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Abstract 

Introduction: Distal radius fractures are much more prone to malunion than unstable extra-articular fractures. 

There is no clear consensus concerning what the proper treatment should be, and the best approach to use for 

displaced distal radius fractures remains challenging. 

Aims and Objectives: In this prospective study, we aimed to compare the radiological, clinical, and functional 

results of a volar radius locking plate, and K-wire augmented bridging external fixator in the treatment of 

unstable distal radius fractures 

Methods: From August 2019 to November 2021, 32 patients who had experienced unstable fractures of the 

distal radius were taken into this study in Govt. Hospital for Bone and Joint Surgery, assoc.  hospital of 

Government Medical College, Srinagar. The patients were divided into two groups, one comprising of patients 

who were treated with internal fixation using the volar locking plate and the other group which had patients who 

were treated with external fixators augmented with K-wires. The primary outcome was a composite measure of 

the patient's quality of life using the MAYO score, DASH score, and assessment using the Green and O'Brien 

and the Gartland–Werley  scoring system. The radiographic parameters included radial inclination, volar tilt, 

radial length, ulnar deviation, and articular step-off. 

Results: A total of 32 patients were allocated randomly to two groups. The mean age for the external fixator 

group was 48.3 years and 41.5 years for the volar locking plate group. Grip power was significantly different 

between the two groups, but no significant differences were detected in the range of motion (p=0.007, p=0.295, 

respectively). The MAYO score was significantly higher in the open reduction and internal fixation (ORIF) 

group. The DASH score was not significantly different between the two groups (p=0.138). We observed that 

volar locking plates showed significantly better results than external fixation using the Green and O'Brien 

scoring and the Gartland–Werley  scoring system. No difference between these two groups of patients was 

found in pain and activity. The ulnar deviation and articular step-off were significantly more improved in the 

volar locking plate group than the Ex Fix group, being 0.4 vs 1.3 mm (p = 0.002) and 0.4 vs 1.1mm (p = 0.006). 

Conclusions: Volar locking plate fixation is a preferred surgical procedure to K-wire augmented bridging 

external fixator for the treatment of unstable distal radius fractures considering cost-effectiveness and earlier 

return to usual work due to better wrist mobility, correction of ulnar variance, and improved articular 

congruence with comparable overall functional outcomes and complication rate. 
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Introduction 

Fracture of the distal radius is the most common type 

of fracture in the orthopedic emergency department, 

and more than 40% of them involve the articular 

surface 
[1]

. A fracture of the distal radius that extends 

intra-articularly is completely unstable and is 

typically indicated for surgical treatment. Evidence 

has shown that a joint step of more than 2 mm can 

increase the risk of traumatic arthritis by more than 

fourfold
 [2, 3]

; radial shortening caused increased 

pressure in the distal radioulnar joint 
[4]

, and dorsal 

angulation of 20° past the original position resulted in 

load transfer through the radioscaphoid and 

ulnocarpal joints 
[5, 6]

. During the last 10 years, the 

volar locking plate (VLP) has gained the most 

popularity in the treatment of distal radius fractures 

due to its excellent biomechanical properties 
[7, 8]

. In 

contrast, external fixation (EF) is not as widely used, 

but is preferred by a significant number of surgeons 

for its ease of application, improved reduction by 

ligamentotaxis, no need for a secondary procedure, 

and acceptable results. However, a higher rate of 

complications, including pin tract infection, loss of 

reduction, radial sensory nerve injury, and complex 

regional pain syndrome, should be feared 
[9–11]

. 

Randomized controlled trials (RCTs) or cohort 

studies have demonstrated the advantages of VLP 

over EF for the treatment of  distal radius fractures, 

especially in the early postoperative period 
[12–14]

. 

