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DRF may frequently cause injury to the distal 
radioulnar joint (DRUJ) and lead to symptoma- 
tic instability after the bone union. This instabil-
ity can cause ulnar-sided wrist pain, limitation 
and painful forearm rotation, weakness in grip 
strength, and osteoarthritis. The stability of dis-
tal radioulnar joint (DRUJ) is dependent on the 
combination of four elements, including “1) the 
triangular fibrocartilage complex (TFCC), 2) the 
bony articulation underlying between the ulnar 
head and radius sigmoid notch and beyond the 
fibrocartilaginous rim, 3) distal interosseous 
membrane (DIOM) and 4) the pronator quadra-
tus”, among which TFCC, the radioulnar liga-
ments in particular, and then, DIOM are the 
major stabilizers of DRUJ [9, 10].

Introduction

Distal radius fractures (DRF) are one of the 
most common types of orthopedic injuries [1, 
2], accounting for 15% of all fracture-related 
referrals to emergencies [3, 4]. This type of 
fracture has a bimodal age rate curve with an 
increased incidence rate in children and the 
elderly [5]. 

Most DRFs are managed conservatively with 
closed reduction and plaster cast immobiliza-
tion, while unstable ones require surgical fixa-
tion [6, 7]. Closed reduction with cast immobili-
zation is not appropriate for the elderly, as they 
are at increased risk for displacement and 
prone to poor function recovery [8].
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The Ethics Committee of Isfahan University  
of Medical Sciences approved the study pro- 
tocol primarily (Ethics code: IR.MUI.MED.
REC.1398.054). This study is also approved by 
the Iranian Registry of Clinical Trial (IRCT) with 
the code of: IRCT20200604047653N1. After 
that, the patients were informed about the 
study protocol, they were reassured about the 
confidentiality of the information, and written 
consent for participation in the study was 
obtained.

Inclusion and exclusion criteria

The inclusion criteria of this study were age 
between 18-55 years, diagnosis of distal radi-
us fracture (type 1 based on Fernandez Clas- 
sification of Distal Radius Fractures: bending 
fracture of metaphysic [17]), having over 2 mm 
coronal shift and signing the written informed 
consent to participate in this study. The Fer- 
nandez classification aimed to provide a sys-
tem that primarily focused on the mechanism 
of injury to classify injuries to standardize treat-
ment accurately. Type 1 of this classification is 
recognized as a bending fracture of the meta-
physic [18].

The non-entry criteria were open fractures, 
multiple fractures, medical conditions such as 
diabetes, osteoporosis, cerebral palsy, polio- 
myelitis and stroke, and malalignment of the 
upper extremities before the fracture inciden- 
ce. 

The exclusion criteria were improper follow-up 
and over 20% defects in patient’s medical 
records. 

Study population

The patients who met the inclusion criteria 
were included in the study until the desired 
number of patients was allocated to each  
DRF management approach. The approaches 
included volar locking plates or conservative 
non-operative casting. 

Procedures

A posteroanterior (PA) radiograph was obtain- 
ed primarily to distinguish radial translation. In 
this term, a reference line along the ulnar 
aspect of the radial diaphysis distally across 
the carpus was depicted, and over 2 mm of 

By assessing DRUJ injuries due to DRF, it is 
assumed that the intact DIOM plays the most 
significant role, as TFCC is frequently injured. 
DIOM plays the stabilizer role in the forearm by 
its resting tension [9]. An anatomical study de- 
monstrated that DIOM originates palmar and 
proximal on the ulna and extends to the dorsal 
and distal part of the radius. Therefore, it func-
tions as resistance in the dorsal translation of 
the radius while supinating [11].

