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Abstract

Background Volar locking plate fixation (VLPF) is the most common method for operative fixation of distal radius fractures
(DRF). The dorsal ulnar corner (DUC) can be difficult to stabilize as the fragment is small and not exposed when using the
volar approach. The purpose of this study was to study fracture fragment migration after VLPF of AO type C DREF, using a
volume registration technique of paired CT scans with special focus on the DUC fragment.

Materials and Methods This pilot study included ten patients with AO type C DREF, all operated with VLPF. The primary
outcome was radiographic outcome. Postoperative and 1-year scans were compared and analyzed. Fragment migration was
assessed with CT-based micromotion analysis (CTMA), a software technique used for volume registration of paired CT scans.
Results All plates were stable over time. Two patients showed signs of screw movement (0.2-0.35 mm and 0.35->1 mm
respectively). Postoperative reduction was maintained, and there was no fragment migration at the 1-year follow-up except
for one case with increased dorsal tilt. The DUC fragment was found in 8/10 cases, fixated in 7/8 cases, and not dislocated
in any case at the 1-year follow-up.

Conclusion The CTMA results indicate that variable-angle VLPF after AO type C DRF can yield and maintain a highly
stable reduction of the fracture fragments. The DUC fragment remained stable regardless of the number of screws through
the fragment. CT volume registration can be a valuable tool in the detailed assessment of fracture fragment migration fol-
lowing volar plate fixation of DRFs.

Keywords Articular - Distal radius fractures - Computed tomography - Dorsal ulnar corner - Internal fixation - Micromotion
analysis - Volar locking plate - Outcomes - Trauma - Wrist

Introduction the clinical and radiographic outcome [3, 4]. The volar lock-

ing plate has shown good clinical and radiographic out-

Distal radius fractures (DRFs) are common, comprising 18%
of all fractures among adults in an orthopedic trauma unit,
and their incidence is increasing due to an aging population
[1, 2]. There has been a shift during recent decades from
non-operative and other operative treatments toward volar
plate fixation aimed at restoring the anatomy and improving
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comes, even for AO type C fractures [5, 6]. It allows early
mobilization, which is beneficial for early return of function.
Known complications include tenosynovitis, tendon rupture,
and median nerve irritation [7]. The frequency of hardware
removal is 15-30% [7, 8]. However, concerns have been
raised that a single volar locking plate may not be sufficient
for complex intra-articular AO type C fractures involving the
dorsal ulnar corner (DUC) [9, 10]. The DUC plays a critical
role in the DRUJ, anchoring the dorsal distal radioulnar liga-
ment as well as providing dorsal rim stability and preserva-
tion of appropriate dorsal tilt [9]. To prevent postoperative
displacement of the fragment, stabilization with at least one
screw through the volar locking plate has been proposed;
however, the size of the DUC fragment is often small [10].

CT-based micromotion analysis (CTMA) is an image
post-processing volume registration technique used for
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analyzing and measuring migration between two CT exami-
nations [11]. The registration (i.e., bringing the images into
spatial alignment) and calculation are based on the rela-
tive micromotion between two rigid bodies, such as non-
deforming bone and the implant. The method has shown the
clinically relevant precision comparable to radiostereometric
analysis (RSA) [11-13]. RSA was introduced in 1974 and
is considered the gold standard for assessment of implant
migration [14]. However, it requires specialized equip-
ment, trained staff, and strict patient positioning during the
examination, and so new methods have been developed.
The volume registration technique has been used to ana-
lyze motion between the scaphoid and the lunate during the
dart-throwing motion, and to analyze triquetral motion after
lunocapitate arthrodesis [15, 16], but to our knowledge has
not been used to assess fracture fragment migration in DRFs.

In this study, we used CTMA for the first time in a clini-
cal setting in patients surgically treated for AO type C DRF.
The aim of this study was to evaluate Computed Tomog-
raphy Micromotion Analysis (CTMA) in a clinical setting
for follow-up of surgically treated AO type C distal radius
fracture patients.

