraoperative 3D imaging. In addition, Ganesh et al. [16]
found that post-operative CT identified prominent screws (>1
mm) in 17% of cases that were undetected by intraoperative 2D
fluoroscopy. They concluded that intraoperative 2D is not
enough to identify prominent dorsal screws in distal radius
fractures.

In our study, post-operative CT scan identified additional
screws with >1 mm dorsal prominence that were missed by
both intraoperative 2D /3D imaging. Possible explanations
include borderline prominence near the detection threshold,
differences in spatial resolution and reconstruction parameters
between intraoperative 3D systems and diagnostic CT scan,
metal artifact, wrist positioning during acquisition, and
interpretive variability. This suggests that 3D fluoroscopy
improves intraoperative detection compared with standard 2D
views but does not eliminate false negatives.

We used >1 mm criteria as the threshold for screw prominence,
consistent with imaging-based literature; however, the clinical
relevance of minimal dorsal prominence varies depending on
dorsal compartment anatomy, tendon proximity, implant
design, and patient factors. As standardized clinical follow up
and patient reported outcomes were not evaluated in this study,

we cannot determine whether the detected prominences were
associated with dorsal wrist pain, extensor tendon irritation,
tenosynovitis, rupture, or later reoperation.

Limitations

This study has several limitations. First, the retrospective design
is subject to documentation variability and unmeasured
confounding. Second, there was no control group treated
without intraoperative 3D fluoroscopy; therefore, we cannot
determine whether 3D fluoroscopy reduces revision rates or
improves clinical outcomes compared to 2D alone. Third,
imaging technique and interpretation may vary across surgeons.
Fourth, screw-level analysis may be affected by clustering of
screws within constructs and patients. Finally, operative time,
radiation exposure, and cost metrics were not systematically
recorded, limiting assessment of workflow and cost-benefit
considerations.

Conclusion

Intraoperative 3D fluoroscopy increased the detection of dorsal
screw prominence compared with standard 2D fluoroscopyand
enabled intraoperative correction in many cases of volar plating
for distal radius fractures. However, the post-operative CT scan
still identified additional prominent screws. Based on these
findings, it is suggested that intraoperative 3D fluoroscopy
improves assessment of malposition of screws but does not fully
replace post-operative CT scan as the reference standard.
Routine use of intraoperative 3D fluoroscopy in distal radius
fracture fixation may minimize the risk of post-operative
complications, although prospective studies evaluating clinical
outcomes, radiation exposure, operative time, and cost-
effectiveness are required to further define its clinical
importance.

Clinical Message

Intraoperative 3D fluoroscopy enhances the detection of dorsal
screw prominence during volar plating of distal radius fractures,
allowing timely screw correction and reducing the likelihood of
post-operative complications. Although post-operative CT may still
reveal subtle prominences, incorporating 3D imaging
intraoperatively can improve fixation accuracy and help avoid
revision procedures.
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