Regarding the fracture of the distal radius that 

extends intra-articularly, the reported results have 

been different and even contradictory, whether 

treated with VLP or EF alone 
[3, 15, 16]

 or combined
 [5, 

17]
. However, to our knowledge, data directly 

comparing clinical or radiographic outcomes for the 

treatment of such fractures have been scarce
 [18, 19]

. 

This study aimed to compare the EF and the VLP 

fixation for the treatment of unstable distal radius 

fractures, in terms of radiological outcomes, 

functional outcomes, and complications. 

Materials and methods 

This study was conducted between August 2019 to 

November 2021 in patients with distal radius 

fractures who visited Govt. Hospital for Bone and 

Joint Surgery, associated hospital of Government 

Medical College, Srinagar. This was a prospective 

study, approved by the ethics committee board of 

Government Medical College, Srinagar. Inclusion 

criteria were as follows: age of 18 years or older, a 

definite diagnosis of unstable distal radius fracture, 

fresh fracture, no prior surgery at the injured wrist, 

unilateral fracture, and no concomitant fracture at the 

injured limb. Exclusion criteria were old fractures, 

bilateral fractures of the distal radius, open fractures 

of the distal radius and associated head injuries and 

systematic skeletal diseases (e.g., 

hyperparathyroidism) or local disorder (e.g., tumors, 

Paget disease, or rheumatoid arthritis),  

Surgical procedure: 

For the External fixation group, all surgical 

procedures were performed by a single surgeon at a 

single institution using standard protocols under 

general or regional anesthesia. After the initial 

reduction maneuver, continuous mild traction was 

applied to maintain reduction and alignment. The 

general external fixation technique used two 2.5-mm 

Schanz pins in the second metacarpal and two 3.5-

mm pins in the radius proximal to the fracture. The 

pins were connected and tightened with a solid 

connecting rod and connecting links. After applying 

the reduction frame, an inspection was performed in 

the C arm in the anteroposterior and lateral view (Fig. 

2). Reduction was achieved in all cases by manual 

traction and a closed reduction method. Sterile 

betadine ligation was performed at the pin track site. 

In most cases, addition of two K-wires, generally one 

from the radial side and one from the ulnar side, were 

used for additional stability. Functional exercises of 

the shoulder, elbow, and finger joints were started in 

the early postoperative period (1–3 days) to prevent 

joint stiffness. At 6 weeks postoperatively, the K-

wires and the external fixator was removed and wrist 

exercises were initiated. At 3 weeks, 6 weeks, and 3 

months, a routine radiograph was taken to assess the 

state of the bone union. 
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Figure 1 Pre-op AP and Lateral radiograph 

 

 

Figure 2 Immediate Post-op AP and Lateral radiograph 

 

 

Figure 3 Clinical radiographs showing ROM and functional outcome at 1 year follow up 

 

 

For the volar locking plate group, patients were operated under tourniquet in regional/general anesthesia in the 

supine position. A modified Henry approach was used to make a 08–10 cm longitudinal incision along the 

course of the flexor carpi radialis (FCR) muscle. The FCR tendon, flexor pollicis longus tendon, and radial 

nerve were retracted ulnarly, and the brachioradialis and radial blood vessels were retracted radially. The 

pronator quadrates muscle was then raised from the radial origin and retracted ulnarly to expose the fracture 

fragments. Each fragment was reduced and reconfirmed under fluoroscopic guidance. In the case of impacted 
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fragments into the articular surface or metaphysis, a periosteal elevator is introduced to elevate the fragments. 

Temporary K-wire fixation was used to stabilize the reduced fragments. A 2.4 mm or 3.5 mm T-shaped locking 

plate and screws were placed with additional K-wires for auxiliary fixation if needed (Fig. 5). Postoperatively,  

immobilization was done for 2 weeks. Early motion of the finger, elbow, and shoulder was initiated on the first 

postoperative day. On the 14th day, the bandages and stitches were removed. On day 28, auxiliary K-wires were 

removed; active and passive rehabilitation of the wrist along with gradual strengthening was started. 