Materials and Methods

This prospective study was conducted at the Department
of Orthopedics and Hand Surgery, Orebro University Hos-
pital, a tertiary referral center in Sweden. The study was
approved by the Swedish Ethical Review Authority (EPM,
2019-04377). All patients gave written informed consent
before participation, according to the Helsinki declaration
[17]. The study was registered in the Swedish research data-
base FoU in Sweden (www.researchweb.org/is/sverige, ref:

272589). The sample consisted of 10 adult patients with AO
type C fractures treated with variable-angle volar locking
plates (TriMed, Santa Clarita, CA, USA) between March
25th and October 28th 2020. The plate is made in stainless
steel and allows for placement of 3—7 screws in the radius
shaft (3.2 mm) and double rows of 2.3 mm locking screws
distally with up to 30° optional angulation. Inclusion and
exclusion criteria are presented in Table 1. All operations
were performed by hand surgeons.

Surgical Technique

Surgery was performed according to department routine
under general anesthesia with a brachial plexus block and
tourniquet. A volar central incision was made to visualize
the volar ulnar portion of the distal radius, and the carpal
tunnel was opened through the same incision since the volar
corner often is involved in AO type C fractures. The volar
portion of the distal radius was exposed between the finger
flexors ulnarly, and the median nerve and the thumb flexor
radially. The pronator quadratus was divided with a central
split. The central incision provides a good visualization of
the volar lunate facet, also called the critical corner, and
facilitates fixation of the DUC fragment [18]. The volar cor-
tex was reduced, and the volar plate was placed (Fig. 1). The
pronator quadratus was repaired using resorbable sutures if
feasible.

All patients were seen by a hand therapist on the first day
postoperatively for instructions regarding exercises to reduce
edema and active finger range of motion exercises. After two
weeks with a cast, an orthosis was used for an additional two
weeks. Gentle mobilization was initiated two weeks postop-
eratively. The orthosis was removed during active wrist and
finger range of motion exercises. After three months, clinical

Table 1 Inclusion and exclusion
criteria

Inclusion criteria

Exclusion criteria

Age 18-80 years

Operation within 14 days from injury
AO type C with one or more of the following:
>20° dorsal angulation of the distal radial articular surface

>2 mm ulnar plus

> 1 mm incongruence in the radiocarpal joint

> 1 mm incongruence in the distal radioulnar joint

Previous fracture of the same wrist
Bilateral fractures

Other concomitant fractures

Open fracture

Fracture extending to the diaphysis
Ongoing chemotherapy or radiotherapy
Metabolic diseases that affect bone
Dementia

Mental illness

Alcohol or drug abuse

Difficulty understanding Swedish
Severe neurological disease

Severe cardiopulmonary disease

Associated injuries (e.g., ligament
injury or other factures in hand/arm)
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Fig.1 Pre- and intraoperative
radiographs. Patient number 6

outcome measurements and radiographic evaluation were
performed. There were no further load restrictions if the
fracture was considered healed. Fracture healing is of today
not properly defined and relies on different criteria including
mechanical stability [19].

In case of an associated ulnar styloid fracture, the stability
of the distal radioulnar joint (DRUJ) was evaluated intraop-
eratively after plate fixation of the DRF. If DRU instability
was found, the styloid was fixated with a 2.0 mm locking
ulna hook plate (DePuy Synthes, West Chester, PA, USA).

Clinical Evaluation

At the 1-year follow-up, a hand therapist performed clinical
measurements including wrist range of motion (ROM), hand
grip strength, visual analog scale (VAS) pain scores, and
patient-reported outcome measurements (PROMs).
Validated Swedish translated versions of the Patient-
Rated Wrist Evaluation (PRWE) score and the short ver-
sion of the Quick Disabilities of the Arm Shoulder and
Hand (QuickDASH) questionnaire were used [20, 21]. The

PRWE is a 15-item questionnaire with a maximum score
of 100, where O represents no pain or disability in activi-
ties of daily living. The QuickDASH questionnaire evalu-
ates a patient’s upper extremity disability during the last
week. An eleven-item questionnaire is used to calculate
a score ranging from 0 to 100, where 100 represents the
most severe disability and symptoms.

Wrist ROM (flexion, extension, radial deviation, ulnar
deviation, and pronation and supination (degrees)) was
evaluated using a goniometer according to guidelines from
the Swedish National Quality Registry for Hand Surgery
[22].

Hand grip strength in kg was measured with a Jamar
Hand Dynamometer (Biometrics Ltd, Newport, UK). The
mean value of three measurements was calculated [22].
For right-handed patients, correction of grip strength was
calculated as a percentage of the strength on the uninjured
side according to the 10% rule [23].

