
ABSTRACT
Background: Fracture of the distal end radius constitutes one 
of the most common skeletal injuries treated by the orthopedic 
surgeon. Wide arrays of techniques have been described including 
closed reduction, percutaneous fixation and open methods of 
reduction, and stabilization. Displaced extra‑ or intra‑articular 
distal radius fractures require accurate reduction to allow a good 
outcome. We assessed the outcome of volar plate osteosynthesis 
and compared its outcome with other methods of treatment 
to confirm satisfactory reduction and functional outcomes. 
Materials and Methods: Prospective study conducted in 
our medical institution between 2012 and 2013. Inclusion 
criteria included skeletally mature patients who presented to 
casualty with fractures of the distal radius. Closed reduction 
cast application/K‑wire fixation/open reduction and internal 
fixation with a volar plate was done under general anesthesia in 
60 patients (20 cases each). During the follow‑up, radiological 
and functional parameters were assessed and Gartland and 
Werley scoring was done. Results: Patients with volar plate 
fixation had a better outcome than the K‑wire fixation and cast 
application. Radiological parameters were well‑maintained, 
and functional parameters showed a significant improvement 
during the follow‑up period. The complication rate was less 
and insignificant.  Conclusion: Primary volar plate fixation of 
unstable distal radius fracture provides a stable construct that 
helps in early mobilization, thereby better functional outcomes 
and minimizes chances of delayed/malunion and, thereby is an 
upcoming method of choice for fracture distal end of radius. The 
present study comprised of 60 patients of distal radius fractures 
in 20 patients treated by plating, 20 by cast application and 20 
by K‑wire application. The minimum follow‑up was 8 weeks, 
and the maximum was 36 weeks. This study was undertaken to 
assess the functional outcome of operative management of distal 
radial fractures and the following conclusions were drawn – male 
patients predominated female patients (36 males to 24 females) 
and average age of patients is 46.01 years. Left sided fractures were 
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more common (61.6%). Road traffic accident was the commonest 
cause of the trauma (73.3%). AO 23 A‑2 was the most common 
type of fracture, accounting for (26.6%) with Associated injuries 
seen in 4 patients (6.6%). Functional outcome as per Gartland 
and Werley was 3.75 for plating, 8.6 for cast application, and 7.55 
for K‑wire fixation. About 90% excellent to good results were 
observed in plating group as compared to 55% in cast and 65% in 
K‑wire fixation in demerit score. Complication such as irregular 
articular surface, wrist pain, finger stiffness, K‑wire loosening 
was observed. Thus, based on this study, we conclude that volar 
plating has relatively better outcome for distal end fractures of 
radius particularly volar Barton fractures, with minimum chance 
of loosening of implant even in highly comminuted cases and 
cases having osteoporosis.
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Introduction

The fracture of lower end radius is the most common fracture 
of upper extremity encountered in practice and constitutes 
17% of all the fractures and 75% of all forearm fractures. The 
distal ends of radius fractures continue to pose a therapeutic 
challenge.[1] Intra‑articular and extra‑articular malalignment 
can lead to various complications such as posttraumatic 
osteoarthrosis, decreased grip strength and endurance, as well 
as limited motion, and carpal instability.[2] The epidemiological 
profile has changed from the times of Colle’s fracture to present 
date due to increased life expectancy. The age specific incidence 
of the distal radius fracture, as stated by various authors, has been 
ranged from 9 to 100 per 10,000 per year.[3‑6]

Various treatment options are available for fracture distal 
end of radius ranging from closed reduction cast application 
to interlocking nails and even hemiarthroplasty of the distal 
radius. In spite of various new advances close reduction and cast 
immobilization has been the mainstay of treatment of these 
fractures but malunion of fracture and subluxation/dislocation of 
distal radioulnar joint resulting in poor functional and cosmetic 
results is the usual outcome.[7] Recently, the volar locked plate 
osteosynthesis is considered as the “gold standard” in treatment 
of unstable distal radius fractures.[8]

In the early 1950s, James Ellis from England started using a 
specially designed T‑plate to buttress the small marginal fragment 
in volar Barton’s fractures. In 1970s, the AO group designed 
plates specifically for the treatment of distal radius fractures. 
There are two types of plates for fractures of the distal radius: 
(a) Conventional plates and (b) fixed angle locking compression 
plates.

