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ABSTRACT 

 

KEY WORDS – Distal end radius fractures,variable angle volar locking compression plates,Modified Mayo Wrist 

Score(MMWS),Functional Outcome. 

INTRODUCTION - Distal end of radius fractures are one of the most common fractures seen worldwide, 

accounting for approximately one-sixth of all the fractures . Closed reduction and cast immobilization has been the 

mainstay of treatment but recently open reduction and plating with conventional plates has gained importance as 

they can be of great value in treating distal end radius fractures. This study is based on the latest innovation in this 

regard, the effectiveness of the volar variable angle locking compression plate in treating distal end radius fractures.  

OBJECTIVE - To evaluate functional outcome of wrist  associated with variable angle volar locking compression 

plate in distal end radius fractures.  

METHOD - The patients presenting to orthopaedics OPD and emergency with history of trauma and wrist x-ray 

suggestive of distal end radius fracture will be evaluated,all patients will be assessed post operatively and followed 

up for 1 year for functional outcome after fixing it with Variable angle volar locking compression plates. 

RESULT - 27 patients were followed up for a total of 1 year. The extent of ROM at wrist joint was noted. And 

patients were asked to answer the Modified mayo wrist score questionnaire at the end of one year and results was 

calculated accordingly. 70.37% patients had excellent results and 18.52% patients had good results, while 11.11% 

patients had fair results. Complications like wrist stiffness, infection were seen. 

CONCLUSION -  Use of variable angle locking compression plates in distal radius fractures provide fair to 

excellent results and are effective in the correction and maintenance of distal radius anatomy. Hence Variable angle 

volar locking compression plate is useful and better implant in fixing unstable and comminuted intraarticular distal 

radius fractures. 
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LIST OF ABBREVIATIONS 

ACL Anterior Cruciate Ligament 

AC joint Acromio Clavicular joint 

AO Arbeitsgemeinschaft for Osteosynthesefragen (Association of 

Orthopaedics) 

AP Antero Posterior 

CRPS Complex Regional Pain Syndrome 

CT Computed Tomography 

DRUJ Distal Radio UlnarJoint 

FCR Flexor Carpi Radialis 

FPL Flexor Pollicis Longus 

LCP Locking Compression Plate 

MMWS Modified Mayo Wrist Score 

OPD Out Patient Department 

ORIF Open Reduction and Internal Fixation 

ROM Range Of Motion 

SD Standard Deviation 

TFCC Triangular Firbro Cartilagenous Complex 

VAVLCP Variable Angle Volar Locking Compression Plate 

# Fracture 

% Percentage 

< Less than 
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INTRODUCTION 

The most common fractures in the upper limb are those of Fractures in Distal end Radius , 

which is seventeen percent of other fractures and seventy five percent of forearm fractures. [1] 

Of all fractures examined and treated, these injuries make up around one-sixth of cases.As Dr. 

Abraham Colle’s put it  [2] “this fracture takes place about an inch and a half above the 

carpal extremity of the radius and there is a 17% lifetime probability for distal radius 

fractures.”  

 

Majority of the wounds are "closed" . For optimal functional outcomes, restoring radial 

height, volar tilt, and congruency of articulating area is crucial. [3] A variety of 

malformations and limitations may result from an inability to attain and maintain near 

anatomic repair. To do this, the surgeon can choose from a variety of approaches. Different 

approaches, such as percutaneous K wire fixation with cast immobilizations, universal mini 

external fixators, and opening up the fracture and reducing it with help of plate, are used to 

treat fractures of lower Radius. Though widespread, there isn't a clear consensus on how to 

treat these fractures because the literature doesn't provide any conclusive clinical based 

information. [4] A successful result is frequently unattainable when utilizing the same 

methods and materials for various kinds of fractures. The secret to successfully managing 

more complicated distal radius fractures is the recognizing fracture pattern, safe fracture 

repair, and holding anatomic reduction.(5) 
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STUDY OBJECTIVE 

Study Objective was to assess functional recovery of fractures in distal end radius treated 

with Variable angle Volar locking compression plate. 
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LITERATURE REVIEW 

A prospective study done in between October 2015 to September 2017 done by Dr.amarnath 

ap et al [6] concluded “Variable angle volar locking compression plates can produce good 

functional results because they enable quick mobilization without causing fracture collapse or 

loss of reduction. Due to its low rate of complications, this therapeutic approach may prove 

beneficial in the management of unstable distal end radius fractures, hence promoting prompt 

rehabilitation.” 

A prospective study done in between may 2013 to October 2015 done by Dr.Ashish et al [7] 

“determined that lower radius fractures treated with variable angle volar locking plate when 

compared to fixed angle volar locking plate reduces risk of loss of anatomic reduction and 

wrist stiffness, and that positive outcomes are possible.” 

A prospective study done in between January 2018 to December 2018 done by maj Hemant 

singh chahar et al “concluded that variable angle volar Locking plates at the distal end radius 

represents a notable advancement in the treatment of distal radius fractures, enhancing the 

restoration of wrist shape and function.” 

A prospective study done in between September 2018 to October 2019 done by Dr Sanjeev 

gupta and co [14] “The study found that using variable angle volar Locking plates for distal 

radius fractures minimizes complications and the risk of redisplacement and malunion, 

leading to improved patient outcomes.” 