Pain was evaluated both at rest and during activity using
the VAS pain score (0O =no pain, 10 =worst imaginable
pain).
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Radiographic Evaluation and Motion Analysis

The AO classification of the DRFs was assessed by the
operating surgeon using preoperative radiographs and
intraoperative findings.

CT scan examination was performed preoperatively,
postoperatively within 2 days after surgery, and 1 year
postoperatively. Double examinations were performed
on the first five patients at the postoperative scans, to
assess the reliability of the method. The data volumes
were acquired according to the protocol used for standard
imaging of the wrist (Somatom Definition Flash, Siemens
Healthineers, Germany, Erlangen/Forchheim. kV 100,
Effective mAs 100, slice thickness/overlap 0.6/0.4 mm,
Kernel Br58).

Batra radiographic score was calculated and assessed on
postoperative radiographic examinations (anteroposterior
and lateral views). The measurements were performed by
a single hand surgeon. This score includes radial angle,
radial length, volar tilt, and articular incongruency and
congruency of the DRUJ. The parameters were summa-
rized and graded in four categories: excellent (90-100),
good (80-89), fair (70-79), or poor (< 70) [24].

Postoperative and 1-year follow-up CT examinations
were assessed and analyzed. Presence of a DUC fragment
was assessed, and the number of screws in each DUC frag-
ment was measured, as was the length of the screws in
relation to the distance between the volar and dorsal cortex
of the distal radius at the sigmoid notch. Finally, articular
incongruence (step off or gap formation) was assessed.

Paired CT volumes were analyzed using the image
post-processing volume registration tool CTMA (Sectra
CTMA, Sectra, Linkoping, Sweden). This tool provides a
method for graphically visualizing and numerically calcu-
lating the motion in space between two rigid bodies based
on CT volume registration [19]. These can be non-deform-
ing bone or an implant. In our setting, the volar plate and
the radial shaft proximal to the fracture can be considered
rigid bodies, but the individual distal fracture fragments
cannot, since remodeling is expected to occur.

First the double examinations were studied, and then
the postoperative examination was registered to the 1-year
examination. The plate was registered (brought into spatial
alignment), and the appearance of the radius proximal to
the fracture was examined in 3D and 2D images. There-
after, the radius proximal to the fracture was registered.
Two points, one proximal and one distal on the plate, were
chosen as measurement points of the plate relative to the
radius. The system by default also gives the movement at
a center of mass point. Thereafter the movements of the
distal fracture fragments were visualized in multiplanar
reconstruction overlay images aligned along the long axis
of the radius.

@ Springer

Movement of the screws relative to the plate was ana-
lyzed by the CTMA software, using color mapping (inter-
vals: <0.2 mm, 0.2-0.35 mm, > 0.35 mm).

Results

All 10 patients completed the 1-year follow-up. Demo-
graphic characteristics are presented in Table 2. The ulnar
styloid was operatively stabilized in one patient. Clinical
outcome measures are presented in Table 3.

Registration of the plate showed excellent (< 0.2 mm)
overlapping of the surface of the plate. There were no
signs of plate deformity over time. After registration of the
plate, the radius proximal to the fracture was also aligned,
indicating that all plates were stable over time. However,
two patients (nos. 8 and 10) showed signs of screw move-
ment (Figs. 2, 3).

Radiographic results are presented in Table 4. The
median postoperative Batra score was 88 (range: 64—100).
Seven of the 10 cases had a good to excellent Batra score.
There was no case with articular incongruence > 1 mm
postoperatively. No fragment migration was detected at
the one-year follow-up, except for one case (no. 8) with
increased dorsal tilt. A DUC fragment was found in 8/10
cases, fixated in 7/8, and not dislocated in any of the cases
at the 1-year follow-up. The DUC fragment was fixated
with 1-3 screws in each fragment. The median screw
length was 82.6% (range: 64.2—-126.5%) of the depth (dis-
tance between volar and dorsal cortex) of the distal radius.
Of the screws in the DUC-fragments, there was one case
(no. 8) with dorsal screw penetration. (Figs. 4, 5, 6, 7, 8,
9,10, 11).

Complications

There was no mechanical failure resulting in secondary
surgery. There was no patient with load restrictions after
the 3-month follow-up, no postoperative infections, and
no cases of tendon rupture or complex regional pain syn-
drome. Plate removal was performed in one patient due to
suspicion of intra-articular screw penetration.