Acceptable criteria for fracture reduction were:  

1. Radial inclination >15
o
. 

2. Radial shortening of <5 mm compared to contralateral side. 

3. Sagittal tilt between 15
o
 dorsal and 20

o
 volar tilt. 

4. Intra-articular step-off of <2 mm. 

Figure 4 Pre-op AP and Lateral radiograph showing intra-articular fracture of the distal end of radius 

 

 

Figure 5 Immediate Post-op radiograph showing fixation by distal radius volar locking plate 

   

  

Figure 6 Clinical radiographs showing ROM and functional outcome at 1 year follow up 
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Follow-up and postoperative evaluation 

The minimum follow-up period was 12 months. 

Objective functional outcomes were wrist range of 

motion and grip strength. A goniometer was used to 

measure flexion, extension, supination, and 

pronation. All these measurements were evaluated in 

comparison to the contralateral uninjured wrist, using 

a percentage indicator as an indicator. The patient-

reported DASH scoring system 
[20]

, the Gartland-

Werley scale 
[21]

, and the Green and O'Brien scoring 

system were used to indicate the overall functional 

outcome. The DASH questionnaire was used to 

assess patients' ability to perform daily activities with 

scores ranging from 0, representing no disability, to 

100 points representing maximum disability (the 

higher the score, the more severe the disability). The 

Gartland-Werley scale is a validated medical scoring 

system that combines residual deformity, subjective 

findings, ROM, postoperative complications, and 

poor finger function. The scale ranges from 0 to 52 

points, with a higher score indicating a worse 

outcome. Standard posteroanterior and lateral 

radiographs were used to measure volar inclination, 

radial inclination, radial length, ulnar deviation, and 

articular step. The Green and O'Brien scoring system 

was also used, and scores <65 were considered poor, 

and scores between 65 and 79, 80 and 89, and 

between 90 and 100 were considered fair, good, and 

excellent. At each visit (postoperative 2 weeks, 6 

weeks, 3 months, 6 months, and 12 months), any 

potential complication was evaluated and 

documented, either from patient self-report or 

surgeon review, including infection, plate/screw 

loosening, neuropathy or nerve injury, tendon-related 

problems, loss of reposition, chronic regional pain 

syndrome, malunion, nonunion, refracture, and more. 

Statistical analysis 

All data were entered in SPSS 20.0 (IBM SPSS Inc. 

USA). The mean values of scores (age, surgical 

duration, volar tilt, radial inclination, radial length, 

ulnar deviation, and articular step-off) between the 

two techniques were compared by Student’s t-test 

and scores at different intervals within the same 

group were compared by paired sample t-test. 

Result 

Thirty-Two unstable distal radius fractures were 

treated surgically from August 2019 to November 

2021. The mechanism of injury was as follows: fall 

from a height (9), motor vehicle collision (8), sports-

related injury (3), fall from a greater height (5), 

industrial machinery injury (2), and other (5). . 

Seventeen patients had right wrist involvement and 

15 patients had left wrist involvement. Four (12.5%) 

patients had a concomitant ulnar styloid fracture. 

There were 12 men and 4 women in the VLP group 

and their average age was 41.5 years. There were 10 

men and 6 women in the EF group with an average 

age of 48.3 years. There was no significant difference 

between the two groups with regard to age, gender, 

side of the injured wrist, hands, mechanism of injury, 

time to surgery, bone grafting, and length of follow-

up (p > 0.05). A significantly longer operative time 

(75 min vs. 62 min, p = 0.023) was found in the VLP 

group compared to the EF group. All fractures 

achieved satisfactory reduction as seen on 

postoperative immediate radiographs. The mean 

follow-up was 15.2 months (range, 12 to 34 months). 