Dobyns JH et al (1980) “A study of 565 patients with Colles fractures treated conservatively 

between 1968 and 1975 revealed a high complication of thirty one percent” [2] 

JK Bradway et al “ A retrospective review of 16 patients with distal end radius fractures 

treated with open reduction and internal fixation concluded that this method is preferred for 
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displaced, comminuted intra-articular fractures. This approach is recommended when closed 

reduction fails to align the articular surface, as anatomical restoration is crucial to prevent 

post-traumatic arthritis.”[48] 

IP WY,Chow SP et al.(1997) “In their study involving 34 patients with intra-articular distal 

end radius fractures, the use of open reduction and internal fixation with buttress plates and 

screws was found to primarily offer the advantages of restoring normal alignment and 

ensuring stab isle fixation.”[47] 

Jakob M et al (2000)“ A study involving 76 patients concluded that for dorsally displaced 

fractures requiring open reduction to restore congruency and extra-articular anatomy, 

utilizing a double plating technique with 2mm titanium plates is a dependable approach. This 

method ensures stable internal fixation and facilitates early functional recovery.”[46] 

Richard A. Rogachejesky et al (2001) Research findings “indicate that severe comminuted 

intra-articular fractures of the distal radius necessitate treatment through open reduction 

coupled with a combination of internal and external fixation methods. This integrated 

approach, complemented by bone grafting and plate fixation as required, proves to be an 

effective and acceptable treatment option.”[49] 

Spranger A et al.(2003) “In Berlin, his initial clinical encounters with variable angle volar 

locking compression plate for dorsally displaced fractures of the distal radius were 

documented. Out of 24 patients, most achieved a favorable range of motion and promptly 

resumed regular activities.”[21] 

“Between 2001 and 2003 in Hong Kong, Wong KK and Chan KW et al administered open 

Reduction and internal fixation with a locking compression plate to 54 patients with Unstable 
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distal radius fractures. Their findings indicated excellent to good outcomes, Supporting the 

efficacy and safety of volar locking compression plating for these Fractures.”[22] 

“In Germany, from January 1999 to December 2003, Köck et al managed 603 patients with 

Distal end radius fractures but no additional injuries, using a locking compression plate. 

Thanks to the permanent retention provided by subchondral fixation, early mobilization Was 

feasible. Opting for the volar approach minimized infection risks and eliminated the Need for 

plate removal.”[31] 

“In Washington, Musgrave DS et al investigated the applicability of locking compression 

Plates for treating unstable distal end radius fractures. Their findings confirmed that 

Employing volar fixed-angle plate fixation, with or without radial styloid fixed-angle plate 

Fixation, offered ample rigidity, enabling early active range of motion without compromising 

Fracture reduction. This approach also enhanced the early initiation of functional 

Outcomes.”[23] 

“In the US, Cognet JM et al examined the use of plate fixation with locking screws for distal 

Radius fractures in 67 patients. His analysis revealed that while the ideal fixation method for 

Distal radius fractures is debatable, the initial stability attained with a locking screw in a Plate 

facilitates early mobilization, leading to a swifter recovery of function.”[24] 

In Mineola, USA, Scott M. Levin et al “noted that fixed angle constructs endure cyclical 

Loading, mimicking typical physiological forces encountered during postoperative recovery. 

Their conclusion emphasized that volar fixed-angle locking plates represent an efficient 

Treatment option for unstable extra-articular distal radius fractures, enabling the initiation Of 

early postoperative rehabilitation safely.”[27] 
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Adam Hart’s research in 2009 showed that “variable-angle screws offer similar 

Biomechanical stability as fixed-angle VLPs in the DU position, allowing for a 3 mm margin 

In both sagittal and coronal directions. While the use of more expensive polyaxial plates 

Might not be warranted in uncomplicated extra-articular fractures, the additional flexibility 

Provided by independent screw trajectories aids in placing plates in intricate intra-articular 

Fractures.”[45] 

Sascha Rausch’s research in 2011, conducted in Germany, “revealed that the polyaxial 2 

Column plate is an effective solution for managing intra-articular fractures of the distal end 

Radius. This plate type demonstrates increased construct stiffness and superior Performance 

during cyclic loading, establishing it as a reliable and advanced device.”[43] 

William J. Marlow from Macclesfield, U.K., in 2012, “highlighted the emerging shift towards 

Volar plating systems featuring variable angle distal locking screws. This advancement 

Enables surgeons to customize screw orientation to avoid intersecting articular surfaces And 

achieve more accurate fragment capture. The new plating system offers benefits in Securing 

comminuted fractures and reconstructing the intricate geometry of the distal Radius articular 

surface, all while minimizing the irritation of the tendon and joint Penetration. Variable angle 

locking plates hold promise for increased flexibility in implant Positioning and improved 

intra-fragmentary fixation in specific fracture cases.”[39] 

Mark Lenz observed in 2014 that “variable angle locking screws enable screw orientation 

Within a 15° cone, making it easier to directly fix fracture fragments with precise screw 

Placement. These screws exhibit locking strength comparable to orthogonally placed fixed 

Angle locking screws when inclined up to 15°, whereas fixed angle screws inserted at 5 to 15° 

inclination showed reduced locking strength.”[10] 
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In 2014, Louay observed that the“ polyaxial volar locking plate system allows For deeper 

insertion of distal screws into the subchondral bone, enhancing support for Fracture 

fragments. This capability to adjust screw insertion angles by 15º from the center Likely 

contributes to increased construct rigidity, potentially leading to improved outcomes For 

patients with osteoporotic lower end radius fractures.”[29] 
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ANATOMY 

The distal part of radius and ulna are crucial components of wrist and restoring the  normal 

anatomy is vital for wrist range of motion and load transmission 

 

The wrist joint plays a crucial role in maintaining hand posture and enabling full hand 

function. Consequently, fractures that heal improperly may negatively impact hand function. 

