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ABSTRACT 

 

AIMS AND OBJECTIVE: To study the clinical outcome in non-operative as well as 

operative treatment of closed paediatric diaphyseal   forearm fractures.To study the 

radiological outcome in terms of restoration of the magnitude and the location of the 

radial bow in non-operative as well as operative treatment of closed paediatric 

diaphyseal forearm fractures by comparing with the contra-lateral normal forearm. 

TYPE OF STUDY: Prospective hospital-based study 

MATERIALS AND METHODS: This is a prospective study carried out at SDM 

College of Medical Science & Hospital, Dharwad during a two-year period among 

children between 3-16 years with closed fracture of the radius and ulna who were 

available for a minimum follow-up of one year after the surgery. Based on the level of 

fracture, fracture pattern, degree of comminution, the health of the soft tissue sleeve and 

criteria for acceptable reduction, patient was either treated by casting or by surgery. At 

final follow-up range of movements were assessed and results were graded as per Flynn 

and Price criteria. Radiological evaluation included assessment of the location and 

magnitude of the radial bow in comparison with the opposite side as described by Firl 

and Wunsch. Additionally, grip strength was evaluated with Shaehan’s dynamometer 

and compared with the opposite side as described by Mathiowetz, et al. 

RESULTS: 28 children who presented with diaphyseal forearm fractures were included 

in the study and were followed up for 1 year. Out of 28 children, 24 were boys and 4 

were girls. Based on AO/OTA classification, 22D-4.1 was the most common type 

accounting for three-fourth of cases. Out of 28 cases, 11 were managed conservatively 

with closed reduction and casting, 14 were treated with intramedullary elastic nailing 

and 3 were treated by open reduction with plates and screws. All fractures united 
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uneventfully by 12 weeks. 2 patients treated by cast application had refractures after 

cast removal. Functional outcome according to criteria of Price, et al. showed 20 

excellent, 5 good and 3 fair outcomes with no poor results. The location of maximal 

radial bow is 68.2% (Range :59%-85%) of the radial length concluding distal migration 

of the maximal radial bow by 7.7% (Range :0-27%) of radial length and also there was  

loss of radial bow magnitude on an average of 1.35mm (Range : 0-6.8mm) comparing 

to contralateral normal limb. Grip strength assessment revealed difference between 

normal and injured limb at an average of 12.30% (Range: 6.67% - 12.39%) at one year 

follow up. There was no difference in functional results, radial bow location and grip 

strength between the children treated conservatively versus the operated cases. 

CONCLUSION: Conservative treatment of paediatric forearm fractures with casting 

gives good results in vast majority of children but requires careful periodic monitoring 

for loss of reduction. Cases taken up for surgery should be carefully chosen so as to 

benefit from the dual surgeries of fixation and implant removal as compared to cast 

application. The long-term functional results appear to be the same for both 

conservative treatment and surgical treatment. 
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INTRODUCTION 

Fractures of the forearm are one of the most common injuries occurring in childhood 

accounting for 3.4% of all childhood fractures.1 Over the last two decades, the incidence of 

forearm fractures have increased due to changes in the physical activity patterns and higher 

risk-taking behaviour demonstrated by children.2 There is also an increase in the mean age of 

children suffering from forearm diaphyseal fractures which have secondarily increased the 

proportion of children requiring operative treatment.2 

The vast majority of diaphyseal forearm fractures are treated by non-operative methods with 

closed reduction and cast application being the preferred method for 90% of the cases.3 The 

remaining 10% which include irreducible, unstable and comminuted fractures need operative 

treatment.4 Out of the 90% that are initially treated with casts, a further 7% need secondary 

operative treatment for loss of reduction between 1-2 weeks into the treatment.5 The risk factors 

for redisplacement were children older than 10 years, proximal-third radius fractures and ulna 

angulation less than 15 degrees.6 

Non-operative treatment in children is believed to be greatly aided by the fact that children do 

have significant remodelling potential which more than makes up for the initial imperfect 

radiological union and the not-so-satisfactory clinical results.7 This remodelling potential is 

higher in children below 10 years, when the deformity is in the plane of the elbow and wrist 

motion and when the fracture is closer to the physis.8 In view of the higher risk for 

redisplacement after closed reduction and poor remodelling potential after 10 years of age, 

there is an increasing tendency to seek surgical methods of management to secure a stable 

reduction in older children and adults. 9 

The operative methods for paediatric diaphyseal forearm fractures are either by an 

