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Abstract 
Background: Intra articular fractures of distal radius are unstable and complex fractures 
leads to severe pain, swelling, restricted range of motion. These fractures faced instability 
because fail to achieve anatomical reduction of fragments and surrounding ligaments. The 
present prospective study was designed to evaluate functional and radiological outcome of 
closed intrarticular distal radius fractures. A total of 42 cases with acute closed intra articular 
fracture of distal radius > 25 years of age were recruited. Among the study participants, 15 
cases were treated with K-wire fixation, 15 with volar plating and 12 with external fixation 
method. Gartland and Werley score was used to assess functional recovery and Lindstrom 
and Frykman grading was used for anatomic evaluation. The functional outcome was 
assessed by Gartlannd and Werley score and anatomical outcome by Lindstrom and Frykman 
grading showed statistically significant between study groups (p<0.05). The grip strength and 
functional status was statistically significant between study groups. Wrist stiffness and 
infection are commonly associated with all fixation methods. Volar locking plating showed 
superiority in terms of radiological outcome and patient satisfaction than k-wire fixation and 
external fixation. 
Keywords: External fixation, volar locking plate, K-wire fixation, Gartlannd and Werley 
score, Lindstrom and Frykman grading   
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Background 
Distal radius fractures are potentially 
damage the normal function of hand and 
accounts for 17% of all skeletal fractures 
in adults with ratio of 1:10000 people [1-
3]. The fractures are commonly intra 
articular in younger cases due to high 
energy trauma, whereas extra articular in 
elderly cases due to low energy trauma [4, 

5]. The distal radius fractures of 
intrarticular type illustrate complex, high 
grade and unstable injuries [6]. Due to 
their complexity the optimal treatment 
option remains controversial [7]. The 
treatment goal for distal radius fracture is 
maximum restoration of hand anatomy and 
function. There are controversial reports 
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on the standard treatment choice for distal 
radius fracture. Several treatment 
modalities are available to manage distal 
radius fractures including external fixation, 
limited open reduction, closed reduction 
with cast immobilization, internal fixation 
with or without Kirschner (K) wires and 
percutaneous pinning [8]. Closed reduction 
with cast immobilization is a preferable 
non-surgical treatment choice for stable 
fractures but reported devastating outcome 
for unstable fractures [9]. 
For three decades, external fixation and 
volar locking plates are preferable surgical 
choice for distal radius fractures [10, 11]. 
External fixation claimed immense 
functional outcome in the management of 
intra and extra articular distal radius 
fractures. It is immense due to ease of 
application, less surgical exposure and less 
surgical trauma [12]. Volar locking plate is 
a gold standard method for unstable distal 
radius fractures [13].  Few studies have 
compared volar locking plate, external 
fixation, and K-wire fixation, but there is 
still insufficient evidence about which 
method gives the best possible outcome. 
Therefore, the present study was designed 
to evaluate functional and radiological 
outcome of closed intrarticular distal 
radius fractures.   
Materials and Methods 
This prospective study was conducted in 
Department of Orthopaedics, Government 
Medical College and Hospital, Nalgonda 
during September 2020 to December 2021.  
A total of 42 cases with acute closed intra 
articular fracture of distal radius attending 
outpatient department of Orthopedics at 
Government Medical College, Nalgonda, 
above 25 years of age were recruited. 
Written informed consent was obtained  

from all the participants and study protocol 
was approved by institutional ethics 
committee.   
Inclusion criteria: Cases with acute 
closed intra articular fracture of distal 
radius, >25 years of age. 
Exclusion criteria: Cases with open intra 
articular fracture of distal radius, <25 
years of age, with skeletal deformities, 
with history of multi united fractures, with 
cardiovascular complication were 
excluded. 
All participants were undergone to 
mandatory laboratory investigations and 
clinical examination. Radiological 
evaluation (PA and Lateral view 
radiographs) was done to assess the 
fractured bone length, angulation, related 
communication and inclination and ulnar 
variance. Fracture pattern was assessed by 
CT scan. Among the study participants, 15 
cases were treated with K-wire fixation, 15 
with volar plating and 12 with external 
fixation method. Under aseptic conditions 
fractures were managed with appropriate 
fixation method under the vision of C-arm. 
Postoperative follow up was done at the 
end of 4th week, 8th week, 12th week. 
Gartland and Werley score was used to 
assess functional recovery and Lindstrom 
and Frykman grading was used for 
anatomic evaluation.  
Results 
Majority cases were between age group 
31-50 years with more male participants 
(61.90%). Falling from height (50%) was 
common cause of fractures followed by 
road traffic accidents (45.24%) and due to 
assault (4.6%).  Right sided limb was 
commonly involved in majority cases 
(Table 1). Majority cases underwent 
surgery with 5 days (83.34%) of injury. 