Fixation of the volar plate in severely comminuted distal radius 
fracture may lead to poor purchase on the cancelous fragments 
and eventually lead to loss of reduction and loosening of 
screws. Gerostathopoulos et al. recommend volar fixation in 
less comminuted fractures.[9] With conventional plates and 
screws, stability is achieved by compression of the plate to a 
bone by bicortical screws. With fixed angle locking plates, the 
locking screws support subchondral bone and resist axial forces. 
Compression of locking compression plate to bone is unnecessary 
and preserves periosteal blood supply.[10]

Fixed angle construct provides additional strength to fixation by 
constructing a scaffold under the distal radial articular surface.[11] 
Volar fixed angle locking plates are an effective treatment for 
unstable extra‑articular distal radius fractures allowing early 
postoperative rehabilitation.[12] Because of angular stability of 
locking compression plate’s reduction can be maintained over 
times so that secondary displacement is no longer a problem.[13]

Primary stability achieved with locking screw in a plate prevents 
secondary displacement irrespective of the bone enabling good results 

in osteoporotic bones and young patients.[14] The development of 
fixed angular stable fixation techniques theoretically improves 
stability to maintain the reduction of fractures in osteoporotic 
bones and fractures considered to be unstable.[15]

As open reduction and volar plating ensures more consistent 
correction of displacement and maintenance of reduction. This 
study evaluates the anatomical and functional outcome of open 
reduction and plate fixation in the management of fracture distal 
end radius and its comparison with other modalities of treatment.

The objectives of our study are to assess the outcome of volar 
plate fixation and its comparison with other modality of fixation.

Materials and Methods

The study was a prospective study carried between June 2012 to 
September 2013 on the patients with fractures of the distal end 
radius, attending the outdoor and the emergency services of the 
Department of Orthopaedics in our institution. Of 294 patients 
who had fractured over distal radius 60 cases were recruited in 
our study. All the patients with extra‑articular (AO 23‑A2, 23‑A3) 
distal radius fracture were treated with cast, K‑wire, and volar 
plating.[16] The inclusion criteria were >15 years of age and the 
patients presented within 48 h of injury, patients who did not 
have other associated fractures in ipsilateral upper limb and 
the patients who gave their consent to undergo the procedure. 
Randomization was done by Lottery method. The exclusion 
criteria were patients with co‑morbid conditions such as head 
injury, or chest injury preventing surgical intervention, or 
making patients noncompliant for postoperative physiotherapy 
and follow‑up, patients with local tissue condition making the 
surgery inadvisable. All the patients were subjected to clinical 
examination and on last follow‑up they were assessed according to 
the demerit point system of Gartland and Werley with Sarmiento 
et al.’s modification [Table 1]. Radiographic evaluation was also 
assessed on the basis of criteria for the anatomical result after 
Sarmiento [Table 2 and Figure 1a‑f].

Results

The present study comprised of 60 patients of distal radius 
fractures in 20 patients treated by plating, 20 by cast application, 
and 20 by K‑wire application. The minimum follow‑up was 
12 weeks and the maximum was 36 weeks.

Male patients predominated female patients (36 males to 
24 females), and the average age of patients is 46.01 years with 
the range being 25–83 years. Left sided fractures were more 
common (61.6%). Road traffic accident was the commonest 
cause of the trauma (73.3%). AO 23 A‑2 was the most common 
type of fracture, accounting for (26.6%) with associated injuries 
seen in 4 patients (6.6%). Restoration of radial length, radial 
inclination, and volar angle was best achieved in volar plating 
group [Table 3].
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Discussion

Distal end radius fractures are the most frequently seen upper 
extremity fractures. As far as the treatments of these fractures 
are concerned, it is one of the most challenging types. The 
main objective of treatment is to re‑establish anatomic integrity 
and function. It has undergone changes owing to the advances 
in technology. Improved imaging methods provide better 
understanding of fractures and elucidation of the effects of the 
injury type on fracture formation and factors that lead to instability.

In our study, the distal radial fracture was more common in the 
3rd and 5th decade with an average of 46.01 years. It is comparable 
with other similar studies[17,18] done earlier who have concluded the 
same. There was no statistical significance in the findings which 
points that there was no selection biased in the studies. Our study 
had a male preponderance, which are similar to other studies.[17,19] 
Increased incidence in males is probably due to their involvement 
in outdoor activities, riding vehicles, and heavy manual labor.

