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Functional and Radiological Outcomes 
in 2.7-mm Volar Locking Compression 
Plating in Distal Radius Fractures
Jose Austine, Prem Kotian1, Kiyana Mirza2, Rajendra Annappa1, Premjit Sujir1

Abstract:
BACKGROUND: Bio-mechanical studies have shown volar locking compression plates (LCPs) to 
have higher rigidity and stability as compared to traditional plates, but lacunae exists with regard to 
the use of 2.7-mm volar LCP. 
AIMS: The aim was to prospectively assess the postoperative functional and radiological outcomes 
in a 2.7-mm fixed-angle volar LCP , to analyze factors influencing the functional and radiological 
outcomes, and to correlate patient’s perception of recovery with the radiological outcome. 
SETTINGS AND DESIGN: This was a descriptive study with a prospective longitudinal study design 
conducted at a tertiary care hospital. 
MATERIALS AND METHODS: Thirty patients who underwent fixation of distal radius fracture with a 
2.7-mm fixed-angle buttress-type volar LCP were followed up for functional and radiological outcomes 
at 6 weeks, 3 months, and 6 months after surgery using standardized scoring systems. 
STATISTICAL ANALYSIS: Descriptive statistics was used for statistical analysis. 
RESULTS: Use of 2.7-mm fixed-angle volar LCP was found to have good to excellent functional and 
radiological outcome in majority of the cases. A significant correlation existed between the functional 
and radiographic outcome. Patient-rated wrist evaluation had a significant inverse correlation with 
the radiological outcome. We did not find any significant association of the functional or radiological 
outcome with age, sex, dominance of the injured hand, and the fracture type. The fracture reduction 
achieved in the immediate postoperative period was maintained throughout the follow-up duration. 
CONCLUSION: This study effectively demonstrates the optimal results in terms of postoperative functional 
and radiological outcomes with the use of 2.7-mm volar locking plate for distal radius fracture fixation.
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Introduction

Distal radius fractures amount to 
around 15% of all fractures diagnosed 

and managed in the emergency rooms, 
with a  17% l i fet ime probabil i ty of 
sustaining this injury.[1-3] The approach 
and management of distal radius fractures 
has undergone a metamorphosis over 
time. Despite being a very common 
fracture, there is a lack of evidence in 
support of a single reparative technique 
as opposed to the use of others.

Since the advent  of  volar  locking 
compression plates (LCP), many case 
series have substantiated their effectiveness 
in the fixation of distal radius fractures. 
Countless investigations have revealed 
improved functionality on the restoration 
of normal anatomy.[4-6] Although a surgical 
gold standard for treatment has yet to be 
determined, bio-mechanical studies have 
revealed evidence of volar LCPs having 
higher rigidity and stability as compared to 
traditional volar or dorsal plates.[7-9]

The use of LCPs has increased exponentially 
with more than thirty different volar plating 
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Figure 1: The fracture patterns classified based on the AO, Melone’s, and Frykman classification systems.
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systems in use. Studies done on the 2.4-mm and the 3.5-
mm LCPs have yet to address the lacunae with regard to 
the use of 2.7-mm volar compression locking plate. The 
current study was undertaken to prospectively assess the 
postoperative functional and radiological outcomes in a 
2.7-mm fixed-angle volar LCP system, to analyze factors 
influencing the functional and radiological outcomes, 
and to correlate patient’s perception of recovery with 
the radiological outcome.

Materials and Methods

This was a descriptive study with a prospective 
longitudinal study design carried out at a tertiary 
care hospital after clearance from an institutional 
ethics review board. The study group was selected 
by convenience sampling method and comprised of 
thirty patients. All displaced intra- and extra-articular 
distal radius fractures in skeletally mature patients 
who underwent fixation with a 2.7-mm volar LCP were 
included. Polytrauma patients with an Injury Severity 
Score >16, AO classification A1, and Melone’s Type 1 
distal radius fractures were excluded from the study.

The time lapse between injury and surgery ranged from 
0 to 33 days, with a mean of 5 days. All surgeries were 
performed by an experienced orthopedic surgeon using 
the modified Henry’s approach with a tourniquet. A 
2.7-mm fixed-angle buttress-type volar LCP was used to 
stabilize the fracture. Patients returned for follow-up 2 
weeks postoperatively on an outpatient basis for wound 
inspection and suture removal. An elastic wrist splint was 
prescribed for a period of 1 month. During these visits, the 

patient was evaluated by physiotherapists and occupational 
therapists as well. Thereafter, follow-up evaluations for 
functional and radiological assessments were done at 6 
weeks, 3 months, and 6 months after the surgery.