The coronal shift also known as radial transla-
tion is defined as the coronal shift of the proxi-
mal fractured part of the radius to the ulna that 
causes significant complications such as a de- 
crease in DIOM tension and increased laxity 
because of narrowing occurrence in the radio- 
ulnar distance proximal to the site of DRF [12, 
13]. A cadaveric study by Dy and colleagues 
presented a considerable increase in DRUJ 
instability in cases with coronal shift due to 
DRF, even as small as 2 mm [12]. Therefore, 
the appropriate anatomical reduction of this 
fracture leads to re-tensions on DIOM, conse-
quently causing contact pressures and, even- 
tually, the ulnar head seats within the sigmoid 
notch. Together, these conditions help the pa- 
tient achieve an appropriate wrist function [11, 
14, 15].

Despite what was mentioned above, informa-
tion about DRF management with the coronal 
shift is limited. The classical assessment of 
DRF management consists of five items of 
ulnar variance, radial inclination, articular con-
gruity, a dorsal tilt of less than 10°, and carpal 
malalignment; however, recently, the attention 
has been deviated toward including coronal 
plane shift reduction in the above criterion  
due to the significance of DRUJ stability [16]. 
Therefore, in the current study, we are aimed to 
assess the DRF conservative management ver-
sus volar plate fixation in a 24-month follow-up 
study of patients with DRF plus coronal shift.

Methods and material

Study design

This is clinical trial was conducted on 50 
patients with distal radial fracture plus radius 
coronal shift referred to the Kashani Hospital 
affiliated at Isfahan University of Medical 
Sciences from March 2014 to April 2017. 
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deviation, and radial deviation. These variables 
were measured using a goniometer. We also 
measured the subjective functional outcomes 
presented by the patients using the functional 
score on the Disabilities of the Arm, Shoulder, 
and Hand (DASH) questionnaire, pain score 
based on the Visual Analogue Scale (VAS), and 
handgrip strength (HGS) measured via a dy- 
namometer.

All of the measurements were performed by  
a skilled orthopedist to prevent the probable 
interobserver bias.

Wrists function in different directions

The supination and pronation range of motion 
was measured while a patient took a pencil by 
each of the hands; the elbows were 90 de- 
grees flexed and wholly attached to the body. 
Then, the patient was requested to rotate the 
hands internally and externally. The degree 
between the pencil and the perpendicular line 
to the desk surface was defined as the de- 
grees of supination and pronation.

The other directions were measured when the 
elbow was 90 degrees flexed and wholly 
attached to the body, the wrist was neutrally 
positioned, and the fingers were released.  
Then the patient was requested to perform 
each of the motions, and the activities were 
measured using a goniometer again. 

Used questionnaires 

DASH is a thirty-item validated outcome ques-
tionnaire measuring the physical function of 
the upper extremity disability on the basis and 
symptoms. DASH score includes a question-
naire that examines symptoms (such as pain, 
weakness, etc.) and the patient’s ability to  
perform some physical activity, and patients 
answer all the questions according to their 
health status. The DASH consists mainly of a 
30-item disability/symptom scale, scored 0 (no 
disability) to 100 [19]. 

The severity of pain was subjectively represent-
ed by the patients using the VAS. Based on 
VAS, the patient’s pain was scored from 0 (no 
pain) to 10 (most severe pain) [20].

Handgrip strength 

HGS is conducted to measure the maximum 
isometric strength of the hand and forearm 

proximal radius shift in coronal plane toward 
ulna plus less than 70% of lunate width remain-
ing ulnar to the reference line were considered 
as coronal shift [16].

Then, the fractures were primarily reduced,  
and a sugar tongue splint was administered. 
Following the close reduction, radiography with 
a similar protocol as the previous one was 
taken to observe if the coronal shift remained.

After that, cases whose coronal shift was pre-
served were randomly allocated to be treated 
conservatively or surgically using Random Al- 
location software. Therefore, each patient was 
provided with a particular number, if even giv-
ing them to the conservative treatment and if 
odd to the volar locking plate fixation.

Conservative approach

For the patients who underwent conservative 
treatment, a standard long arm cast in a neu-
tral position using the molding technique in 
three points was taken for six subsequent 
weeks.