intramedullary elastic nailing which is performed either closed or by a mini-open incision 

versus an open reduction and internal fixation with plates and screws.10, 11 Elastic nailing has 

the advantage of preservation of the periosteum, ease of removal and avoidance of a scar in the 

forearm. It is best reserved for displaced transverse or oblique fractures. The disadvantage is 

that it does not help in achieving length of the forearm in comminuted fractures 9, 10 Treatment 

with plates and screws have the advantage of precise anatomical reduction by reconstruction 

of the radial bow. Plating, however, will require stripping of the periosteum, a longer unsightly 

surgical scar on the forearm which is predominantly an exposed area, soft tissue contractures 

leading to stiffness and a higher chance of infections and refracture.12 Plating is preferred in 
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communited fractures where there is a risk of loss of length and in children presenting late with 

fractures showing early callus formation.9, 12 The studies that have tried to compare the efficacy 

of one method over the other for fresh fractures have shown a slight advantage for nailing over 

plating.9  

The final function outcome of forearm diaphyseal fractures, whether non-operative or operative 

treatment depends on the restoration of the location and magnitude of the radial bow which is 

needed for forearm supination and pronation.13, 14 Common activities of daily living (ADLs) 

require nearly 75 degrees of pronation and 90 degrees of supination.15 The needs for forearm 

motion in ADLs are only increasing with ever increasing computer and smartphone usage.  

Standard methods have been described to measure the magnitude and location of the radial 

bow.16 Depending on the age of the child some amount of remodelling and restoration of the 

radial bow can be expected in children which will translate into improvement in forearm 

rotations over a period of time. Having said that, restoring near-normal anatomical alignment 

and therefore achieving functional results should be the end goal in treatment of forearm 

diaphyseal fractures 
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AIM AND OBJECTIVES  

 

1. To study the spectrum of closed paediatric diaphyseal forearm fractures in our study 

population at different age in childhood and in both sex in terms of location of the 

fracture and fracture type as defined by AO. 

 

2. To study the clinical outcome in non-operative as well as operative treatment of 

closed paediatric diaphyseal   forearm fractures. 

 

3. To study the radiological outcome in terms of restoration of the magnitude and the 

location of the radial bow in non-operative as well as operative treatment of closed 

paediatric diaphyseal forearm fractures by comparing with the contra-lateral normal 

forearm. 

 

4. To study the complications of management of closed paediatric diaphyseal forearm 

fractures treated by non-operative as well as operative methods. 
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                                        REVIEW OF LITERATURE 

 

BONY ANATOMY OF THE FOREARM 

The forearm is a large non-synovial joint having almost 180 degrees arc of motion. Comprising of two 

bones, the radius and ulna which are held together at proximal end by annular ligament and the 

triangular fibro cartilage complex in the distal end with the interosseous membrane in between the 

two. Hence, this relationship makes these bones function as a two-bone complex. Any injury leading 

to displacement of one bone usually results in displacement of the other. 

The radius has expanded proximal end, shaft and a distal end. The shaft of radius is a three-sided 

structure with two prominent curvatures. The proximal end includes a head, neck and tuberosity. The 

head is discoid, its proximal surface a shallow cup for the humeral capitellum. Its smooth articular 

periphery contacts the ulnar radial notch. The neck is a constriction present just distal to the head. The 

shaft is triangular in cross section and widens towards its distal end. It also has a lateral convexity 

(approximately 10 degrees) and anterior concavity in its distal part. A second more acute curve of 

approximately 15 degrees with its apex medial occurs proximally near the bicipital tuberosity. The 

deviation along the midportion of radius is referred to as the radial bow. The radial bow is critically 

important in achieving forearm rotations where the radius makes a 1800 sweep around the ulna from 

supination to pronation.17 The interosseous border is sharp, except for two areas: proximally, near the 

tuberosity and distally just proximal to the ulnar notch. These two areas form the medial surface. The 

interosseous membrane is connected to the interosseous border. The distal end of the radius is the 

widest and is quadrangular in cross section. Radial styloid process is rough lateral surface projecting 

distally. The posterior surface displays a palpable dorsal tubercle, the Lister’s tubercle.18 
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Figure 1: Bone anatomy of radius and ulna 

In supinated forearm, ulna is medial to radius. The proximal end has the appearance of a hook while 

the distal end expands into a small rounded head and styloid process. The important bony landmarks 

of ulna are its styloid distally and coronoid process proximally. The three main passive restraints 

combining the radius and ulna include the proximal radio-ulnar joint (PRUJ), the distal radio-ulnar 

joint (DRUJ) and the interosseous membrane which have load transferring and stabilising functions. 