Left side was involved in 37 patients and the right side was 
involved in 23 patients in our study; however, in other studies,[17,19] 
the right side was more predominantly involved but at the same 
time they have inferred that statistically there is no significance 
of side involvement in the study.

In our study, 44 of the patients had road traffic accident and 16 
had an injury due to fall. We reported road traffic accident as the 

The average range of movement at the wrist as per Gartland and 
Werley was 3.75 for plating, 8.6 for cast application, and 7.55 for 
K‑wire fixation [Table 4]. Using the demerit score system of 
Gartland and Werley, we had 14 (70%) excellent results in volar 
plating, 4 (20%) in cast, 4 (20%) in K‑wire fixation, 4 (20%) good 
results in volar plating, 7 (35%) in cast, 9 (45%) in K‑wire fixation, 
2 (10%) fair results by plating, 8 (40%) in cast, and 7 (35%) in 
K‑wire fixation. There was only 1 (5%) patient with poor result 
treated by cast application. The statistical outcome was assessed by 
the one‑way ANOVA, applying the Chi‑square test and statistically 
significant variation was found giving a positive P value [Table 5].

Complication such as irregular articular surface, wrist pain, finger 
stiffness, and K‑wire loosening was observed. Overall results with 
plating were better as compared to other groups followed by 
K‑wire fixation and cast application.

Table 3: Distribution of patients according to 
radiological findings

Plate Cast K-wire F P
Radial 
length

8.60±3.96 6.95±3.05 5.20±4.46 3.85 0.027, S, 
P<0.05

Radial 
inclination

20±2.90 17.05±3.63 17.10±3.75 4.79 0.012, S, 
P<0.05

Volar 
angle

6.25±6.54 −2.70±9.81 3.20±8.04 6.09 0.004, S, 
P<0.05

S = Significant

Table 1: Clinical and functional assessment
Functional evaluation of the patients was done at the last follow‑up 
according to the demerit point system of Gartland and Werley with 
Sarmiento et al.’s modification

Points
Residual deformity

Prominent ulnar styloid 1
Residual dorsal tilt 2
Radial deviation of hand 2‑3
Point range 0‑3

Subjective evaluation
Excellent: No pain, disability or limitation of motion 0
Good: Occasional pain, slight limitation of motion, 
no disability

2

Fair: Occasional pain, some limitation of motion, 
feeling of weakness in wrist, no particular 
disability if careful, activities slightly restricted

4

Poor: Pain, limitation of motion, disability, 
activities more or less markedly restricted

6

Point range 0‑6
Objective evaluation*

Loss of dorsiflexion 5
Loss of ulnar deviation 3
Loss of supination 2
Loss of palmar flexion 1
Loss of radial deviation 1
Loss of circumduction 1
Loss of pronation 2
Pain in distal radioulnar joint 1
Grip strength ‑ 60% or less of opposite side 1
Point range 0‑5

Complications
Arthritic change
Minimum 1
Minimum with pain 3
Moderate 2
Moderate with pain 4
Severe 3
Severe with pain 5
Nerve complications (median) 1‑3
Poor finger functions due to cast 1‑2
Point range 0‑5

End result point ranges
Excellent 0‑2
Good 3‑8
Fair 9‑20
Poor 21 and above

Table 2: Radiological criteria for anatomical 
results after Sarmiento (1980)[25]

Results Criteria
Excellent No or insignificant deformity

Dorsal angulation ≤0°
Shortening <3 mm
Loss of radial deviation <4°

Good Slight deformity
Dorsal angulation 1‑10°
Shortening 3‑6 mm
Loss of radial deviation 5‑9°

Fair Moderate deformity
Dorsal angulation 11‑14°
Shortening 7‑11 mm
Loss of radial deviation 10‑14°

Poor Dorsal angulation >15°
Shortening ≥12 mm
Loss of radial deviation >15°
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more common mode of injury. Similar findings were found in 
other studies who have also reported that statistically there is no 
significance on the mode of injury.[17,19]

AO 23 A‑2 fractures were the most commonly encountered 
fractures in our study. Four patients (6.66%) of patients in our 
study had associated injuries. However, there is no significant 
statistical significance of the same in either of the study group.