Table 1: Demographic data of study participants 
Demographic variables Total no of cases (n=42) 

Frequency Percentage 
Age 
25-30 05 11.90% 
31-40 12 28.5% 
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41-50 24 57.14% 
>50 01 2.38% 
Gender 
Male 26 61.90% 
Female 16 38.10% 
Mode of injury 
Road traffic accidents 19 45.24% 
Fall from height 21 50% 
Assault 02 4.76% 
Laterality of injury 
Right 28 66.67% 
-Left 14 33.33% 
Duration from injury to surgery 
0-5 days 35 83.34% 
6-10 days 07 16.66% 

 
Figure 1: Distribution of cases as per AO fracture type 

According to AO fracture type, majority fractures were type B3 (24%) and type C2 (Graph 
14%) (F). Distal radial fracture in 35.71% cases were managed with volar plating method, 
35.71% with K-wire fixation and 28.58% had external fixation (Graph 2). 

 
Figure 2: Distribution of cases according to different fixation types 
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Table 2: Functional outcome among study participants 

Fixation type Gartland and Werley score p value 
Excellent Good Fair Poor 

External fixation (n=12) 04 07 01 00 0.0312 
K-wire fixation (n=15) 04 10 01 00 
Volar plating (n=15) 03 10 02 00 

The functional outcome was assessed by Gartlannd and Werley score showed excellent and 
good outcome in 4 and 7 cases managed with external fixation respectively. In cases 
managed with K-wire fixation showed excellent and good functional outcome in 4 and 10 
cases respectively. In cases managed with volar plating showed excellent and good functional 
outcome in 3 and 10 cases respectively. None of the cases reported poor functional outcome 
in three fixation techniques. The functional outcome between the different fixation techniques 
was statistically significant (p=0.0312) (Table 2). 

Table 3: Anatomical outcome among the study participants 

Fixation type Lindstrowm and Frykman Criteria p value 
Grade I Grade II Grade III Grade IV 

External fixation 11  01 - - 0.0246 
K-wire fixation 11  03 01 - 
Volar plating 12 02 01 - 

Lindstrowm and Frykman criteria used anatomical outcome assessment showed Grade I 
outcome in 11 cases managed with external fixation and K-wire fixation and in 12 cases 
managed with volar plating. The anatomical outcome between study groups was statistically 
significant (p=0.0246) (Table 3). 
The majority cases managed with external fixation (10 cases) and volar plating (11 cases) 
showed excellent grip strength. Whereas, K-wire fixation showed excellent grip strength in 3 
cases, good strength in 8 cases and fair strength in 3 cases. Stiffness was observed in 3 cases 
commonly among three fixation methods. Majority cases showed 76-100% range of motion 
in three fixation groups.  

Table 4: Comparison of functional status with various fixative approaches 
Functional status Fixation type  p value 

External fixation K-wire fixation Volar plating 
Grip strength 
Excellent 10 03 11 0.001 
Good 01 08 03 
Fair 01 03 01 
Poor 00 01 00 
Stiffness 
Present 03 03 03 0.610 
Absent 09 12 12 
Range of motion 
51-75% 01 02 01 0.364 
76-100% 11 13 14 
Functional status 
Regular work 10 12 14 0.0128 
Restricted work 01 01 01 
Not able to work 01 02 00 
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After fixation, 93.33% cases managed with volar plating, 80% cases in K-wire fixation and 
83.3% cases with external fixation were attending to regular works. Two cases in K wire 
fixation and 1 case in external fixation group showed difficulty in work (Table 4). The grip 
strength and functional status of fracture was statistically significant (p<0.05). In volar 
plating group, 3 cases reported wrist stiffness and 1 case showed infection. In external 
fixation, 2 cases reported wrist stiffness, 1 case each showed infection and radial sensory 
nerve deficit. In K-wire fixation, 3 cases showed wrist stiffness and 2 cases reported infection 
(Table 5).  

Tale 5: Post-operative complications among the study participants. 

Postoperative complications Fixation methods 
External fixation K-wire fixation Volar plating 

No complications 08 12 12 
Infection 01 02 01 
Wrist stiffness 02 03 03 
Radial sensory nerve deficit 01 00 00 
Superficial nerve neuropraxia 00 00 00 

Discussion 
Fractures to the distal end of radius are 
common upper extremity fractures and 
account for approximately 17% of all 
fractures [14, 15]. Multiple approaches 
like manipulation, plaster immobilization 
and operative intervention can achieve 
anatomical reduction of fracture [16]. 
Intra-articular fractures are usually high 
energy fractures frequent in young people 
[17].  This study was undertaken to 
evaluate the anatomical, functional and 
radiological outcome of closed intra 
articular fractures to distal radius managed 
with external fixation, K-wire fixation and 
volar plate. Majority cases were belonged 
age group 4th and 5th decade. Falling from 
height (50%) was common cause of 
fractures followed by road traffic accidents 
(45.24%) and due to assault (4.6%). The 
duration between injury and surgery was 
<5 days in 83.34% cases. Gill S et al., in 
their study found majority cases between 
age group 4th (54.8%) and 5th decade 
(69.69%) and road traffic accidents was 
common cause of injury followed by fall 
on outstretched hand [18]. Pinnamaneni 
SR et al., reported average duration from 
injury to surgery was 3.9 days [19].   
In current study, functional outcome was 
assessed by Gartlannd and Werley score 
showed excellent and good outcome in 4 
and 7 cases in external fixation group, 4 