The above-mentioned structures also allow rotation of the radius about the ulna. The interosseous 

space is maximal around a near neutral position. 

 

 



                                                                                           
 

  Review of literature  

 
 

6 
 

MUSCLES OF THE FOREARM 

Radius and ulna have an unbalanced number of muscles attached to them. Pronators attach to its 

middle and distal thirds of forearm whereas supinator attach to the proximal third. 

Muscles of the volar compartment 

The anterior aspect of the forearm is formed by two muscle groups which includes the mobile wad of 

henry (brachioradialis, extensor carpi radialis longus and extensor carpi radialis brevis) supplied by 

the radial nerve, forming the lateral border of the supinated forearm and the flexor - pronator muscles, 

supplied by the median and ulnar nerves. 

The flexor muscles in the anterior compartment of forearm are arranged in three groups from 

superficial to deep. The superficial layer comprises four muscles arising from the common flexor 

origin on the medial humeral epicondyle and includes the pronator teres, the flexor carpi radialis, the 

palmaris longus and the flexor carpi ulnaris. 

The middle layer is formed by the flexor digitorum superficialis  

Deep layer consists of the supinator, the flexor digitorum profundus, the flexor pollicis longus and the 

pronator quadratus.18 
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Figure 2: Superficial volar muscles of forearm 
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MUSCLE ORIGIN INSERTION NERVE 

SUPPLY 

MAIN ACTION 

Pronator teres Humeral and an ulnar 

head 

Lateral surface of the 

middle third of the 

radius 

Median 

nerve 

Primary pronator of 

forearm 

Palmaris 

Longus 

 

Medial epicondyle of 

humerus 

Palmar aponeurosis Median 

nerve 

Flexor of wrist joint 

Flexor carpi 

radialis 

Medial epicondyle of 

humerus  

Bases of 2nd and 3rd 

metacarpal bones 

Median 

nerve 

Flexes and abducts 

hand at wrist joint 

Flexor 

Digitorum 

Superficialis 

 

 

Medial epicondyle of 

humerus,medial 

ligament of elbow, 

Medial border of 

coronoid process of 

ulna,fibrous arch 

connecting coronoid 

process with anterior 

oblique line of 

radius. 

 Volar aspect of 

middle phalanges of 

2nd -5th fingers 

Median 

nerve 

Flexes middle phalanx 

of fingers and assists in 

flexing proximal 

phalanx and wrist joint 

Flexor Carpi 

Ulnaris 

Humeral 

head 

 

Ulnar head 

 

 

Medial epicondyle of 

humerus 

Medial aspect of 

olecranon and 

posterior border of 

ulna 

Hamate and fifth 

metacarpal 

Ulnar nerve Flexes and adducts the 

hand at the wrist joint 

 

Table 1 :Superficial volar muscles of forearm 



                                                                                           
 

  Review of literature  

 
 

9 
 

MUSCLE ORIGIN INSERTION NERVE 

SUPPLY 

MAIN ACTION 

Flexor Pollicis 

Longus 

  

 Middle part of 

anterior surface of 

radius 

Distal phalanx of 

thumb 

 

Anterior 

interosseus 

nerve 

Flexes distal phalanx of 

thumb 

Flexor 

Digitorum 

Profundus 

  

 Proximal three 

fourths of anterior 

surface of ulna. 

 

Distal phalanges of 

fingers. 

 

Medial half 

by ulnar 

nerve and 

lateral half by 

anterior 

interosseus 

nerve 

Flexor of distal phalanges 

after FDS has flexed 

middle phalanges 

Pronator 

Quadratus 

 

 Lower fourth of 

anterior aspect of 

ulna. 

  

 

 Lower fourth of 

lateral aspect of radius 

Anterior 

interosseus 

nerve 

Superficial fibres: 

pronates forearm 

 

Deep fibres : binds lower 

ends of radius and ulna 

 

Table 2 : Deep volar muscles of forearm 

 

Figure 3: Deep volar muscles of forearm 
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Muscles of the dorsal compartment 

The Dorsal compartment contains the extensor muscles of the forearm, brachioradialis and supinator. 