For the assessment of functional outcome, the primary 
investigator utilized two types of standardized scoring 
systems which assessed outcomes subjectively (Patient-
Rated Wrist Evaluation [PRWE])[10] as well as objectively 
(MAYO wrist score[11] and the Modified Clinical 
Scoring system of Greene and O’ Brian[12]). At each visit, 
measurements were taken using a standard goniometer 
at the wrist and forearm to evaluate range of motion 
(pronation, supination, dorsiflexion, volar flexion, radial 
deviation, and ulnar deviation). Jamar’s dynamometer 
was used to assess grip strength which was then 
compared with that of the contralateral side. Postoperative 
complications, if any, were also made note of. For the 
radiological assessment, plain radiographs of the wrist 
in antero-posterior and lateral view were taken at the 
prescribed intervals. The lateral view included a standard 
lateral and lateral tilt view with X-ray beam directed 
20°–30° cephalad. The X-rays were obtained by placing 
the wrist at a distance of 100 cm from the beam, and a 5 
rupee coin was used as a marker for measurements. The 
radiological outcome was scored based on the Sarmiento’s 
modification of Lindstorm criteria.[13]

The data obtained was analyzed using the statistical 
package for social sciences (SPSS, IBM Statistics, U.S.A) 
version 21 and Microsoft Excel. The quantitative data 
were expressed in terms of mean and standard deviation. 
Fisher’s exact t-test, Wilcoxon signed-rank test, Friedman’s 



Figure 2: Postoperative complications

Figure 3: (a) Postoperative excellent functional outcome. Pre- and post-operative X-ray with radial height (red), radial inclination (orange), and volar tilt (yellow). Clinical 
assessment of range of motion – extension, flexion, supination, pronation, and measurement of grip strength. (b) Postoperative poor functional outcome. Pre- and post-

operative X-ray with radial height (red), radial inclination (orange), and dorsal tilt (yellow). Clinical assessment of range of motion – extension, flexion, supination, pronation, 
and measurement of grip strength. (c) Postoperative good functional outcome. Pre- and post-operative X-ray with radial height (red), radial inclination (orange), and volar tilt 

(yellow). Clinical assessment of range of motion – extension, flexion, supination, pronation, and measurement of grip strength
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test, Mann–Whitney test, Kruskal–Wallis test, and 
Spearman’s correlation co-efficient were the statistical 
tests used. P < 0.05 was considered statistically significant.

Results

A total of thirty patients who satisfied the inclusion 
criteria were prospectively followed up as per a protocol 
during the study period from July 2016 to July 2018. 
There were 18 males (60%) and 12 females (40%), with a 
mean age of 43.2 years, with the youngest patient being 
19 years and the oldest being 80 years.

A fall on the outstretched hand (60%) was the most 
common mode of injury followed by road traffic 
accident (33.3%) and fall from height greater than 
the standing height (6.7%). The nondominant hand 
(66.7%) was found to be more frequently involved in 
these injuries. Eight patients had associated fractures 
with involvement of the ipsilateral upper extremity, 
seen in seven of them. The time lapse between injury 
and surgery ranged from 0 to 33 days, with a mean of 
4.6 days.

The fracture patterns were classified based on the AO,[14] 
Melone’s,[15] and Frykman[16] classification systems as listed 
in Figure 1. The AO type A2 and C1 were found to be the 
most frequent. The presence of chronic comorbid illnesses 
was noted in seven individuals with a fair majority having 
either diabetes mellitus or hypertension or a combination 
of the two. Hemophilia, epilepsy, and pituitary adenoma 
were the other conditions noted. The association/influence 
of chronic comorbidities on the functional outcome was 
found to be significant. Postoperative complications were 
noted in one-third of the patients and are listed in Figure 2. 
Although two patients with postoperative complications 
did have a poor outcome, this association was found not 
to be statistically significant.