Surgical approach

To apply to the distal part of the radius anteri-
orly, the Henry approach was administered. 
Therefore, after the exposure of the fractured 
parts, a retractor was placed within the inter- 
osseous space, and the ulnar-shifted proximal 
part of the radial was moved toward the ana-
tomical place. Then, a pin was used to fix the 
distal and proximal portions to each other pro-
visionally. After that, a locking plate (3.5 mm) 
was placed on the volar surface and fixed to 
both proximal and distal parts using screws. In 
the next step, by the fixation of the volar plate, 
the pin was removed. By the end of the proce-
dure, the tourniquet was removed, a drain was 
embedded, and the subcutaneous and cutane-
ous tissues were restored. A standard long arm 
splint in a neutral position was taken for two 
subsequent weeks.

Outcome assessments

Patients were followed for 24 months after sur-
geries and regular visits were conducted at 3, 
6, 12 and 24 months. During these visits, pri-
mary variables were assessed in all cases. The 
study’s primary outcomes included the wrist 
function in different directions, including flex-
ion, dorsiflexion, pronation, supination, ulnar 
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muscles by a dynamometer. To perform this 
test, the patient squeezes the dynamometer 
with maximum isometric effort, maintained for 
about 5 seconds. The best score of the patient 
is recorded as HGS. It is indicated that an HGS 
of more than 64 kg is an excellent result, and 
HGS between 44-47 kg is below the average, 
and HGS of below 40 kg is considered a very 
poor result [21, 22]. 

Statistical analysis

The obtained data were entered into the Sta- 
tistical Package for Statistical Sciences (SPSS) 
version 23. The descriptive data were present-
ed in mean, standard deviation, absolute num-
bers, and percentages. For the analytics, Chi-
square, independent T-test, and Mann-Whitney 
were used. P-value of less than 0.05 was con-
sidered a significant level.

Results

Study population 

The eligibility of 60 patients was assessed for 
participation in the current study. Two refused 
to participate, five did not meet the inclusion 
criteria, and 53 patients were allocated to the 
treatment approaches. One of the cases in the 
conservative treatment group and two pa- 
tients in the latter group did not refer for refer-
ral visits and were excluded. Eventually, 50 
patients, including 25 ones in the conservative 
treatment approach and 25 patients in the sur-
gical volar plated fixation group, fulfilled the 
study.

Demographic data

The age range of the study groups was 18-55 
years old, and they were followed for 12-24 
months postoperatively. The comparison of two 
studied groups in terms of age (P-value =0.08), 
gender (P-value =0.70), and follow-up interval 

(P-value =0.56) revealed insignificant differen- 
ces. Detailed information is demonstrated in 
Table 1.

Pain and limb function 

The comparison of the two groups in terms of 
the range of motions, DASH score, VAS score, 
and handgrip strength has been demonstrated 
in Table 2. Based on this table, both approach-
es led to significant changes in better range of 
motion in different directions, less pain se- 
verity based on VAS, better DASH scores, and 
improved handgrip strength at the end of the 
two-year follow-up. 

Wrist function

The comparison of the trend of changes in the 
two groups by the end of the 24 months 
revealed a remarkable better range of motions 
among the operated cases (P-value <0.05) 
except for flexion (P-value =0.11). In addition, 
the trend of changes in the VAS score (P-value 
<0.001) and HGS statuses (P-value <0.001) 
was significantly better in the patients who 
underwent volar plated fixation, but the DASH 
score changes showed non-significant differ-
ences (P-value =0.06).

Discussion

The current report is a controlled randomized 
trial comparing two methods of conservative 
versus volar plate fixation for the management 
of DRF (type 1 based on Fernandez Classifi- 
cation of Distal Radius Fractures) plus coronal 
shift. The other strong point of this study is its 
long-term follow-up period accounting for 24 
months postoperatively. Our results insisted on 
the efficiency of both approaches for the man-
agement of DRF; however, the comparison of 
the two groups strongly favored the surgical 
approach compared to conservative manage-
ment. In this clinical trial, the trend of changes 

Table 1. The comparison of demographic information between non-operative treatment versus volar 
plated fixation treatment