The superficial posterior muscles include anconeus, brachioradialis, extensor carpi radialis longus, 

extensor carpi radialis brevis, extensor digitorum, extensor digiti minimi and extensor carpi ulnaris. 

The deep posterior group of muscles includes supinator, abductor pollicis longus, extensor pollicis 

brevis, extensor pollicis longus and extensor indicis.18 

Muscles forming the mobile wad arises from the lateral supracondylar ridge of the humerus 

(Brachioradialis  & Extensor carpi radialis longus) and rest all superficial muscles arises from the 

common extensor origin. All the seven superficial muscles cross the elbow joint in contrary to deep 

muscles which do not cross the elbow joint.19 
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                                      Figure 4: Dorsal muscles of forearm 
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MUSCLE ORIGIN INSERTION NERVE 

SUPPLY 

MAIN ACTION 

Brachioradialis Upper two-thirds of 

lateral supracondylar 

ridge of humerus.  

 

Styloid process of 

radius. 

Radial 

nerve 

Flexes forearm at 

elbow joint  

Rotates forearm to mid 

prone position from 

supine or prone 

Supinator: 

Superficial head 

 

 

 

 

 

Deep head:  

 

Two heads 

 From lateral 

epicondyle of 

humerus, lateral 

collateral ligament of 

elbow and supinator 

crest of ulna. 

From supinator crest 

and fossa ol ulna. 

  

 

 

Anterior aspect of 

radius. 

 

Deep 

branch of 

radial nerve 

 

Supination of forearm 

when elbow is 

extended 

Extensor carpi 

radialis longus 

Distal third of lateral 

supracondylar ridge 

of humerus, lateral 

intermuscular 

septum of arm.  

  

Base of second 

metacarpal 

Radial 

nerve 

Extends and abducts 

hand at wrist joint 

Extensor carpi 

radialis brevis 

 Common extensor 

origin on lateral 

epicondyle of 

humerus and radial 

 Base of third 

metacarpal 

Deep 

branch of 

radial nerve 

Extends and abducts 

hand at wrist joint 
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                                         Table 3 :Dorsal muscles of forearm 

 

collateral ligament of 

elbow 

Extensor pollicis 

longus. 

  

  

Posterior surface of 

middle third of ulna 

and its adjacent 

interosseous 

membrane. 

Distal phalanx of 

thumb 

Deep 

branch of 

radial nerve 

Extends distal phalanx 

of thumb 

Extensor pollicis 

brevis. 

. 

  

Posterior surface of 

radius and 

interosseous 

membrane 

Base of proximal 

phalanx of thumb 

Deep 

branch of 

radial nerve 

Extends distal phalanx 

of thumb 

Abductor pollicis 

longus 

 Posterior surface of 

ulna, adjacent 

interosseous 

membrane and 

middle third of 

posterior surface of 

radius 

Base of metacarpal of 

thumb. 

 

Deep 

branch of 

radial nerve 

Abducts and extends 

thumb 

Extensor  Indicis 

  

Posterior surface of 

ulnar shaft and 

interosseous 

membrane.  

 

Extensor apparatus of 

index finger via ulnar 

side of tendon of 

extensor digitorum 

that runs to index 

finger 

Deep 

branch of 

radial nerve 

Extends 

metacarpophalangeal 

joint of index finger 

Extensor digiti 

minimi. 

 

Common extensor 

origin on lateral 

epicondyle of 

humerus. 

Extensor apparatus of 

little finger 

Deep 

branch of 

radial nerve 

Extends 

metacarpophalangeal 

joint of little finger 



                                                                                           
 

  Review of literature  

 
 

14 
 

Extensor Retinaculum: 

The deep fascia on the back of the wrist is thickened to form the extensor retinaculum which holds the 

extensor tendons in place. It is an oblique band, directed downwards and medially. It is about 2 cm 

broad vertically. The extensor retinaculum sends down septa which are attached to the longitudinal 

ridges on the posterior surface of the lower end of  radius and the ulna. In this way, six osseo-fascial 

compartments are formed on the back of the wrist. The structures passing through each compartment, 

from lateral to the medial side, are listed in Table 4 and demonstrated in Fig 5.19 

 

COMPARTMENT TENDONS PASSING 

I Abductor pollicis longus  

Extensor pollicis brevis 

II Extensor carpi radialis longus  

Extensor carpi radialis brevis 

III Extensor pollicis longus 

IV Extensor digitorum  

Extensor indicis  

V Extensor digiti minimi 

VI Extensor carpi ulnaris 

 

Table 4: Extensor Compartments at the wrist 
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Figure 5: Transverse section passing just above the wrist showing structures passing through I to 

VI compartments deep to the extensor retinaculum 
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 ANATOMY OF INTEROSSEOUS MEMBRANE  

The interosseous membrane is a thin and strong membrane connecting the radius and ulna attaching 

to their interosseous borders. Its fibres run obliquely downward and medially providing attachment 

for the neighbouring muscles.  