Results showed that VLP performed better in wrist 

flexion (68.5° vs 61.2°, p < 0.002), forearm pronation 

(71.9° vs 65.7°, p = 0.026) and supination (69.5° vs 

62.4°, p = 0.041) EF. With respect to the other 

parameters (extension, ulnar deviation, and radial 

deviation), no significant difference (p > 0.05) was 

found (Table 4). 
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Table 1. Mean and SD of age distribution in the external fixator and volar plate fixation groups, analyzed 

by t-test 

Group Minimum 

age (Year) 

Maximum age 

(Year) 

Mean 

(Year) 

Standard 

deviation 

P value 

External fixator 27 49 48.3 4.2 0.193 

Volar Plate 23 49 41.5 5.5 0.119 

All patient 23 49 45 5.5 0.348 

 

Table 2. Gender distribution in external fixator and volar plate fixation groups analyzed by Pearson Chi-

Squared 

Gender Male Female All patients 

n % n % n % 

External fixator group 10 62.5 6 37.5 16 100 

Volar Plate fixation group 12 75 4 25 16 100 

All patients 22 68.75 10 31.25 32 100 

P value p=0.123 p=0.345 p=0.022 

 

Table 2. Functional Results 

 Group 1 (EF) (n=16)  Group 2 (VLP) 

(n=16) 

p-value* 

 Mean  (Standard 

deviation) 

 Mean (Standard 

deviation) 

 

Mayo score 73.97 (8.841)  76.55 (10.921) 0.117 

Quick Dash score 5.41 (3.802)  4.94 (3.12) 0.548 

Union time (week) 6.86 (0.849)  7.63 (1.297) 0.001 

Gartland–Werley score 

(points) 

3.7 (2.4)  2.5 (2.7) 0.086 

Green and O’Brien 87.36 ± 11.62  81.55 ± 11.327 0.010 
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score 

*Mann-Whitney U test, p<0.05. BEF: Bridging external fixator; VLP: Volar radial 

locking plate. 

 

 

 

 

 

 

Table 4. Comparison of wrist ROM and grip strength at the last visit 

 External 

fixation 

 VLP 

fixation 

  

Mean (sd) % of the value on 

contralat. side 

Mean (sd) % of the value on 

contralat. side 

Flexion (deg) 61.2 (6.7) 89.6 68.5 (8.6) 95.6 < 0.001 

Extension (deg) 60.2 (11.8) 92.7 61.1 (10.9) 93.7 0.657 

Pronation (deg) 65.7 (8.6) 88.3 71.9 (9.7) 94.6 0.027 

Supination (deg) 62.4 (9.9) 87.2 69.5 (10.5) 95.2 0.033 

Radial deviation (deg) 19.4 (7.7) 90.4 19.7 (6.8) 91.3 0.798 

Ulnar deviation (deg) 29.5 (4.6) 91.8 31.0 (5.7) 94.2 0.276 

Grip strength (kg) 25.7 (6.2) 94.0 26.2 (7.4) 96.0 0.893 

Volar tilt (degree) 12.35 

(2.149) 

90.1 12.52 

(2.279) 

93.2 0.594 

Radial inclination 

(mm) 

10.78 

(3.039) 

89.4 14.19 

(2.959) 

92.4 0.001 

Radial length (mm) 7.85 (2.439) 91.4 10.50 

(2.068) 

94.3 0.001 

 

Table 5.  Comparison of Green and O’Brien score in two  techniques at 6 months and 1-year follow-up 
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                            Volar 

plating 

External 

fixator 

P 

value 

Volar 

plating 

External 

fixator 

P 

value 

Pain  19.91 ± 4.6 21.22 ± 

3.71 

0.129 22.36 ± 2.86 21.33 ± 3.5 0.114 

ROM 17.36 ± 6.2 19.67 ± 5.3 0.053 22.0 ± 4.77 19.89 ± 5.05 0.035 

Grip strength    16.91 ± 5.3 16.78 ± 4.4 0.895 19.91 ± 5.4 16.89 ± 4.4 0.003 

Activity  21.36 ± 4.4 22.67 ± 3.1 0.161 23.09 ± 2.6 23.44 ± 2.78 0.517 

Final score 75.54 ± 17.7 80.33 ± 

11.25 

0.120 87.36 ± 

11.62 

81.55 ± 

11.327 

0.010 

The mean grip strength of the operated wrist was 

94% of that of the contralateral uninjured wrist in the 

VLP group, compared to 92% in the EF group (p = 

0.893) (Table 4). 