The functional outcome was measured subjectively and 
objectively using the Mayo Wrist Scoring system and the 
Modified Clinical Scoring system of Greene and O’Brian. 
At the final follow-up of 6 months, the functional 
outcome based on the Mayo Wrist Score [Figure 3a-c] 
was found to be excellent in 4 (13.3%), good in 18 (60%), 
satisfactory in 6 (20%), and poor in 2 (6.7%). There were 
significant improvements in the range of motion of the 
wrist and grip strengths at each interval, with the most 
significant improvement noted in the range of radial 
deviation [Table 1]. An average grip strength of 82% as 
compared to the normal extremity was noted at the final 
follow-up. The two patients with poor outcome were 
found to have had poor compliance with physiotherapy, 
which manifested as shoulder hand syndrome and wrist 
stiffness. They also had co-existing chronic morbidities, 
and our study noted a significant influence of chronic 
comorbidities on the functional outcome. While one of 
these patients was operated after 33 days of initial injury, 
the time since injury was not found to have a statistically 
significant effect on the functional outcome.
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in those with AO type C fractures, but this was not 
found to be significant. The radiological outcome was 
evaluated based on the Sarmiento’s modification of 
Lindstorm criteria, and it was found to be excellent in 
9 (30%), good in 16 (53.3%), and fair in 5 (16.7%) at the 
final follow-up at 6 months. None were reported as poor 
outcome. The optimal radiological outcome was seen 
at the initial follow-up at 6 weeks; although there was 
further improvement at subsequent follow-ups, this was 
not found to be significant.

In our study, we did not find any significant association 
between age, sex, handedness, and dominance of 
the injured hand on the functional and radiological 
outcome at any follow-up interval. Interestingly, 
in this study, the fracture type, i.e., extra-articular, 
partial articular, or intra-articular, did not show 
any significant effect on the outcome. Although 
less favorable outcomes were more frequent in the 
intra-articular fractures, this was not found to be 
statistically significant. Good-to-excellent outcomes 
were seen in majority of the younger (below 50 years) 
and older (above 50 years) patients as well as males 
and females. No statistical difference could be found 
while comparing parameters of low- and high-energy 
fractures. A significant correlation was found between 
the functional outcome and the radiological outcome 
at the final follow-up at 6 months [Table 3]. The PRWE 
scores also had a significant and inverse correlation 
with the radiological outcome [Table 4]. However, the 
radiological outcome did not have a significant bearing 
on the grip strength.

Discussion

Fractures of the distal radius can present with a wide 
array of fracture patterns, with variations in the extent 
of displacement, degree of articular disruption, and 
the stability and reducibility of fragments. The goal of 
distal radius fracture treatment is to restore hand, wrist, 
and forearm function with a high quality of motion and 
stability. It is commonly understood that distal radius 
fractures require accurate restoration of the anatomy as 
well as congruity of the articular surfaces to prevent the 
sequelae of posttraumatic arthritis and to achieve optimal 
functional utility.[17-19] Misalignment has been associated 
with reduced grip strength, decreased range of motion, 
and instability of the wrist.[5]

Internal stabilization of distal radius fractures, especially 
with a volar LCP, provides a better restoration of 
radiographic parameters of radial height, radial 
inclination, and volar tilt as compared to other treatment 
modalities for such injuries. It also provides a better 
technique to fix osteoporotic bone.[20,21] In our study, 
we used a 2.7-mm fixed-angle volar buttressing LCP 

The patient’s perspective of postoperative outcome was 
also evaluated using the PRWE questionnaire, which 
showed significant improvement in pain and functional 
outcome profiles at each follow-up interval [Table  2]. 
The pain scoring and restriction of function was more 

Table 1: Postoperative mean range of motion of wrist 
at follow‑up intervals (n=30)
Movement Follow-up n Mean SD Freidman test (P)
Extension Active

6 weeks 30 35.41 20.699 0.000
3 months 30 60.17 16.358
6 months 30 69.59 12.919

Passive
6 weeks 30 42.14 20.565 0.000
3 months 30 65.10 16.753
6 months 30 73.17 11.573

Flexion Active
6 weeks 30 40.69 15.444 0.000
3 months 30 54.90 11.431
6 months 30 66.07 9.878

Passive
6 weeks 30 45.28 16.069 0.000
3 months 30 58.69 12.289
6 months 30 69.62 9.120

Pronation Active
6 weeks 30 63.45 20.651 0.000
3 months 30 69.52 14.978
6 months 30 77.48 7.505