Hotchkiss et al.20 showed that the central band of the interosseous membrane connects from a point 

near the junction of the proximal and middle thirds of the radius to a point near the junction of the 

middle and distal thirds of the ulna. This makes it a longitudinal stabilizer of the forearm. The 

interosseous ligament demonstrates tensile properties indicative of the magnitude of the arm forces to 

which it is subjected. Distortion of the anatomy of the interosseous membrane due to malunited 

fractures cause limitation of pronation and supination.17  

THE SUPERIOR AND INFERIOR RADIO-ULNAR JOINTS 

The rotation of the forearm takes place in the proximal radioulnar joint (PRUJ) as well as in the distal 

radioulnar joint (DRUJ). If one were to bring the PRUJ and DRUJ joints close together, a bicondylar 

articulation would be formed, thus these two joints could be looked upon as the ‘forearm joint’. The 

ulna is the stable part of the forearm around which the radius rotates.  

Due to the geometry of the bones, where the seat of the ulnar head is smaller than the corresponding 

arc of the sigmoid notch, there is a rotation and a translation in the DRUJ, while in the PRUJ a true 

rotation is taking place. In addition, there is some proximal pivoting of the radius in pronation. The 

axis of rotation runs through the centre of the radial head and through the foveal region of the ulnar 

head.21 

SUPINATION AND PRONATION 

Forearm rotations (supination and pronation) are highly specialized movements allowing for the palm 

to face upwards or downwards as needed and thereby allowing the individual to perform specific 

activities. Full range of supination and pronation is critical to achieve various day to day functions. As 

humans evolved, there has been a progressive development of specific forearm anatomy to allow for 

more and more forearm rotations.22 It is interesting to note that the hand can rotate in two ways – by 

rotations of the shoulder in a stretched hand and by rotation of the forearm in a flexed elbow. It is 
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obviously of great advantage to have the latter as it gives the individual a better control of the hand 

function when the elbow is flexed.23 

The factors determining the efficiency of forearm rotations are: 

1. Normal bony architecture of the radius and ulna, in particular, the radial bow.17   

2. The unique anatomy of the superior and inferior radio-ulnar joints.23 

3. The peculiarity of the structure of the interosseus membrane.20 
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     Figure 6: Pronation and supination  
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                                       Figure 7: Muscles of supination and pronation 
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 NERVES OF THE FOREARM 24 

The median nerve passes between the heads of pronator teres and continues in the midline along the 

length of forearm distally.The anterior interosseus nerve (branch of median nerve) and the anterior 

interosseus artery (branch of common interosseus artery, which in turn is a branch of ulnar artery) also 

run down the middle of the forearm, deeper to the median nerve. The ulnar nerve runs along with the 

ulnar artery on its lateral side runs distally along the ulnar side of forearm. The posterior interosseus 

nerve which is a pure motor branch of the radial nerve passes between the heads of supinator muscle, 

through the Arcade of Frohse, enter the extensor compartment of forearm and may come in direct 

contact with the periosteum around the neck of radius. The superficial radial nerve runs beneath the 

brachioradialis, accompanying the radial artery which lies medial to it in the distal half of forearm. 

Sensory supply of the volar and dorsal surface of the forearm 

The lateral cutaneous nerve of the forearm is the cutaneous division of the musculocutaneous nerve. 

It supplies the skin of the anterolateral surface of the forearm and connects with the posterior cutaneous 

nerve of the forearm and the terminal branch of the radial nerve by branches that pass around its radial 

border. The medial cutaneous nerve of the forearm, a branch of the medial cord of the brachial 

plexus divides into anterior and posterior branches before it enters the forearm. The larger anterior 

branch usually passes in front of the median cubital vein, and descends anteromedially in the forearm 

to supply the skin as far as the wrist. It curves round to the back of the forearm, descending on its 

medial border to the wrist, supplying the skin. It connects with the medial cutaneous nerve of the arm, 

the posterior cutaneous nerve of the forearm, and the dorsal branch of the ulnar nerve. 