The distal radius's articular surface comprises two concave areas,one articulates with 

scaphoid and another one articulates with lunate. A ridge separates these two by extending 

from dorsal surface to volar .The surface shaped like a triangle, with its widest part created by 

the sigmoid notch and its narrowest point at tip of styloid process of Radius . Additionally, 

The articulating area slopes towards the palmar side and the ulnar side.The volar aspect of 

radius curves inward proximally to distally. It’s quite smooth,facilitating the good placement 

of curvature of plate in this region. Additionally, it provides anchorage for robust radio-carpal 

Figure 1 AXIAL IMAGE OF WRIST 
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ligament, which help counter the natural inclination of the wrist to move toward the ulna and 

palmar side . This curvature's overlaid by horizontal muscle fiber group of Pronator 

Quadratus muscle, which connects to lateral aspect of Radius. 

Dorsum part of the bone is convex and notably uneven, with Listers tubercle being the most 

prominent feature, serving as the passage point for the tendon of extensor pollicis 

longus.Grooves over this surface create base for extensor compartments 

 

 

 

 

 

 

 

 

 

 

The Radius Sigmoid Notch is a smoothly curved surface semi-cylindrical in shape which 

allows rotatory movement of radius around the ulnar.The ulnar head moves volarly during 

supination and Dorsally during pronation.The cartilage is mostly present all over the ulnar 

Figure 2 : Shows articulating area of distal ulna and radius 
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head, even the inferior region.It does not come in direct contact with carpal bones because the 

TFCC articulates with the triquetrum. TFCC functions as primary stabilizer of the distal 

Radio-ulnar joint along with flexor Carpi Ulnaris,pronator quadratus,extensor Carpi 

Ulnaris,inter-osseous membrane of fore-arm. 

Dorsal surface of wrist give rise to Radioscapholunate and radiotriquetral ligament. 

 

 

Figure 4 : Facets of distal radius 

Figure 3 : LIGAMENTS OF DISTAL RADIUS 
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The palmar aspect of wrist give rise to Radio-capitate ,Radio-triquetral and Radio-collateral 

ligament.The TFCC spans from notch of Radial styloid to Ulnar styloid 

 There are 2 radioulnar ligaments one on dorsal aspect and one on volar aspect which are 

formed by the thickened edges of dorsal and volar side of TFCC .Distal end of radius along 

with TFCC articulates with scaphoid,lunate and triqeutrum with the help of scapholunate 

ligament,lunotriquetral ligament,interosseous ligament and extrinsic wrist ligaments. 

                                  The tendon of the brachioradialis muscle if the only attachment at lower 

Radius.Other wrist extensors and flexors after traversing distal radius insert into the base of 

metacarpal bones and carpal bones      

  

Figure 5: IMPORTANT STRUCTURES AT LEVEL OF WRIST AND FOREARM 
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VASCULAR SUPPLY AND NERVE SUPPLY 

Distal end radius primarily is supplied by dorsal epiphyseal branches , palmar epiphyseal 

branches which arise from radial artery, anterior inter-osseous artery and Palmar carpal 

branch which supply the Radial palmar aspect, sigmoid notch and dorsal surface of Lister 's 

tubercle, the metaphysis is supplied by periosteal and cortical branches which arise deep from 

the pronator quadratus and the anterior inter-osseous artery.Nutrient artery supplies diaphysis 

region along with anastomosis of branches of the Ulnar artery and posterior interosseous 

artery 

The cutaneous nerve supply to Dorsum of wrist is by superficial branch of Radial nerve and 

Posterior interosseous nerve, palmar supply is from anterior inter-osseous nerve and palmar 

branch of median nerve 
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Figure 6 : VASCULAR SUPPLY OF DISTAL RADIUS 
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BIOMECHANICS OF DISTAL RADIOULNAR JOINT 

 
                      The radius moves around a fixed stable ulna . There is dorsal or volar 

dislocation of radius in comparison with stable Ulna.Distal Radio-ulnar joint exhibits both 

rotational and translational Motion. 4 main structures stabilize the joint in various forearm 

rotation Dorsal and Palmar radioulnar ligaments,Interosseous membrane and Pronator 

quadratus 

                     Palmar radio-ulnar ligaments tighten most during forearm supination, stabilizing 

the joint, while The dorsal ligaments tighten most during forearm pronation. 

                     The axial load transmission takes place mainly through the radius, volar or 

dorsal displacement of Radius fracture disrupts this mechanism and forces start acting on the 

TFCC onto the ulna causing positive ulnar variance and increased axial forces through distal 

ulna 

 

CLASSIFICATION 

1) Frykman classification  

This classification primarily focused on identifying fracture in articulating surface and distal 

ulnar fractures. It described regarding radio-carpal involvement and distal radio-ulnar 

involvement as they were deemed the most significant prognostic factors. 
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2)Melone devised a classification system for intra-articular fractures, identifying four 

Components: styloid process of the radius,medial dorsal,volar medial fragment and 

involvement of radial shaft as shown in the figure 

3)Fernandez classified based on mechanism of injury as shown in figure 

4)Later AO classified it into extra articular,partial intraarticular and complete intraarticular as 

shown in the figure which is standardized all over the world 

Figure 7 : FRYKMAN CLASSIFICATION 
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Figure 8 : MELONE AND FERNANDEZ CLASSIFICATION 
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Figure 9 : AO TYP A CLASSIFICATION 

Figure 10 : AO TYPE B CLASSIFICATION 
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ASSOCIATED INJURIES 

Interosseous Ligament Injury: 

In distal radius fractures, interosseous ligament damage typically affects the scapholunate 

And lunatotriquetral ligaments.  