Passive
6 weeks 30 64.55 20.718 0.000
3 months 30 70.31 14.731
6 months 30 78.10 7.427

Radial 
deviation

Active
6 weeks 30 13.28 8.375 0.000
3 months 30 20.69 6.124
6 months 30 24.83 6.793

Passive
6 weeks 30 15.97 8.538 0.000
3 months 30 23.14 5.848
6 months 30 26.83 7.363

Supination Active
6 weeks 30 60.10 20.503 0.000
3 months 30 72.00 14.474
6 months 30 76.17 9.193

Passive
6 weeks 30 62.14 19.679 0.000
3 months 30 73.14 14.355
6 months 30 77.21 9.256

Ulnar 
deviation

Active
6 weeks 30 27.55 9.144 0.000
3 months 30 32.41 8.542
6 months 30 36.07 7.759

Passive
6 weeks 30 30.48 10.158 0.000
3 months 30 34.86 8.725
6 months 30 37.83 7.865

SD: Standard deviation
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We objectively assessed the functional outcome after 
fixation and found good-to-excellent outcomes in the vast 
majority (73.3%) of patients. The same was observed with 
regard to radiological outcome, wherein 83.3% of patients 
had good-to-excellent outcome. Based on the results of 
serial follow-ups, our study proved that there was no 
significant difference in the radiographic parameters 
such as radial height, loss of radial inclination, and loss of 
volar tilt after fixation. This highlighted the fact that the 
fracture reduction and stabilization which was achieved 
immediately postoperatively was sustained throughout 
the duration of follow-up. Subjective assessment of the 
outcome using the PRWE scoring allowed us to correlate 
the clinical and radiological outcome with patient’s 
perception of recovery during the follow-up period. 
Significant improvement was noted in the pain and 
functional outcome scores and these correlated inversely 
with the radiological outcome. Claudio Roberto Martins 
et al. in their study utilizing a 2.4-mm volar T plate LCP 
found no correlation between radiological parameters 
and PRWE scores.[22] However, in stark contrast, we 
observed that better radiographic parameters and scores 
using the 2.7-mm volar LCP translated in lower patient-
reported pain scores and less restriction of function.

In our study population, demographic factors such as age, 
sex, handedness, and dominance of the injured hand had 
no significant bearing on the functional or radiological 
outcome. Koo et al. also reported no correlation between 
hand dominance and the fracture site.[23] The fracture 
type, i.e., extra-articular, partial articular, or intra-articular, 
including its subtypes, did not show any significant effect on 
the outcome at any interval. Though less favorable outcomes 
were more frequent in the intra-articular fractures, this was 
not found to be statistically significant. Similar observations 
were made in studies conducted by Michele Rampoldi et al.[24] 
and Wichlas et al.,[25] wherein they concurred that the type 
of fracture did not significantly correlate with the outcome. 
While Drobetz et al.[26] and Wright et al.[27] do not recommend 
volar plating for certain fracture subtypes such as B2 and C3, 
we found uniformly good outcomes across these fracture 

Table 2: Functional outcome based on Patient‑Rated Wrist Evaluation (n=30; P<0.01)
Parameter Follow-up 

interval
n Mean SD Friedman 

test (P)
Percentiles

Median 25th 75th

Function At 6 weeks 30 16.63 11.134 0.000 14.25 7.88 23.25
At 3 months 30 8.35 8.461 6.75 2.00 10.00
At 6 months 30 3.25 4.754 1.50 0.50 4.50

Pain At 6 weeks 30 22.33 10.114 0.000 23.00 13.75 31.00
At 3 months 30 12.73 7.995 12.00 5.75 17.25
At 6 months 30 6.70 6.732 4.00 2.00 10.00

PRWE score 
(pain + function)

At 6 weeks 30 38.97 20.277 0.000 40.00 20.38 48.25
At 3 months 30 21.08 15.551 15.50 12.13 25.75
At 6 months 30 9.95 10.812 5.50 3.00 12.63

PRWE: Patient‑Rated Wrist Evaluation, SD: Standard deviation

Table 3- Co-relation between Mayo wrist score(MW) 
and the radiological score(RS) at final follow up at 6 
months (n=30; Fischer’s exact test p=0.043)
Mayo wrist 
score (MW)