Table 2 Demographic data

Male/female Age, median Side frac- Hand domi- DRF AO
(range) tured, right/ nance, right/ type, A/B/C
left left
3/7 54.5 (20-63) 2/8 9/1 0/0/10
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Table 3 Outcome 1 year

. Outcome measure
postoperatively

Injured side, median (range) Percentage of unin-

jured side, median

(range)

Pronation (degrees) 75 (70-85) 94 (82-108)
Supination (degrees) 80 (65-90) 100 (76-117)
Dorsal extension (degrees) 55 (35-75) 89 (54-115)
Volar flexion (degrees) 70 (45-85) 80 (64-100)
Radial deviation (degrees) 25 (20-30) 100 (80-167)
Ulnar deviation (degrees) 35 (20-50) 100 (63-133)
Grip strength (kg) 23.9 (13.1-57.5) 76 (65-104)
Grip strength (kg), corrected 83 (66-116)
VAS at rest (cm) 0.0 (0.0-0.0)
VAS during activity (cm) 0.1 (0.0-2.5)
PRWE (points) 4.0 (0.0-11.0)
QuickDASH (points) 2.3 (0.0-13.6)

Discussion

Fig.2 Alignment result with color mapping. Patient no. 8 with screw
migration

0,20 mm

0,10 mm

Fig.3 Alignment result with color mapping. Patient no. 2 without
screw migration

In this study, we confirmed the usability of CTMA in a clini-
cal setting and were able to distinguish motion in the injured
part of the distal radius over time in patients operated for a
DREF. The postoperative reposition was maintained and there
was no fragment migration at the 1-year follow-up, except
for one case with increased dorsal tilt. The DUC fragment
was not displaced in any of the cases at the 1-year follow-up.
Our findings, using a volume registration technique, indicate
that a volar locking plate can yield and maintain a stable fix-
ation of the fracture fragments including the DUC fragment.

This study included 10 cases, as it was a pilot study using
CTMA for assessing radiographic outcome after DRF. The
number of patients is a limitation and the results, therefore,
may not be generalized.

In the present study, 8/10 patients with AO type C DRF
had a DUC fragment; this is in line with previous studies
showing that the DUC is involved in 87% of all AO type C3
fractures [10]. Bain et al. [25] demonstrated that the DUC is
frequently involved in intra-articular DRF as one of the main
sites when studying fracture pattern. Miyashima et al. found
the mean size of the fragment to be 9 X 8 X 11 mm, occupy-
ing 50% of the DRU joint [10]. The DUC fragment can be
challenging to reduce and capture because of its size and
dorsal location. In the present study, the DUC fragment was
fixated in 7/8 cases, with 1-3 screws in each DUC fragment,
and the median screw length was 82.6% of the depth of the
distal radius. In a recent randomized study including 150
patients with AO type C DRF treated with either volar lock-
ing plate or combined plating, the radiographic results were
similar between the treatment groups and there was no case
of re-displacement or mechanical failure after surgery [6].

In the present study, one of the 10 patients underwent
hardware removal before the 1-year follow-up, due to
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Table 4 Radiographic results

Patient no  Postoperative articular ~Maintained Screw migra- DUC Number of screws ~ Screw length, % of the depth
incongruence,>1 mm  reduction at 1 tion>0-0.2 mm at  fragment in DUC fragment  of the distal radius
year 1 year present
Screw 1  Screw 2 Screw 3
1 No Yes No Yes 2 98.9%  85.6%
2 No Yes No Yes 3 73.7% 64.2% 70.6%
3 No Yes No Yes 2 89.0% 81.4%
4 No Yes No Yes 1 71.0%
5 No Yes No No
6 No Yes No Yes 2 71.3%  90.0% 89.3%
7 No Yes No Yes
8 No No 0.35->1 mm Yes 1 126.5% 74.5%
9 No Yes No No
10 No Yes 0.2-0.35 mm Yes 2 912% 82.6%

Fig.4 Postoperative scan of patient no. 2, with DUC fragment out-
lined

suspicion of intra-articular screw penetration at the post-
operative CT scan. Analysis of screw length regarding the
DUC fragment showed that 1 of the 15 screws through the
DUC fragment had penetrated the dorsal cortex. The sub-
chondral screws are also important to support the articular
surface after DRF. A biomechanical study concluded that
locked unicortical distal screws of at least 75% of the length
of the bone width can produce construct stiffness similar to
bicortical fixation in extra-articular DRF, and at the same
time avoid extensor tendon injuries [26]. This is not the
case in intra-articular DRF with dorsal fragments or dorsal
comminution. The DUC fragment is often small, and if the