Triangular Fibrocartilage Complex (TFCC) Injury: 

They are more frequent than interosseous ligament injuries. However with regards to clinical 

outcome it's not of much significance except for loss of grip strength 

Figure 11 : AO TYPE C CLASSIFICATION 
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EVALUATION METHODS: 

X-ray of the involved wrist joint would be the first investigation needed to confirm the 

clinical diagnosis usually wrist AP view,wrist lateral view would suffice to diagnose . 

Additional views might be necessary to assess Associated injuries and displacement 

accurately. Various radiologic measurements are Commonly employed to gauge distal radius 

orientation, reducing observer discrepancies. 

 

 

 

Palmar/Dorsal Tilt: 

Angle formed by a line parallel to radius's longitudinal axis on the lateral view and furthest 

points of its dorsal and volar lips indicates this tilt. 

 

 

 

 

 

 

 

 

Figure 12 : VOLAR TILT OF DISTAL RADIUS 
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Radial Length: 

In AP view,the distance from the perpendicular drawn to the axis of distal end of ulna and a 

perpendicular drawn at the distal end of the radial styloid. 

 

 

 

 

 

 

 

Ulnar Variance: 

This measures radial shortening. The distance between one tangent to the radius longitudinal 

axis’s articular surface with the other tangent Through ulnar head’s distal articular surface. 

 

 

 

 

 

 

Figure 13 : RADIAL HEIGHT OF DISTAL RADIUS 

Figure 14 : ULNAR VARIANCE MEASUREMENT 
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Radial Inclination: 

 When evaluated in the posteroanterior view, it is the angle between the articular surface of 

distal end radius and a perpendicular drawn to radius's longitudinal axis. 

 

 

 

 

 

 

 

Carpal Malalignment: 

It includes compensation for distal radius tilt and can be extrinsic or caused by carpal 

Ligament disruption. It’s evaluated by intersecting lines along the capitate and radius axes On 

a lateral view. 

 

Figure 15 : RADIAL INCLINATION MEASUREMENT 

Figure 16 CARPAL MALALIGNMENT 
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Advanced Techniques: 

Computerized Tomography (CT) scans with three dimensional reconstruction offer enhanced 

visualization and accuracy in Assessing intra-articular fractures, displaying fracture lines and 

displacement more Precisely than x-rays,improving intraobserver agreement and facilitating 

surgeon decisions on the type of approach needed for that particular fracture pattern. 

However, Their impact on functional outcomes requires further investigation. 

 

THEORY OF MANAGEMENT:  

STABILITY ASESSMENT  

These variables were identified by LaFontaine et al. as indicators of instability: (1) first 

dorsal angulation more than 20° ; (2) dorsal metaphyseal fragmentation; (3) involvement of 

articular surface ; (4) concomitant ulna fracture; and (5) age greater than 60 years 

 

 

Figure 17 POSITIVE ULNAR VARIANCE 
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The fundamental AO concepts were: 

 

 The original AO principles emphasized anatomic fracture reduction and rigid stability, 

Alongside preserving blood supply and promoting early limb function. Recognizing that not 

All fractures allow for perfect reconstruction, modifications include prioritizing axial 

Realignment over anatomic perfection in long bones, ensuring appropriate stability for 

Healing, utilizing minimally invasive techniques, and promoting early mobility. 

In treating distal radius fractures, the goals include restoring articular congruity, achieving 

Proper alignment, regaining functional wrist joint movement, and addressing associated 

Injuries. Developing a tailored treatment plan hinges on variety of factors like bone Quality, 

patient's demand,age, injury characteristics, and reduction quality. 

 

 

 

 

 

 

 

 

 

Figure 18 : ACCEPTABLE REDUCTION CRITERIA FOR DISTAL RADIUS FRACTURE 
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TREATMENT OPTIONS  

Closed reduction with cast application 

k wire percutaneous pinning +/- cast application  

External fixator application 

Opening up the fracture and reducing it with plate 

CONSERVATIVE MANAGEMENT 

Conservative treatment is used for non-displaced or mildly displaced fractures, which are 

usually not associated with carpal malalignment, dorsal tilt < 10°, and ulnar variance < 3mm. 

This involves immobilization in a below elbow cast or splint with Radiographic assessments 

at 7 days. If satisfactory, wrist mobilization follows. If there is instability or significant 

Articular displacement in Displaced Fracture , early operative intervention is advised. Manual 

Manipulative reduction may be attempted under regional anesthesia for fractures with  

acceptable articular alignment and lower instability risk. Cast immobilization usually lasts 

four to six weeks, based on x-ray radiograph healing and symptomatology. 

Closed reduction and immobilisation:For undisplaced fracture and Colles fracture the fracture 

can be reduced with help of traction, palmar flexion, ulnar deviation, ligamento-taxis and cast 

immobilisation,reduction can be confirmed under fluoroscopy.Cast immobilisation for a 4-6 

week period then can be started with wrist ROM and radiograph shows healing signs 

OPERATIVE INDICATION FOR SURGERY: 

Unstable fracture, displaced partial intraarticular fracture, complete intraarticular fracture 
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K wiring +/- cast application : 

Reducing the fracture with help of multiple K wire and if required cast immobilization   

External fixation: 

Patient under effect of anaesthesia reduce the fracture.  Three millimeters half threaded 

schanz pin on dorsal aspect of hand into second/third metacarpal then 2 three millimeters 

half-threaded schanz pins by using tissue protectors into dorsum of radius. Apply an external 

Figure 19 : MANAGEMENT OF DISTAL RADIUS FRACTUR 
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Fixation frame, potentially reinforced with K-wires, especially beneficial for complex or 

Compound fractures. 