Radiological score (RS) Total
Fair Good Excellent

Poor 2
100.0%
40.0%

0
.0%
.0%

0
.0%
.0%

2
100.o%

6.7%
Satisfactory 1

16.7%
20.0%

4
66.7%
25.0%

1
16.7%
11.1%

6
100.0%
20.0%

Good 1
5.6%

20.0%

10
55.6%
62.5%

7
38.9%
77.8%

18
100.0%
60.0%

Excellent 1
25.0%
20.0%

2
50.0%
12.5%

1
25.o%
11.1%

4
100.0%
13.3%

Total 5
16.7%

100.0%

16
53.3%

100.0%

9
30.0%

100.0%

30
100.0%
100.0%

Spearman co-relation co-efficient p
MW and RS .319 0.036

Table 4: Co-relation between Patient rated wrist 
evaluation (PRWE) parameters (Pain and Function) 
and the radiological score(RS)  (n=30)
Parameter Follow up 

interval
Spearman co-relation 

co-efficient value
p 

Function At 6 weeks -.377 .040
At 3 months -.568 .001
At 6 months -.452 .012

Pain + Function At 6 weeks -.388 .034
At 3 months -.520 .003
At 6 months -.455 .011

Pain At 6 weeks -.362 .049
At 3 months -.411 .024
At 6 months -.412 .024

which had an intermediate plate profile as compared to 
the 2.4-mm and 3.5-mm plates.
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patterns with the 2.7-mm LCP. The mechanism of injury 
(high or low velocity) and time duration till surgery also 
did not have any significant influence.

The 2.7-mm fixed-angle volar LCP has been designed 
to address complex fracture patterns, more so in 
comminuted fractures associated with osteoporosis. 
Fixed-angle plate designs minimize screw loosening 
in the distal fragments due to the “toggling effect” and 
thereby reduce the danger of secondary displacement.[28] 
Two rows of fixation are noted in this fixation; a proximal 
support for the distal subchondral bone and a distal 
screw support for the volar central subchondral bone 
from the distal row using the volar locking plate in order 
to achieve accurate anatomical reduction.[29] Keeping 
in mind the three-column theory of fracture fixation, 
placement of multiple screws augments fixation of 
fractures in the three columns of distal radius.[30] The 
smaller profile of the plate and the locking screws help 
improve precision with regard to individual fracture 
fragments compared to the older 3.5-mm system. It 
is cost-effective than the 2.4-mm system, and the thin 
profile helps to decrease the incidence of tendon and 
soft-tissue irritation, thereby reducing the need for 
implant removal.

The major drawback of our study was the lack of 
randomization and comparison with other popularly 
used volar LCP profiles including the polyaxial variety. 
A randomized controlled study is required ideally to 
highlight the advantages of the 2.7-mm plate over other 
volar LCPs and modalities for distal radius fractures. A 
longer duration of follow-up is required to adequately assess 
delayed complications such as posttraumatic osteoarthrosis 
especially in patients with intra-articular fractures.

The advantage of this study was that all cases had been 
operated at a single center and by the same experienced 
orthopedic surgeon keeping the idea and method of 
fracture fixation constant. The follow-up examination 
was done by the same team of orthopedic surgeons, 
and we were able to prospectively assess our patients at 
fixed intervals of disease recovery, thereby eliminating 
recall bias. Not only was the functional and radiological 
outcome objectively assessed, more importantly it was 
correlated with patient’s perspective on improvement 
or worsening. We believe that this study effectively 
demonstrates the optimal results in terms of postoperative 
functional and radiological outcomes with the use of 2.7-
mm volar locking plate for distal radius fracture fixation.

Conclusion

The use of 2.7-mm fixed-angle buttressing type volar 
LCP was found to have good-to-excellent functional as 
well as radiological outcomes in majority of the cases. 

The incidence of postoperative complications was low. 
A significant correlation existed between the functional 
and radiographic outcome. Patient’s self-assessment 
with PRWE had a significant inverse correlation with 
the radiological outcome. We did not find any significant 
association of the functional or radiological outcome with 
age, sex, dominance of the injured hand, and the fracture 
type. The presence of chronic comorbidities significantly 
influenced the outcome. We noted that the fracture 
reduction achieved in the immediate postoperative 
was maintained throughout the follow-up duration. 
However, a randomized controlled study is desirable to 
compare this plate and highlight its efficacy over other 
fixation methods.
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