The posterior cutaneous nerve of the forearm, a branch of the radial nerve passes along the dorsum 

of the forearm to the wrist. It supplies the central forearm skin along the dorsal forearm and near its 

end joins the dorsal branches of the lateral cutaneous nerve of the forearm. 
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  Figure 8: Nerves of anterior forearm 
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                                                             Figure 9: Posterior interosseous nerve 

 

BLOOD VESSELS OF THE FOREARM  

Radial artery 

Starts as smaller branch of brachial artery, lies on the lateral side of forearm, then in the anatomical 

snuff- box to reach the palm, where it continues as deep palmar branch. Radial artery throughout its 

course supplies branches to Muscles of lateral side of forearm including the overlying skin and also 

gives a branch for completion of superficial palmar arch.  

Ulnar artery 

Originates as the larger terminal branch of brachial artery at neck of radius and they first pass obliquely 

in upper one-third and then vertically in lower two-thirds of forearm. Lies superficial to flexor 

retinaculum ends by dividing into superficial and deep branches. Through its course radial artery gives 
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branches to take part in the anastomoses around elbow joint and also their Branches supply muscles 

of front of the forearm, back of forearm and nutrient arteries to forearm bones. 

Common interosseous artery is large branch of ulnar artery supplies all the muscles of forearm. 

Anterior interosseous artery is the branch of common interosseous artery, runs on interosseous 

membrane and Supplies both the bones of forearm and muscles attached to these bones. Posterior 

interosseous artery is branch of common interosseous artery reaches back of forearm and Supplies 

muscles of back of forearm and also take part in anastomoses around elbow joint 

                                                                     

 

Figure 10: Arteries of upper limb 
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 MECHANISM OF INJURY TO THE FOREARM 

Fracture of forearm bones usually occur as a result of a fall on an outstretched hand and the force being 

transmitted to the forearm bones.  Biomechanical studies have suggested that the junction of the middle 

and distal thirds of the radius and a substantial portion of the shaft of the ulna have an increased 

vulnerability to fracture.25 Often,  significant rotational component is associated with the fall,   causing 

the radius and ulna to fracture at different levels.26 If the radial and ulna fractures are near the same 

level, it indicates a minimal torsional component. If comminution is present, higher-energy trauma 

should be suspected.27Significant hyperpronation forces are associated with isolated shaft fractures of 

either the radius or the ulna and concomitant dislocation of either the distal (DRUJ) or the proximal 

radioulnar joint (PRUJ). Thus, in any single-bone forearm shaft fracture, these important joints need 

to be closely scrutinized. These injuries can result in concomitant dislocation of either the proximal or 

distal radioulnar joint when they are associated with a significant torsional component .But, direct 

blow to the forearm can result in a fracture without dislocation of either PRUJ or DRUJ.27 Diaphyseal 

fractures of forearm bones can also occur from direct blows during a fall from height, in a road traffic 

accident or while participating in sports.28   

            

Figure 11: Level of radius and ulna fracture with position of the forearm at the time of injury 

 

 

              



                                                                                           
 

  Review of literature  

 
 

25 
 

      BIOMECHANICS OF FOREARM SHAFT  FRACTURES IN CHILDREN 

Bone is more resistant to axial forces than to bending and rotational forces. Pediatric bone is much 

more porous than its adult counterpart and behaves somewhat differently from a biomechanical 

standpoint.29 Paediatric bone can absorb higher energy before failure as compared to adult bones 

because of its porosity.30 Talking in relativity to time, the force when applied slowly on forearm bones 

initially bends the bone till its elastic limit and when this force is inadequate to fully fracture the bones, 

it may result in traumatic bowing i.e. plastic deformation.31 When the quantity of force applied is 

increased, it can cause a greenstick fracture which lies between plastic deformation and complete 

fractures and is seen on radiographs as a break in one, two or three cortices with preservation of some 

bony continuity. 32 The bone behaves differently based on the direction of the forces applied to it. This 

is the so-called anisotropic property of bone, 

Hyperpronation  injuries usually are associated with apex-dorsal greenstick fractures of the forearm, 

and hypersupination  injuries usually are associated with the opposite, apex-volar injuries.33 

  

 

Figure 12: Impact of varying degree of force on the paediatric skeleton 
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In addition to problems which are common to all fractures of the shafts of long bones, 

diaphyseal fractures of the radius and ulna present specific problems. In addition to regaining 

length,axial alignment and  apposition,achieving normal rotational alignment is necessary for 

restorsation of a good range of pronation and supination  

The movements of pronation and supination of the forearm involves rotatory movement around 

a vertical axis at the proximal and distal radio ulnar joints. This axis of rotatory movement 

passes through the head of radius above and the attachment of apex of the triangular articular 

disc below. During pronation, the whole radius moves around the ulna through the longitudinal 

axis of forearm. 