CHARACTERISTIC FEATURE OF VAVLCP: 

This plate offers Variable angle distal locking Holes which allow up to 15° of free movement 

inorder for capturing the specific fragment. With fixed LCP there were high chances of 

intraarticular placement of screws but with variable angle plate with the 15 degree of freedom 

this problem has been overcome. It prevents the angular collapse at the fracture site. It 

provides a more stable construct than fixed angle plates. 

 

PLATE:  

The variable angle volar locking compression plate has a thin frame comes in 2 profiles 

3.5mm plate as well as 2.7mm plate which is available in titanium as well as stainless steel 

form with a volar tilt of twenty six degrees for maintaining the volar tilt at articular surface 

for normal function. The distal holes are for 2.7mm/2.4mm locking screws with locking 

sleeve guide with 15° of freedom, the proximal combi holes are for 3.5mm/2.7mm locking as 

well as cortical screws. Fixed angle locking screws has a traditional cone shape threaded head 

whereas the variable angle locking screws have a cupped design for the additional 15° 

freedom of screw placement and locking to the plate. 
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21(A) 

Figure 20 : DEPICTING VARIABLE LOCKING SCREWS CUP SHAPED THREADS 
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21(B) 

21(C) 

Figure 21 A,B,C : VAVLCP SET 
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MATERIALS AND METHODS 

 

This study was done in KLE's Dr. Prabhakar kore's hospital ,Belagavi,Between June 15th, 

2022, and June 14th, 2023, individuals with complaints of pain and swelling over the wrist 

after a history of trauma,injuries or fall were evaluated for distal end radius fractures at the 

emergency or OPD of orthopaedics 

Study Period: 

 Over a period of one year from 15/06/2022 to 14/06/2023 

Sample Size:  

       The sample size was  27 

Sampling technique:  

The minimum sample size formula based on prevalence rate is 

n=[zα²P(1-P)]/d² 

where P is the percentage of Distal end radius fracture and d is the percentage likely 

difference in the prevalence. 

zα is linked with the level of significance. For 5% level of the significance zα = 

1.96. 

Ref: 

With [13] P = 78% and d = 20% of P = 15.6% 
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Criteria for Inclusion: 

1) Individuals with extraarticular and intra articular fractures in Distal Radius. 

2)Individuals with age more than or equal to 18 years who provide consent for participating 

in our study. 

Criteria for Exclusion: 

1) Pathological fractures excluding osteoporosis. 

2) Patients who are skeletally immature. 

3) Individuals with active infections or open fractures. 

4) Participants with injuries like severe head injury(paresis and plegia) and spinal cord injury 

which may interfere with our rehab protocol 

5) Those with associated neurovascular injuries. 

Data processing and analysis/statistical analysis: 

Since the study is of observational study the plan of analysis will be as follows.For the 

continuous quantitative variables mean and standard deviation will becalculated. For the 

purpose of comparison if the data is divided into two groupswith respect to certain 

qualitative characteristic, the continuous variables will becompared using suitable tools of 

statistics like student’s unpaired t test. The preand post treatment measures will be 

compared using student’s paired t testDiscrete variables will be represented by 

median.The categorical data will be expressed in terms of rates, ratios and 

percentages.The association between the outcome, clinical and demographic 

characteristicswill be tested using Chi-square test, test of proportion or Fisher’s exact 

test.For discrete variables nonparametric tests will be used.Apart from the abovesuitable 
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tools like ANOVA, correlation, regression etc., will be used according to the 

need.Suitable graphs will be used to depict the comparison.For all the tests the valueof p 

less than 5% (0.05) will be considered significant. 
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INSTRUMENTS AND IMPLANTS USED: 

• 3.5mm/2.7mm Variable angle volar LCP set 

• 2.7mm/2 mm drill bit,guide sleeve and k wire set 

• AO drill. 

• Cortical Tap and depth gauge for 3.5mm/2.7mm cortical screws 

• Screw driver for 3.5mm/2.7mm/2.4mm locking screws and 3.5mm/2.7mm cortical screws. 

• Scalpel,blade,retractor, periosteum elevator,bone spikes,clamp,cautery, suction etc  

• Arm tourniquet with different size cuffs. 

 

OPERATIVE PROCEDURE: 

A straight incision radial to flexor carpi radialis between FCR and Radial artery with forearm 

kept in supination . Protect radial nerve’s sensory branch beneath Muscle 

Brachioradialis.Incise sheath over tendon of flexor carpi radialis, retract tendon along with 

radial artery and vein,deeper to that muscles Flexor pollicis Longus and Pronator quadratus 

are exposed.Retract FPL and incise pronator quadratus in reverse L shape if not already torn 

Elevate it subperiosteally from the anterolateral radius,visualize fracture.Utilize 

manipulation,ligamento-taxis to Reduce the fracture, possibly using provisional K-wires for 

stabilization. Place the plate of choice and fix the fracture and confirm the reduction through 

fluoroscopy to mitigate complications. Suture the pronator quadratus over the plate’s distal 

end to prevent tendon irritation.followed by skin closure,followed by below elbow slab 

immobilisation for 4 weeks after operation. 
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POST  OPERATIVE PROTOCOL 

Following surgery, we collected data on the time it took for patients to regain full wrist 

Mobility and monitored for post-operative complications, including symptoms of median 

Nerve compression, improper bone healing, fixation failure,infections, compartment 

syndrome and complex regional pain syndrome (CRPS).  All individuals began gentle wrist 

exercises approximately four weeks after surgery.All individuals were asked to follow up and 

functional outcome was assessed using the Modified Mayo Wrist Score (MMWS) at six, 

twelve weeks,six  months,twelve months  post operative  period. 