@ Springer

Fig.5 One-year follow-up of patient no. 2, with no migration/disloca-
tion of the DUC fragment

screws are too short, the fragment will not be captured. Too
short screws will not give adequate fixation, and too-long
screws mean dorsal prominence and penetration with risk of
extensor tendon injury [27]. Ohno et al. [28] found that even
when downsizing subchondral screws by 2 mm to prevent
dorsal screw penetration, 9.6% of the patients still showed
penetration during surgery or at the final follow-up. Detec-
tion of screw prominence and penetration is crucial, but dif-
ficult in the operating room. Conventional anteroposterior
and lateral views are not sufficient to detect penetration [27],
and so additional or alternative views and modalities are
needed. Our findings show that the DUC fragment remained
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Fig. 6 Postoperative scan of patient no. 2, with a dorsal fragment

Fig.7 One-year follow-up of patient no. 2, with remodulation of the
dorsal cortex

stable when stabilized by a single locking screw, and in one
case with no locking screw. The reason for this is not entirely
clear, but one explanation may be that stabilizing all the
structures surrounding the DUC provides sufficient stability.

Movement of the distal screws in relation to the plate
was minimal in 8/10 patients (< 0.2 mm) and more than

Fig.8 Postoperative scan of patient no. 3, with a<1 mm gap in the
articular surface

Fig.9 One-year follow-up of patient no. 3, with remodulation of the
articular surface

0.2 mm in the remaining two. Loosening of the polyaxial
locking interface may result in loss of reduction, which
was the case in one of these two patients (dorsal tilt). The
strength of the locking interface of the variable-angle lock-
ing plate differs between implants, and an increase in the
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Fig. 10 Postoperative scan of patient no. 6, with DUC fragment out-
lined

Fig. 11 One-year follow-up of patient no. 6, with no migration/dislo-
cation of the DUC fragment

screw locking angle causes a reduction of strength which
depends on the implant [29]. In our case, the loosening of
the distal screws may have resulted from a technical error,
such as incomplete locking of the screws to the plate.

@ Springer

This study showed no cases with incongruency in the
articular surface on the postoperative radiographs, which
is encouraging. Articular incongruence, with step or gap,
predicts posttraumatic arthritis (PA), but the association
between PA and PROMs is still unclear. However, wrist
ROM is negatively affected by PA [30]. In this study, the
clinical and functional results regarding pain, PROMS,
wrist ROM, and grip strength were comparable to previ-
ous studies regarding AO type C DRF fixated with volar
locking plate with 1-year follow-up [6].

As a next step, a larger cohort of patients treated surgi-
cally for a DRF would be needed to follow with CTMA for a
longer time period to assess a relationship between fracture
fragment movement and clinical outcomes. Given that the
correlation between radiographic outcome and clinical out-
come after a DRF is poor, it can be debated whether DRF
patients benefit from radiographic follow-up. Nevertheless,
AO type C DRFs represent the most complex fractures in
the large group of patients. We believe these patients need
optimal follow-up to facilitate postoperative rehabilitation.
To our knowledge, the method of CT volume registration
has not been used for DRF before; however, it seems to be
suitable for assessing fragment size and migration, especially
of key fragments of biomechanical importance to the wrist.

In conclusion, the findings in this study suggest that a
variable volar locking plate can yield and maintain a stable
reduction and fixation of the fracture fragments after AO
type C DREF, including the DUC fragment. Further studies
are warranted to determine the role and clinical signifi-
cance of the DUC fragment. CTMA can be a valuable tool
in the assessment of intra-articular DRFs.

Acknowledgements The authors wish to thank Dr Per Fischer for assis-
tance and advice and medical secretary Kajsa Jagerbro.

Funding Open access funding provided by Orebro University. This
article is funded by Region Orebro ldn, OLL-933410, Eva Lundqvist.

Data availability The data that support the findings of this study are
available from the corresponding author, EL, upon reasonable request.

Declarations

Conflict of Interest Dr Olivecrona is occasionally engaged by Sectra
as an independent consultant for software development. The authors
declared no other potential conflicts of interest with respect to the re-
search, authorship, and/or publication of this article.