The supination is performed by biceps brachii and supinator and pronation is performed by 

pronator teres and pronator quadratus. Supination is the powerful of the two movements, 

because of  of biceps muscle strength. Thus,maintanance of the interosseous space is essential 

for pronation and supination. 

The biceps and the supinator exert rotational forces on proximal third of radius fractures. 

Distally, pronator quadratus on the distal fourth of shaft of radius and  pronator teres at the 

level of mid shaft exert both rotational and angular forces.  

Fractures of distal radius mostly tend to angulate towards the ulna by the action of the pronator 

quadratus and the long forearm muscle pull.Radio ulnar movement will be limited by rotational 

deformity 

The supinator muscles are proximally inserted and the pronators distally. Consequently, in a 

fracture of mid shaft of radius the distal fragment pronates and proximal fragment supinates, 

resulting in 90° of rotational displacement. Shortening of the two bones following over riding  

also may occur. Due to  the presence of comminution,both angular and rotational deformities 

will be compounded. Hence, in addition to regaining length, axial alignment ,bony apposition 

and achieving normal rotational alignment is necessary, for a good range of pronation and 

supination have to be restored. 
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MECHANISM OF DEFORMING FORCES 

The muscle forces acting in the paediatric forearm tend to displace the   fracture fragments. 

These include: 

➢ The biceps and supinator inserting in the proximal third which  tend to supinate the 

proximal forearm fragment 

➢ The pronator teres inserting in the middle third which pronates the proximal fracture 

fragment  

➢ The pronator quadratus inserting in the distal third which also tends to pronate the distal 

fragment. 

➢  

Figure 13: Deforming forces in diaphyseal forearm fractures 
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ANATOMICAL CLASSIFICATION OF DIAPHYSEAL FOREARM FRACTURES 34 

Depending on the location of forearm fractures, they are anatomically classified as: 

• Proximal third fractures (Biceps and supinator territory) 

• Middle third fractures (Pronator teres territory) 

• Distal third fractures (Pronator quadratus territory) 

 

                 Figure 14: Anatomical classification of diaphyseal forearm fractures 
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AO CLASSIFICATION OF PAEDIATRIC DIAPHYSIAL FOREARM FRACTURES 35 

 

                       

 

                               Figure 15: AO classification of forearm fractures 
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PECULIARITY OF PAEDIATRIC SKELETON  

The main peculiarity of paediatric bone is that it has the ability to remodel and correct 

deformities spontaneously following a fracture due to its growth potential 36,37. This potential 

is due to the presence of epiphyseal plates 38. Furthermore, the immature skeleton has thicker 

periosteum and a faster healing time. Several studies have found a high rate of re-angulation 

following closed reduction of diaphyseal fractures that have undergone successful remodelling. 

39. The cosmetic appearance of the forearm is determined by the quality of ulna reduction, 

whereas forearm rotation is determined by the alignment of the radius. 40 With this regard, the 

age, fracture level and magnitude of angulation determine the level to which remodelling takes 

place. 41 

Hughston44 stated that a fracture adjacent to the metaphysis can remodel by up to 30-40 degrees 

in a child under the age of ten. However, spontaneous correction of angular deformity in older 

children, aged 12-14 years, can be highly unpredictable. It was reported by Fuller that it is 

difficult to anticipate spontaneous correction of deformities in children aged 11years or more 

.42 As a result, it is possible to conclude that fracture remodelling is heavily influenced by the 

remaining growth potential in the epiphyseal plate. The ability of growing bone to remodel 

decreases as epiphyseal plate activity declines after the age of ten.41 Distal radial fractures can 

remodel quicker and better than diaphyseal fractures.43 Furthermore, diaphyseal fractures of 

the proximal forearm have a limited remodelling capacity. This is due to the available growth 

capacity, which is highest in the distal forearm and lowest in the proximal forearm. Fractures 

with angulations in the plane of movement of the limb have a higher remodelling capacity.44 

Price published the limits of angulation and malrotation to be between 15 and 45 degrees in 

children under the age of 9 and between 10 and 30 degrees in children over the age of 9.45 

Evans and Rang asserted that rotational misalignment is always associated with angulation. 