MMWS is scoring system for the patients 

Out of 100 points 

Twenty five for pain severity 

Twenty five for work status 

Twenty five for range of motion 

Twenty five for grip strength calculated as percentage of normal 
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GALLERY 
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HOLDING REDUCTION WITH 

PLATE AND K WIRE 
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Figure 22  : DEPICTING INTRA OPERATIVE IMAGES OF SURGERY 

BROAD AND NARROW VAVLCP PLATES 

INTRA OPERATIVE C-ARM IMAGES 
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RESULTS 

             Our research involved treating twenty seven subjects . We diligently tracked each 

case’s Progress. The average age of participants is 48 yrs. After thorough assessment of our 

cases we compared it with other studies. 

Sex ratio of our study:: Out of the total participants, 18 were male (63.3%), while 9 

were female (36.6%), indicating A higher proportion of male participants in our study 

        Table 1: sex ratio of our study 

 

 

 

 

 

 

 

Gender Number of 

patients 

Proportion 

Males 18 67% 

Females 9 33% 
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Affected side : 

Out of the cases examined in our research, 11 cases right side and 16 cases left Side. 

                                 Table 2: Affected side distribution 

 

 

 

 

 

 

 

 

Affected Side cases % 

Right 11 41% 

Left 16 59% 
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Mechanism of injury : 

Among the cases examined, 16 (59%) patients sustained injuries from road traffic Accidents, 

while 11 (41%) experienced falls at home. 

                                   Table 3 : Mechanism of injury 

Mechanism Number of case Proportion 

Road accidents 16 59% 

Domestic fall 11 41% 
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Age Distribution: 

                  Table 4: Age distribution 

Age-range Number of patients Proportion 

21 to 30 2 7% 

31 to 40 7 26% 

41 to50 7 26% 

51 to 60 6 22% 

61 to70 4 15% 

>70 1 4% 

  

               Patients average age was 48 yrs. 
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Fracture type 

           Table 5 : AO CLASSIFICATION 

 

 

 

 

 

 

 

 

 

 

 

                The Majority of cases were of B3 followed by C2 Type. 

 

AO Classification type Number of patients 

A2 2 

A3 2 

B1 3 

B2 3 

B3 7 

C1 3 

C2 5 

C3 2 
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Other associated injuries: 

           Table 6 : Other associated injuries 

Other associated injury Number of patients Proportion 

Head injury 2 7.41% 

Right proximal tibia # 2 7.41% 

Right ACL injury 1 3.70% 

Left AC Joint dislocation 1 3.70% 

Ipsilateral distal ulna # 1 3.70% 

 

Out of 27 cases 7(25.9%) cases had associated injuries 
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Functional Outcome: 

                                          Table 7 : Functional outcome of our study 

 Degrees count % 

Dorsiflexion 

 

 

 

 

 

70 1 3.7% 

75 4 14.8% 

80 11 40.7% 

85 8 29.6% 

90 3 11.1% 

Plantarflexion 70 3 11.1% 

75 6 22.2% 

80 10 37.04% 

85 7 25.9% 

90 1 3.7% 

Radial deviation 10 1 3.7% 

15 11 40.7% 

20 13 48.14% 

25 2 7.4% 
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Ulnar deviation 

   

20 7 25.9% 

25 5 18.5% 

30 8 29.6% 

35 4 14.8% 

40 3 11.1% 

 

 

Supination 

70 1 3.7% 

75 4 14.8% 

80 9 33.3% 

85 8 29.6% 

90 5 18.5% 

 

 

Pronation 

   

70 2 7.4% 

75 3 11.1% 

80 14 51.9% 

85 8 29.6% 

In our study 81.4% of patients had dorsiflexion of more than and equal to 80 degrees,66.64% 

of patients had plantar flexion of more than and equal to 80degrees,96.2% of patients had 

radial deviation of more than and equal to 15 degrees,55.5% of patients had ulnar deviation 
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of more than and equal to 30 degrees,81.4% of patients had supination of more than and 

equal to 80 degrees,81.5% of patients had pronation of more than and equal to 80 degrees 

Graph depicting Functional outcome of our study 
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RESULTS VS OUTCOME : 

                           Table 8 : Results vs outcome 

Outcome 

 

Results P Value 

 Excellent Good Fair 

Mean SD Mean SD Mean SD 

Dorsiflexion 83.68 3.67 78 2.74 73.33 2.89 <0.0001* 

Plantarflexion 81.84 3.80 75 3.54 71.67 2.89 <0.0001* 

Radial deviation 19.21 3.01 16 2.23 13.33 2.89 0.0052* 

Ulnar deviation 30 6.87 26 4.18 21.67 2.89 <0.0001* 

Supination 84.74 3.9 78 2.74 73.33 2.89 <0.0001* 

Pronation 82.1 2.54 77 2.74 73.33 5.77 <0.0001* 

 

*The functional outcome with respect to results the P Value is (<0.05) is significant for all 

the outcomes. 



61 

 

 

Graph depicting results vs outcome of our study 
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Adverse events in our study: 

                                                    Table 9: Adverse Events 

Adverse events cases % 

Infection 1 3.7% 

Wrist stiffness 1 3.7% 

Out of 27 only 2 patients (7.4%) had complications which improved with treatment and 

physiotherapy 

 

 



63 

 

Evaluation of Results 

                                              Table 10 : Evaluation of Results  

Outcome cases % 

Excellent 19 70.37% 

Good 5 18.52% 

Fair 3 11.11% 

Poor 0 0 

 

Out of 27 cases, 19 cases(70.37%) had excellent results,5 cases(18.52%) had good results,3 

cases(11.11%) had fair results. 
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DISCUSSION 

Recent advancements in managing distal radial fractures have been shaped by an Enhanced 

understanding of radial anatomy, patient preferences, and innovative fixation Methods.  