Ethical Approval The study was approved by the Swedish Ethical
Review Authority (EPN, 2019-04377).

Informed Consent For this type of study, informed consent is not
required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,



Indian Journal of Orthopaedics (2023) 57:2031-2039

2039

provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

13.

Brogren, E., Petranek, M., & Atroshi, I. (2007). Incidence and
characteristics of distal radius fractures in a southern Swedish
region. BMC Musculoskeletal Disorders, 8, 48.

Karl, J. W., Olson, P. R., & Rosenwasser, M. P. (2015). The epide-
miology of upper extremity fractures in the United States, 2009.
Journal of Orthopaedic Trauma, 29(8), e242—e244.

Mattila, V. M., Huttunen, T. T., Sillanpéi, P., Niemi, S., Pihla-
jamaki, H., & Kannus, P. (2011). Significant change in the surgical
treatment of distal radius fractures: A nationwide study between
1998 and 2008 in Finland. Journal of Trauma, 71(4), 939-943.
Mellstrand-Navarro, C., Pettersson, H. J., Tornqvist, H., & Ponzer,
S. (2014). The operative treatment of fractures of the distal radius
is increasing: results from a nationwide Swedish study. The Bone
& Joint Journal, 96-B(7), 963-969.

Fok, M. W,, Klausmeyer, M. A., Fernandez, D. L., Orbay, J. L., &
Bergada, A. L. (2013). Volar plate fixation of intra-articular distal
radius fractures: A retrospective study. Journal of wrist surgery,
2(3), 247-254.

Lundqvist, E., Fischer, P., Wretenberg, P., Pettersson, K., Lopez
Personat, A., & Sagerfors, M. (2022). Volar locking plate com-
pared with combined plating of AO type C distal radius fractures:
a randomized controlled study of 150 cases. The Journal of Hand
Surgery. https://doi.org/10.1016/j.jhsa.2022.04.018

Arora, R., Lutz, M., Hennerbichler, A., Krappinger, D., Espen, D.,
& Gabl, M. (2007). Complications following internal fixation of
unstable distal radius fracture with a palmar locking-plate. Jour-
nal of Orthopaedic Trauma, 21(5), 316-322.

Esenwein, P., Sonderegger, J., Gruenert, J., Ellenrieder, B., Taw-
fik, J., & Jakubietz, M. (2013). Complications following palmar
plate fixation of distal radius fractures: A review of 665 cases.
Archives of Orthopaedic and Trauma Surgery, 133(8), 1155-1162.
Zimmer, J., Atwood, D. N., Lovy, A. J., Bridgeman, J., Shin,
A. Y., & Brogan, D. M. (2020). Characterization of the dorsal
ulnar corner in distal radius fractures in postmenopausal females:
Implications for surgical decision making. The Journal of Hand
Surgery, 45(6), 495-502.

Miyashima, Y., Kaneshiro, Y., Yano, K., Teraura, H., Sakanaka,
H., & Uemura, T. (2019). Size and stabilization of the dorsoulnar
fragment in AO C3-type distal radius fractures. Injury, 50(11),
2004-2008.

Broden, C., Sandberg, O., Skoldenberg, O., et al. (2020). Low-
dose CT-based implant motion analysis is a precise tool for early
migration measurements of hip cups: A clinical study of 24
patients. Acta Orthopaedica, 91(3), 260-265.

. Broden, C., Sandberg, O., Olivecrona, H., Emery, R., & Skolden-

berg, O. (2021). Precision of CT-based micromotion analysis is
comparable to radiostereometry for early migration measurements
in cemented acetabular cups. Acta Orthopaedica, 92(4), 419-423.
Angelomenos, V., Mohaddes, M., Itayem, R., & Shareghi, B.
(2022). Precision of low-dose CT-based micromotion analysis
technique for the assessment of early acetabular cup migration
compared with gold standard RSA: A prospective study of 30
patients up to 1 year. Acta Orthopaedica, 93, 459-465.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Valstar, E. R., Gill, R., Ryd, L., Flivik, G., Borlin, N., & Kar-
rholm, J. (2005). Guidelines for standardization of radiostereom-
etry (RSA) of implants. Acta Orthopaedica, 76(4), 563-572.
Schriever, T., Olivecrona, H., & Wilcke, M. (2020). Triquetral
motion is limited in vivo after lunocapitate arthrodesis. Journal
of Hand Surgery Global Online, 2(1), 42-45.