Variable
Type of management

P-value
Non-operative management Volar plated fixation

Age (years), mean ± std 33.72±6.74 37.68±9.18 0.08*

Follow-up postoperation interval (months), mean ± std 16.32±4.10 16.56±3.62 0.70**

Gender, n (%) Male 14 (28%) 16 (32%) 0.56£

Female 11 (22%) 9 (18%)
*T-test; **Mann-Whitney; £Chi-square.
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Table 2. The comparison of the wrist function between Volar plated fixation versus non-operative 
management

Variables
Time

P-value** P-value**

Three months Six months 12 months 24 months
Flexion, (degrees) Volar plated fixation 51.40±18.04 59.52±16.78 65.88±15.33 69.52±14.12 <0.001 0.11

Non-operative management 54.64±17.92 59.20±17.39 65.28±15.80 68.01±15.15 <0.001

P-value* 0.52 0.94 0.89 0.71

Dorsiflexion, (degrees) Volar plated fixation 49.04±16.63 51.56±15.44 60.92±14.16 63.33±13.17 <0.001 0.03

Non-operative management 54.72±12.97 57.32±13.90 62.64±14.80 66.87±14.06 <0.001

P-value* 0.18 0.17 0.67 0.37

Radial deviation, (degree) Volar plated fixation 17.87±8.03 17.96±7.08 19.56±7.90 20.72±6.10 <0.001 <0.001

Non-operative management 16.16±5.82 19.36±6.25 22.44±5.85 25.16±6.018 <0.001

P-value* 0.40 0.46 0.12 0.01

Ulnar deviation, (degree) Volar plated fixation 24.48±7.59 28.40±8.07 33.04±7.67 34.92±8.06 <0.001 0.001

Non-operative management 29.08±6.19 31.36±5.80 37.52±6.16 38.32±5.72 <0.001

P-value* 0.02 0.14 0.2 0.09

Supination, (degree) Volar plated fixation 67.60±10.16 78.88±9.34 80.48±8.87 81.32±8.19 0.01 <0.001

Non-operative management 66.28±12.33 71.20±13.16 77.16±14.40 77.01±12.92 0.02

P-value* 0.68 0.02 0.33 0.16

Pronation, (degree) Volar plated fixation 80.08±10.15 75.52±8.94 81.28±10.61 81.69±9.68 <0.001 <0.001

Non-operative management 75.76±10.02 77.08±9.29 80.16±8.53 81.41±7.06 <0.001

P-value* 0.14 0.51 0.68 0.91

DASH score Volar plated fixation 29.41±13.91 20.64±6.74 14.72±6.96 11.68±6.36 <0.001 0.06

Non-operative management 40.40±12.46 26.76±6.18 20.72±5.98 16.84±5.38 <0.001

P-value* 0.005 0.002 0.002 0.003

VAS score Volar plated fixation 2.24±1.20 2.96±1.30 1.96±1.67 1.24±1.20 <0.001 <0.001

Non-operative management 4.24±1.30 2.84±0.89 3.48±1.41 2.48±1.29 <0.001

P-value* <0.001 0.70 0.001 0.001

Handgrip strength Volar plated fixation 17.12±6.71 16.44±6.75 27.20±8.10 30.60±8.17 <0.001 <0.001

Non-operative management 15.81±6.65 20.80±7.15 25.76±7.11 29.16±6.77 <0.001

P-value* 0.48 0.03 0.51 0.50
*Independent Samples T-Test. **Repeated Measures. VAS = Visual Analog Scale. DASH = Disabilities of the Arm, Shoulder and Hand questionnaire.

in a different range of motion entities was 
remarkably better in the operated cases other 
than wrist flexion. Besides, the operated cases 
represented superior HGS and less severe pain 
than the latter ones. Surprisingly, the trend of 
subjective presentations of the patients about 
the outcomes using DASH revealed an insignifi-
cant difference between the groups, while the 
sole comparison of the two approaches at each 
of the assessment stages was in favor of the 
surgical procedure than the conservative one.