The three groups were comparable with regard to radiological 
outcomes. The volar locking plate group had a significantly 

better restoration of radial length, radial inclination, and volar 
angle with significant P value and also at the final follow‑up the 
radiological reconstruction was significantly better in the volar 
plate group as compared to the K‑wire and cast application group. 
Other studies compared the Radiographic results and inferred 
that the posttreatment radiographic evaluation of distal radius 
fractures are significantly better in patients treated by open 
reduction and internal fixation using a volar plate compared to 
those treated with manipulation and K‑wire fixation.[20]

The advantage of plating includes decreased rate of complication 
when compared with other treatment modality due to its strength 
and stability of construct that allows early wrist motion and enhances 
hand and finger functions. Similar studies[21] were conducted to 
compare complications in locked volar plating versus pinning 
and external fixation in the treatment of unstable intra‑articular 
distal radius fractures and gave similar findings as ours. They also 
concluded that volar locked plating is a boon for unstable fractures 
because of its stiffer construct and lower rates of complications.[22‑24]

The final assessments of results were made using the demerit 
score system of Gartland and Werley based on objective and 
subjective criteria, residual deformity, and complications.

Overall results with plating were better in comparison to 
other groups, followed by K‑wire fixation and cast application. 
The various studies were conducted on therapeutic effects of 
volar anatomical plates versus locking plates for volar Barton’s 
fractures and evaluated wrist according to Sarmiento et al.’s[25] 
modification of the Gartland and Werley[26] system and the 

Table 4: Range of motion
Loss of movement Plate Cast K-wire χ2 P
Supination 3 7 10 27.75 P<0.0001, S
Pronation 1 2 1 2.67 0.26, NS
Radial deviation 5 7 10 13.64 0.001, S
Ulnar deviation 2 11 9 56.25 P<0.0001, S
Dorsiflexion 4 8 5 10.67 0.004, S
Palmar flexion 5 6 0 34.51 P<0.0001, S
S = Significant, NS = Not significant

Table 5: Results
Demerit score Plate (%) Cast (%) K-wire (%) χ2 P
Excellent 14 (70) 4 (20) 4 (20) 16.64 0.014

S, P<0.05
Good 4 (20) 7 (35) 9 (45)
Fair 2 (10) 8 (40) 7 (35)
Poor 0 (0) 1 (5) 0 (0)
Total 20 (100) 20 (100) 20 (100)
S = Significant

Figure 1: (a) Pre ‑ operative radiograph, (b) immediate post ‑ op, (c) 6 weeks post ‑ op, (d) 12 weeks post ‑ op, (e) dorsiflexion, 
(f) palmarflexion

d

cb
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DASH and the results showed an excellent and good rate of 75% 
in the anatomic plate group and 94.1% in the locking plate group, 
similar to those reported in the literature. The mean modified 
Gartland and Werley score in the locking plate group.

The locking plate has relatively better efficacy for volar 
Barton’s fracture, but loosening of the implant is seen in highly 
comminuted fracture cases and cases with osteoporosis.

The samples were not homogenous in term of classification and 
other factors while comparing the results of different methods. 
It was further noted that cases with less degree of comminution 
and instability are bound to have a good result when treated with 
closed reduction cast immobilization or fixation by K‑wire.

Fracture of distal end of radius with or without involvement 
of articular surface when treated with volar plate fixation have 
significantly better outcome over other methods such as cast 
immobilization and K‑wire fixation in terms of restoration of 
anatomy and function. This is due to better stabilization of 
fracture fragments which allows early mobilization of joints 
around together with muscle strengthening exercises.

Our study had some limitations. The sample was not homogenous 
regarding the stages of classification system for comparison by 
different method of treatment and, therefore, the findings are 
inconclusive. The sample size of our study is limited to one 
center and is small to conclude very effectively. Many patients 
who were planned for plate osteosynthesis were managed by cast 
or K‑wire due to financial constraints.

Thus, based on this study, we conclude that volar plating has 
relatively better outcome for distal end fractures of radius, 
particularly volar Barton fractures, with minimum chance of 
loosening of implant even in highly comminuted cases and cases 
having osteoporosis.
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