Schriever, T., Olivecrona, H., & Wilcke, M. (2021). There is
motion between the scaphoid and the lunate during the dart-
throwing motion. Journal of Plastic Surgery and Hand Surgery,
55(5), 294-296.

World Medical Association. WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human Subjects. 2013.
O’Shaughnessy, M. A., Shin, A. Y., & Kakar, S. (2016). Stabilization
of volar ulnar rim fractures of the distal radius: current techniques
and review of the literature. Journal of Wrist Surgery, 5(2), 113-119.
Lundin, N., Olivecrona, H., Bakhshayesh, P., Gordon Murkes,
L., & Enocson, A. (2023). Computed tomography micromotion
analysis in the follow-up of patients with surgically treated pel-
vic fractures: a prospective clinical study. European Journal of
Orthopaedic Surgery & Traumatology. https://doi.org/10.1007/
s00590-023-03542-w

Mellstrand Navarro, C., Ponzer, S., Tornkvist, H., Ahrengart, L.,
& Bergstrom, G. (2011). Measuring outcome after wrist injury:
Translation and validation of the Swedish version of the patient-
rated wrist evaluation (PRWE-Swe). BMC Musculoskeletal Dis-
orders, 12, 171.

Gummesson, C., Ward, M. M., & Atroshi, 1. (2006). The short-
ened disabilities of the arm, shoulder and hand questionnaire
(QuickDASH): Validity and reliability based on responses within
the full-length DASH. BMC Musculoskeletal Disorders, 7, 44.
National Manual for measuring motion and strength in the elbow,
forearm and hand. In 1 ed: HAKIR, Handkirurgiskt kvalitetsreg-
ister, www.hakir.se; 2019

Petersen, P., Petrick, M., Connor, H., & Conklin, D. (1989). Grip
strength and hand dominance: Challenging the 10% rule. Ameri-
can Journal of Occupational Therapy, 43(7), 444—447.

Batra, S., & Gupta, A. (2002). The effect of fracture-related fac-
tors on the functional outcome at 1 year in distal radius fractures.
Injury, 33(6), 499-502.

Bain, G. L., Alexander, J. J., Eng, K., Durrant, A., & Zumstein, M.
A. (2013). Ligament origins are preserved in distal radial intraar-
ticular two-part fractures: A computed tomography-based study.
Journal of Wrist Surgery., 2(3), 255-262.

Wall, L. B., Brodt, M. D., Silva, M. J., Boyer, M. 1, & Calfee, R.
P. (2012). The effects of screw length on stability of simulated
osteoporotic distal radius fractures fixed with volar locking plates.
The Journal of Hand Surgery, 37(3), 446-453.

Kunes, J. A., Hong, D. Y., Hellwinkel, J. E., Tedesco, L. J., &
Strauch, R. J. (2022). Extensor tendon injury after volar locking
plating for distal radius fractures: a systematic review. Hand (NY).
https://doi.org/10.1177/15589447211068186

Ohno, K., Takigawa, N., Watanabe, C., Oda, A., Ishizu, T., & Neo,
M. (2021). Effect of downsized screw selection on bone healing
and postoperative complications in volar plating of distal radius
fractures. Orthopedics, 44(2), e259—e265.

Hoffmeier, K. L., Hofmann, G. O., & Miickley, T. (2009). The
strength of polyaxial locking interfaces of distal radius plates.
Clinical Biomechanics (Bristol, Avon), 24(8), 637-641.
Lameijer, C., Ten Duis, H., Van Dusseldorp, 1., Dijkstra, P., & van
der Sluis, C. (2017). Prevalence of posttraumatic arthritis and the
association with outcome measures following distal radius frac-
tures in non-osteoporotic patients: A systematic review. Archives
of Orthopaedic and Trauma Surgery, 137(11), 1499-1513.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jhsa.2022.04.018
https://doi.org/10.1007/s00590-023-03542-w
https://doi.org/10.1007/s00590-023-03542-w
http://www.hakir.se
https://doi.org/10.1177/15589447211068186

	CT-Based Micromotion Analysis After Locking Plate Fixation of AO Type C Distal Radius Fractures
	Abstract
	Background 
	Materials and Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	Surgical Technique
	Clinical Evaluation
	Radiographic Evaluation and Motion Analysis

	Results
	Complications

	Discussion
	Acknowledgements 
	References