Regarding radiographic parameters, there is no 

significant difference in comparison of the volar 

slope, radial slope, or radial length (p > 0.05). The 

ulnar variance on the final radiographs in the VLP 

group was 0.6 ± 1.3 mm and in the EF group was 1.6 

± 1.8 mm, indicating a significant difference (p = 

0.002). The radial-carpal articular distance in the 

VLP group was significantly smaller than in the EF 

group (0.5 ± 1.1 mm vs 1.2 ± 1.4 mm, p = 0.007) 

(Table 3). The VLP group showed better Gartland–

Werley scores (2.5 ± 2.7 vs 3.7 ± 0.2.4) than the EF 

group, although the difference did not approach 

statistical significance (p = 0.086). Regarding the 

DASH, both groups showed similar superior 

performances, scoring 16 ± 12 in the EF group versus 

12 ± 15 points in the VLP group (p = 0.162) (Table 

3). In the EF group, 3 complications occurred 

indicating an incidence of 18.75% (3/16); pin 

infection was the most common complication, 

followed by complex regional pain syndrome . In the 

VLP group, there were 2 complications including 1 

case of plate/screw problem (screw too long, or 

penetration) and 1 case of scar hypertrophy. The 

overall complication rate did not differ between the 

two groups (p = 0.587), although the difference 

appeared large (18.75% vs. 12.5%). 

Discussion 

Regarding unstable intra-articular fractures of the 

distal radius, various surgical procedures have been 

proposed, but none has shown superiority over the 

others 
[3, 19, 23–25]

. The optimal treatment method of 

choice is still a controversial issue. In the study, we 

compared EF and VLP for the treatment of unstable 

distal radius fractures and demonstrated the 

superiority of VLP in preserving joint stability and 

joint congruence and improving joint mobility. 

However, at the final follow-up, total complications 

and functional scores based on the DASH or 

Gartland-Werley scale were not significantly 

different (p > 0.05). During the last decade, the use of 

VLP has gained the most popularity in the treatment 

of unstable fractures of the distal radius due to its 

advantages. The open method via the volar approach 

allowed good exposure of the fracture fragments for 

easy manipulation, which was more useful in the 

reduction of compressed or impacted fragments. The 

solid angle and locking screw/hole allowed small 

fragments to be secured and provided better support. 

In comparison, traction alone may not be effective in 

EF because ligamentotaxis primarily operates 

through the strong volar ligaments. This could be 

used to largely explain the difference in the final 

articular step (0.5 mm vs 1.2 mm) and ulnar variance 

(0.6 mm vs 1.6 mm) between the two methods. This 

result was consistent with previous reports where EF 

or VLP were applied to treat unstable distal radius 

fractures 
[26, 27 ]

. In these studies, the researchers 

observed a difference of 0.8 mm (2.2 mm vs 1.4 mm, 

− 0.4 mm vs − 1.2 mm) in ulnar variance at the last 

visit (> 52 weeks). But in two other randomized 

trials, no difference was observed, neither for 

articular step-off nor for ulnar variance
 [18, 28]

. We did 

not observe a significant difference in volar 
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inclination value at the final follow-up, although VLP 

was superior to EF in correcting volar angulation and 

provided sufficient support with subchondral distal 

locking screws for a certain long time (eg, 12 

months). In comparison, loss of volar angulation will 

continue even after removal of the external fixator, 

from 0.9° at immediate surgery to 4.2° at a 6-month 

follow-up 
[26]

. Of note, the small sample size in both 

groups (16 each) should be of concern due to their 

lack of power to detect a true difference in volar 

inclination, likely leading to a type II statistical error. 