           Locking plates are now preferred, especially in cases of osteoporosis or complex 

Fractures. The volar approach has gained popularity in recent times.  

           The Variable-angle volar locking compression plate (VAVLCPs) marks significant 

leap forward in the treatment of bad comminuted fractures. These plates offer increased 

Versatility in screw placement, enabling surgeons to precisely position subchondral screws 

For better fracture fragment stabilization. 

 Our study results have been compared with Various other research findings across different 

parameters such as the affected side, Injury mechanism, and fracture types. 

1) Involved side:  

Out of our research cohort, 11 cases featured injuries to the dominant wrist (right side), While 

16 cases involved the non-dominant (left) side 

2)Mechanism of injury:  

In our investigation, 16 cases (59.25%) resulted from road traffic accidents, while 11 cases 

(40.74%) stemmed from domestic falls. 

3) Type of fracture:  

In our study,AO classification system was used. We observed that  A2 and A3 fractures 

accounted for 7.4% each, B1 and B2 fractures each Represented 11.11%, B3 fractures 

constituted 25.93%, C1 fractures made up 11.11%, C2 Fractures were 18.52%, and C3 

fractures accounted for 7.4%. Comparing our findings with Other studies, Anakwe et al. 



65 

 

(2010) reported different distributions: 4 C1 cases, 8 C2 cases, 9 C3 cases. Studies done by 

Sanjay A shows  1 A1 case, 5 A2 cases, 7 A3 cases, 7 B2 cases, 3 B3 cases, 1 C2 case and 1 

C3 case. Studies by Kavin showed 4 A3 cases, 9 C2 cases, and 10 C3 cases. Studies by 

William JM showed 15 A3 cases, 5 B3 cases, and 45 C3 cases. We found that the most of our 

fracture falll into the B3 and C2 categories. 

4) Adverse events 

In our research, we encountered two complications (7.4%). One patient developed an 

Infection at the surgical site, while another experienced wrist stiffness due to noncompliance 

with our physiotherapy protocol. In comparison, studies by Anakwe showed   4.8% 

complications, studies by Sanjay A showed a 4% complications, studies by Kavin showed 

21.7% complications, and studies by William JM showed 7.69% complications. 

5) Results :  

                  In research study done by us outcomes varied, with 70.37% of cases categorised 

as excellent, 18.52% Categorized as good, and 11.11% as fair, with no instances of poor 

results. Patients with Excellent outcomes resumed normal activities without pain and 

maintained normal movements often starting physiotherapy earlier.  

                  Those with good outcomes experienced no pain and near normal 

movements .Those with fair outcomes included residual issues like mild deformity with pain 

along with limitation of movements . 

 In comparison with other studies, Anakwe et al. (2010) utilized clinical examinations, 

measuring grip Strength of the affected wrist along with radiographs,patient rated wrist 

evaluation scoring, reporting 95% results. Studies by Sanjay A Employed the MMWS, 

revealing 100% achieving excellent results after one year. Studies by William JM et al. 

Achieving 100% excellent results.  
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Our research investigation results mirror those of Kavin et al. (2015), reporting 65% excellent 

and 35% good, Offering a similar perspective on treatment efficacy 
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CONCLUSION 

In conclusion, domestic fall onto outstretched hands commonly result in distal radius 

fractures, With those from road traffic accidents often being displaced and intra-articular, 

primarily Falling under AO B2,AO B3, AO C1,AO C2, and AO C3 classification. Our 

findings support the Efficacy of variable angle Volar locking compression plate for treatment 

of intra-articular  unstable fracture in distal radius .These plates facilitate precise anatomical 

realignment and early wrist Mobilization, offering biomechanical superiority by preventing 

angular collapse and good subchondral screw plate hold with 15° freedom of screw 

placement in various columns of fracture. Anatomic reduction was achieved in most cases 

irrespective of fracture displacement allowing most of patients to return to normal activities. 

Moreover, these plates contribute to quicker recovery of joint motions and daily Functioning. 

 

 

 

 

 

 

 

 

 



68 

 

OVERVIEW 

 Our Research study presents a total of 27 patients who were diagnosed to have 

Distal radius fracture treated with Variable angle Volar locking compression 

plate in Dr. Prabhakar Kore’s KLE Hospital and MRC in Belagavi. 

 Higher proportion of males compared to females. 

 Majority patients were in 3rd and 4th decade of life, accounting for 26% of the 

total. 

 The predominant cause of injury was road traffic accidents. 

 Two patients sustained head injuries, two had proximal tibia fractures, one had 

a right ACL injury, one had a left AC joint dislocation, and one had an 

associated distal ulna Fracture. In total, 7 patients (25.9%) presented with 

associated injuries. 

 The VAVLCP is preferred treatment approach in management of fracture in 

distal radius,particularly for AO B3, C1, and C2 fractures. 

 However, in severely comminuted Type C3 fractures with osteoporosis, 

VALCP Proved less effective due to inadequate bone purchase for the screws. 