Most of the studies in the literature have not 
insisted on the significance of coronal shift in- 
cidence due to DRF. However, they agreed with 
our study regarding the superiority of surgical 
management compared to the conservative 
nonsurgical approach [23-25].

The outcomes of our study made us propose 
the theory about the necessity of determining 
the indications for each of the existing app- 
roaches in cases with DRF plus radial transla-

tion, conservative management, in particular, a 
point that has been presented by Ross and col-
leagues in a study assessing the use of volar 
locking plate for the management of DRFs with 
coronal shift [26]. Nevertheless, there is no 
protocol for the approaches used for the man-
agement of this condition. At the same time, it 
is well-clarified that the correction of the coro-
nal shift should be prioritized in cases with  
DRF, as cadaver studies simulating coronal 
shift due to DRF have shown that radial trans- 
lation for only 2 mm led to considerable DRUJ 
instability [12].

The studies in the literature have only recom-
mended varieties of fixation techniques but 
have not been conducted on large numbers of 
patients. Ross and colleagues insisted on the 
excellent values of volar plate fixation for sagit-
tal plane alignment with the restoration of volar 
tilt, while the nature of this technique cannot 
assist with the management of coronal shift; 
therefore, they proposed a technique of open 
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reduction and internal fixation during the surgi-
cal procedure for the correction of radial trans-
lation. After that, to confirm their recommend-
ed approach, they claimed that correction of 
coronal shift lessens the requirement for ulnar-
sided surgical procedures [26], a fact present-
ed by Saw and others [26], a fact that was pre-
sented by Saw and others, as well [27]. In this 
order, varieties of techniques during the use of 
volar plates have been represented. For in- 
stance, Raply and others presented that using 
a Gelpi retractor in the volar approach can  
help coronal shift correction. In this term, the 
Gelpi retractor is placed between the ulna and 
radius to spread adequate tension apart these 
bones until achieving appropriate tension or 
using an external fixator as an alternative for 
imposing the required tension. Another tech-
nique was the use of an Armye/Navy retractor 
inserted in the interosseous space and rotated 
for 90 degrees until the achievement of radius 
reduction [28]. The other suggested technique 
was to use a volar plate as the reduction tool 
represented by Moritomo and Omori [11]. Al- 
ternatively, Trehan and colleagues preferred a 
technique in which a Hohmann retractor was 
used to place on the ulnar metaphyseal flare.  
At the same time, a counter-pressure is applied 
to the radial styloid [16]. Senehi and colleagues 
suggested a maneuver during volar plate fixa-
tion of DRF so that the proximal plate is cheat-
ed in the ulnar direction while the intraarticular 
surface is reduced distally using the volar lock-
ing plate as a guide. By completing the intraar-
ticular reduction, the proximal screw will be 
loosened, and the DRUJ will be reduced by the 
proximal plate radially translation [29]. The 
strength of this indirect reduction mechanism 
is the maintenance of pronator quadratus and 
interosseous membrane tension and, there-
fore, DRUJ stability [10].

The main limitations of this study were the 
restricted study population and including pa- 
tients with type 1 distal radius fracture. It is 
believed that further research on larger popula-
tions and including other fracture types could 
reveal important data. 

In summary, the current study compares the 
volar plate fixation approaches for the correc-
tion of DRF plus coronal shift versus conserva-
tive management in which the surgical appro- 
ach was superior. There was no similar study 
comparing different approaches or even dem-

onstrating the efficacy of each of the appro- 
aches. Still, they have recommended varieties 
of techniques for fracture correction in both 
sagittal and coronal planes [30, 31]. Therefore, 
further studies to achieve a proper approach 
for the management of DRF plus radial transla-
tion are strongly recommended.

Conclusion

The long-term outcomes of volar plate fixation 
for the management of DRF (bending fracture 
of metaphysic) plus coronal shift are notably 
superior to the conservative treatment; howev-
er, due to limited information, further evalua-
tions are recommended in this regard to gener-
alizing the outcomes. 
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