If an adequate sample size had been provided, the 

benefits of VLP in correcting and maintaining 

radiographic parameters would have been more 

statistically significant. Most previous studies have 

shown the advantages of VLP over EF in functional 

recovery in the early postoperative period (< 3 

months)
 [19, 26]

. But when it comes to medium-term 

results, there is controversy. In a retrospective cohort 

of 115 patients with C2/C3 type AO fractures, 

Richard et al. 
[10]

 demonstrated a better DASH score 

and a better pronation/supination arch in the VLP 

group at 12 months after surgery. Williksen et al. 
[26]

 

performed an RCT study of 104 AO type C fractures 

and did not note a significant difference in DASH 

scores and other functional parameters between the 

two groups, but only better wrist supination (90° vs 

76°) in the VLP group. In a study of 69 unstable 

distal radius fractures, wrist range and pronation were 

significantly better in the VLP group, while Gartland-

Werley scores or patient-rated wrist evaluation 

(PRWE) were nonsignificantly different 
[19]

. In this 

study, VLP showed significantly better performance 

in wrist flexion, pronation, and supination (p < 0.05). 

This may be attributed to the fact that VLP fixation 

allowed earlier mobilization of the wrist and 

maintained improved anatomical parameters until 

fracture union. Despite the advantages, VLP could 

not be used in some fracture types, for example, 

comminuted very distal fractures or osteoporotic 

fractures that do not allow screw insertion
 [27]

. For 

such fractures, K-wire EF might be a better choice, 

which is more likely to yield successful results. 

Continuous external fixator distraction along with 

additional K-wires to secure comminuted fragments 

could provide more stability. In this study, more than 

70% of EFs were supplemented with K-wires and 

indeed this showed excellent or good functional and 

radiographic results
 [24, 27]

. 

Regarding complications, we found no significant 

difference in incidence, 18.75% in the EF group and 

12.5% in the VLP group, both within the range of 

reported values 
[10, 18, 19, 26, 27]

. Cao et al.
 [27] 

retrospectively reviewed 226 C3 distal radius 

fractures treated with an external fixator in elderly 

patients and reported rates of 18.6% (42/226) for 

overall complications, 10% for loss of reduction, 

6.2% for joint stiffness, 2.2 % for traumatic arthritis 

and 0.5% for spinous tract infection. Richard et al. 
[10]

 

reported a significantly higher overall complication 

rate in the EF group (52.5%, 31/59) than in the VLP 

group (25%, 14/56). In a meta-analysis of 9 RCTs, 

Esposito et al. 
[26]

 found a significantly higher 

incidence of overall complications or infection in EF 

versus VLP, but not significant for reoperation, 

osteoarthritis, malunion, nerve deficit, complex 

regional pain syndrome, painful retained hardware 

requiring removal, carpal tunnel syndrome, stiffness, 

tendon rupture, or tendonitis. It is often difficult to 

compare these different reported data due to 

differences in study design, patient characteristics, 

data collection, and follow-up periods. On the other 

hand, physician-reported and patient-reported 

complications differ, with the former emphasizing 

control-related complications, while the latter often 

takes symptoms as the main problem. McKay et al.
 

[27] 
suggested that not all suboptimal outcomes should 

be considered complications unless they can be 

attributed to a specifically diagnosed complication. 

Conclusion 

In summary, VLP fixation demonstrated its superior 

performance in wrist mobility (wrist flexion, 

pronation, and supination), correction of ulnar 

deviation, and improvement of joint congruence. In 

terms of DASH, Gartland–Werley  and Green and 

O’Brien scores, other radiographic or functional 

parameters, and complications, both fixation methods 

showed similar results. Future research with a better 

design and large sample size is needed to validate our 

results and explore potential contributors influencing 

adverse outcomes or complications. 
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