and 10 in K-wire fixation group and 03 
and 10 volar plating group respectively. 
None of the cases reported poor functional 
outcome in three fixation techniques. The 
functional outcome between the different 
fixation techniques was statistically 
significant (p=0.0312) (Table 2). The 
Lindstrowm and Frykman criteria used 
anatomical outcome assessment showed 
Grade I outcome in 11 cases managed with 
external fixation and K-wire fixation and 
in 12 cases managed with volar plating. 
Pinnamaneni SR et al., reported excellent 
outcome in 60% and good in 35% cases 
treated with ORIF, 20% good results in 
external fixator group and 60% good result 
I K-wire fixation group (19). The 
anatomical outcome between study groups 
was statistically significant (p=0.0246). Xu 
GG et al., assessed functional outcome by 
Gartland and Wertley scoring and reported 
ORIF was better than external fixation 
[20]. Sanjay R et al., evaluated anatomical 
outcome using Sarmiento’s modification 
of Lindstrom criteria found excellent 
outcome in ORIF group [21].  
In current study, majority cases managed 
with external fixation (10 cases) and volar 
plating (11 cases) showed excellent grip 
strength. Whereas, K-wire fixation showed 
excellent grip strength in 3 cases, good 
strength in 8 cases and fair strength in 3 
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cases. Stiffness was observed in 3 cases 
commonly among three fixation methods. 
Majority cases showed 76-100% range of 
motion in three fixation groups. Gill S et 
al., in their study reported pinsite infection 
(11.1%), wrist stiffness (11.1%), hand 
shoulder syndrome (3.7%) and superficial 
nerve neuropraxia (7.4%) in external 
fixation group, whereas in open reduction 
and internal fixation (ORIF) group 
infection in 6.06%, wrist stiffness in 
9.09%, hand shoulder syndrome in 6.06% 
and superficial nerve neuropraxia in 9.09% 
[18]. A study by Shukla R et al., assessed 
fracture outcome by Green and O’Brien 
score reported excellent or good outcome 
in 85.5% cases managed with external 
fixation and 73.3% cases managed with 
volar plating. Higher levels of pain were 
observed in external fixator group and no 
significant difference was observed 
between volar locking plate and external 
fixator at one year after surgery [22]. 
Gill S et al., concluded that reduction and 
internal fixation with volar plate was better 
method than close reduction and external 
fixation in cases with intrarticular fracture 
to distal radius [18]. Xu GG et al., found 
no significant difference in the outcome of 
intrarticular fracture managed with 
external fixation and ORIF [20]. Sanjay R 
et al., stated that there is no standard 
treatment option for distal radius fractures. 
However, treatment depends on fracture 
type, patients demand, and surgeons 
choice and fracture characteristics [21]. A 
study by Kumbaraci M et al., reported that 
volar locking plate method had better 
functional and radiological outcome than 
external fixation [23]. Anant S et al., 
stated that cases with distal radial fractures 
managed with plating technique reported 
better functional outcome than external 
fixation in the radiological assessment 
[24]. A meta-analysis by Margaliot Z et 
al., stated that there is no evidence to 
claim that ORIF is better than external 
fixation. However, external fixator group 
showed postoperative neuritis, infection, 
pin loosening and hardware failure [25]. 
Kapoor H et al., stated that ORIF facilitate 

better anatomical restoration, but should 
be avoided in severe comminuted fractures 
[26]. Vargaonkar G evaluated anatomical 
outcome by Sarmiento’s modification of 
Lindstrom Criteria, and reported more 
frequent excellent outcome in plating 
groups than external fixation [27]. A meta-
analysis by Gouk C et al., reported that 
ORIF provide better range of motion than 
external fixation in long term. However, 
there is no significant difference in terms 
of grip strength, subjective functional 
outcome between ORIF and external 
fixation [28]. Shukla R et al., reported that 
external fixation was superior than volar 
locking plate in terms of range of motion, 
grip strength and final outcome in cases 
with distal radius fractures [29]. Sharma A 
et al., stated that volar locking plating had 
early recovery and mobilization over 
external fixation [30]. The current study 
findings were indicating that volar locking 
plate is superior to external fixation and K-
wire fixation in terms of functional and 
anatomical outcomes.   
Conclusion 
The volar plating, k-wire fixation and 
external fixation methods did not showed 
considerable difference in terms of grip 
strength, range of motion, return to work, 
functional and anatomical outcome. 
However, volar locking plating showed 
superiority in terms of radiological 
outcome and patient satisfaction than k-
wire fixation and external fixation.  
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