 Despite lower MMWS scores in Type C3 fractures, the VALCP remains the 

preferred implant For Type C fractures among the available options. 
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ANNEXURE 1 : INFORMED CONSENT 

“TO EVALUATE THE FUNCTIONAL OUTCOME OF DISTAL END RADIUS 

FRACTURE TREATED USING VARIABLE ANGLE VOLAR LOCKING 

COMPRESSION PLATES – An observational prospective study” 

 

Name of Student/Principal Investigator: 

Name of Guide/Co Investigators:       

 

Objective: “TO EVALUATE THE FUNCTIONAL OUTCOME OF DISTAL END 

RADIUS FRACTURE TREATED USING VARIABLE ANGLE VOLAR LOCKING 

COMPRESSION PLATES - An observational prospective study” 

Introduction: Fractures of lower end radius are most common fractures of the upper 

extremity encountered in practice and constitute 17% of all fractures and 75% of all 

forearm fractures. These injuries account for approximately one sixth of all fractures 

seen and treated. In the words of Dr. Abraham Colles “this fracture takes place about 

an inch and a half above the carpal extremity of the radius and there is a 17% lifetime 

probability for distal radius fractures”. The majority of these injuries are 'closed', with 

no evidence of breach of the surrounding skin.Restoration of radial length, radial tilt 

and congruity of articular surfaces is important for good functional results. Failure to 

achieve and maintain near anatomic restoration can lead to various deformities and 

disabilities. The treating orthopedician has an armamentarium of treatment options to 

select from to accomplish this. Distal radial fractures are being treated by various 

methods i.e. closed reduction with cast immobilizations, percutaneous pinning, external 

fixation and ORIF with conventional plating. Regardless of these fractures being 

common, there is no clear consensus on their treatment as there is no clear clinical-
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based evidence in the literature. It is often not possible to have a successful outcome 

using the same approach and materials for different types of fractures. Recognition of 

fracture patterns, secure fixation of fractures and maintenance of reduction is the key 

for successful management of more complex fractures of distal radius.The purpose of 

this study was to determine anatomical restoration and stabilization of acute fracture of 

the distal radius and functional outcome following ORIF by applying variable angle 

locking volar plate. 

 

Explanation of procedure:  

Range of movements at wrist and forearm and wrist x-ray to be evaluated and studied over a 

period of one year in 27 selected patients at KLE'S Dr Prabhakar kore's hospital and Medical 

research centre and charitable hospital,Belagavi 

All the patients will be reviewed post operatively at 2weeks,6weeks,12weeks and 6 months 

or until the fracture has healed clinically and radiologically  

All the patients will be assessed for functional outcome and radiographs will be taken at 

every visit 

 

Withdrawal from participation in the study:  Participation in this study is voluntary.  You 

will be free to decide whether to participate in this study or continue participation once 

enrolled.  In case you decide to withdraw your participation, you are free to do so. However, 

please convey the decision to the principal investigator. 

Possible benefits from participating in the study:  You will/will not have nor get any 

benefits by participating in this study. The data gathered will help the population at large. 

Possible risks from participating in the study:  There are no risks involved in participating 

in this study. 
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Privacy and confidentiality: The information collected from you will be coded, to prevent 

any person from identifying you.  Your identity will never be revealed.  The data collected 

from you will be kept confidential and only processed or aggregated data will be used for 

publication. 

Financial incentives:  You will not receive any payment for participating in this study. 

Authorization for publication of aggregated data: Results obtained after processing of the 

aggregated data will be published for scientific purposes and or presented to scientific groups.  

However, your identity will never be revealed. 

Questions:  In case of any questions with regard to this study, you are free to contact 

BL0121001 If you have any question or complaints with regard to your right as study 

participant you may contact Dr Harsha Hegde, Chairperson, Ethical committee of JNMC, 

0831-2473777 Extension 4052. 

Legal rights: By signing this consent form, we are not waving any of your legal rights. 
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CONSENT STATEMENT 

 

I am making a voluntary decision to participate in the study “TO EVALUATE THE 

FUNCTIONAL OUTCOME OF DISTAL END RADIUS FRACTURE TREATED 

USING VARIABLE ANGLE VOLAR LOCKING COMPRESSION PLATES -An 

observational prospective study” .  My signature below indicates that I have decided to 

participate and I have read the information provided above or the information provided above 

has been read to me in the language that I understand best.  I was given the opportunity to ask 

questions and that they have been answered to my satisfaction. 

 

Name of the participant: 

 

Signature or left thumb impression of the participant: 

 

Name of the witness: 

 

Signature or left thumb impression of the witness:  

 

Name of the investigator: 

 

Signature of the investigator: 
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ANNEXURE 2 : CASE PROFORMA 

“TO EVALUATE THE FUNCTIONAL OUTCOME OF DISTAL END RADIUS FRACTURE 

TREATED USING VARIABLE ANGLE VOLAR LOCKING COMPRESSION PLATES”- AN 

OBSERVATIONAL PROSPECTIVE STUDY 

 

PATIENT  NAME: 

                                                                                                 IP NO: 

AGE: 

                                                                                                 SEX: 

ADDRESS: 

 

DOA: 

 

DOD: 

 

PHONE NUMBER: 

 

DIAGNOSIS: 

 

PROCEDURE DONE: 

 

FUNCTIONAL OUTCOME: 
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                                                               6 WEEKS                    12 WEEKS                      6 MONTHS         

DORSIFLEXION    

PALMARFLEXION    

PRONATION    

SUPINATION    

RADIAL DEVIATION    

ULNAR DEVIATION    

 

MMWS    
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Modified Mayo wrist score will be used for assessment, it is a physician rating scoring system which gives us a 

total score of 100; 25 for assessment of pain, 25 for the active extension/flexion Arc of wrist,25 for grip strength 

and 25 for the ability to return to regular activities, the pain is rated according to patient's description 
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ANNEXURE 3 : ETHICAL CLEARANCE 
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ANNEXURE 4 : PHOTOGRAPHS 

PATIENT 1 

 

 

   

 

EXCELLENT RESULT 
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PATIENT 2 

 

  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GOOD RESULT 
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PATIENT 3 
 

 

 

 
: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FAIR RESULT 
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ANNEXURE 5 :MASTER CHART 

 

 

       

 

 

 

 

 

 

 

 

 