Because of the various permutations and combinations of the pulls exerted in diaphyseal 

fractures of both bones forearm by supinator, pronator teres, and pronator quadratus, 

determining rotational malalignment becomes unpredictable.32 It has been demonstrated that, 

contrary to popular belief, rotational malalignment does not correct itself over time.46 

Furthermore, forearm malrotation restricts movement and lowers the child's quality of 

life.47Abduction and internal rotation of the shoulder compensate for the forearm's limited 

pronation.46 However, the loss in supination cannot be compensated to the same degree by 

adduction and internal rotation of the shoulder. As a result, it is critical to achieve not only 
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angular reduction but also rotational alignment of the forearm bones in mid-diaphyseal 

fractures. 

TREATMENT MODALITIES OF PAEDIATRIC DIAPHYSEAL 

FRACTURES 

CONSERVATIVE MANAGEMENT 

Most pediatric radial and ulnar shaft fractures can be treated by nonoperative methods.34 Low-

energy, undisplaced, and minimally displaced forearm fractures can be immediately 

immobilized in a properly molded (three-point mold concept of Charnley) above-elbow cast. 

If posttraumatic tissue swelling is a concern, noncircumferential splint immobilization like 

sugar-tong splint can be used initially.64,325,361. Appropriate follow-up is important with an 

initial follow-up radiograph to be taken 7 to 14 days after injury as there is a high possibility 

of redisplacement. The principles of good forearm casting technique includes Interosseous 

molding, Supracondylar above-elbow moulding, Appropriate padding, Evenly distributed cast 

material, Straight ulnar border and three-point moulding  

                                   

                                     Figure 16: Interosseous moulding technique  
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Chess et al.49 described a cast index for distal radial fractures defined as the sagittal cast width 

divided by the coronal cast width at the level of the fracture site; a normal ratio is considered 

to be 0.70.  

Because of the strong supination pull of the biceps, aided by the supinator, complete proximal 

radial fractures may be best immobilized in supination so that the distal forearm rotation 

matches that of the proximal forearm. The position of immobilization of fractures in the middle 

third of the forearm commonly is dictated by whether the radial fracture occurs distal or 

proximal to the insertion of the pronator teres. Fractures proximal to its insertion are best treated 

by fully supinating the distal fragment, whereas those distal to its insertion are probably best 

treated in a neutral position. Fractures at different levels in the midshaft that require pronation 

or supination as part of the reduction maneuver should be immobilized in the position of 

reduction. 

Indications for Conservative treatment 

• Closed fractures 

• Skeletally immature, displaced and nondisplaced fractures reducible by closed means 

• Translation with shortening upto 1cm 

Contra-indications for Conservative treatment 

• Open fractures 

• Displaced fractures in children with advanced skeletal maturity 

• Inability to achieve reduction within accepted parameters 

• Inability to maintain reduction within accepted parameters 

• Shortening more than 1cm. 

• Tense swelling/impending compartment syndrome 

 

 



Review of literature  

 
 

33 

 

ACCEPTABLE LIMITS OF ANGULATION 

The acceptable limits of angulation for acceptable closed reduction are 20 degrees of angulation 

in distal-third shaft fractures of the radius and ulna, 15 degrees at the midshaft level and 10 

degrees in the proximal third (for girls less than 8 years old and boys less than 10 years old).360 

(Rockwood) Even 100% translation is accepted if shortening is less than 1 cm.  

Children approaching skeletal maturity (less than 2 years of remaining growth) should be 

treated using adult criteria because of their reduced remodeling potential. 

Parents should be cautioned that even mild angulation of the ulna, especially posterior sag, will 

produce an obvious deformity after cast removal because of the subcutaneous location of the 

bone. This aesthetic deformity is exacerbated by abundant callus formation, but it will 

ultimately remodel if it falls within acceptable angulation criteria.  

Once the fracture shows good callus formation, the cast can be removed. Because shaft 

fractures of the radius and ulna in children have a significant rate of refracture.51 they should 

be splinted for an additional period of time.52 Parents should be warned that forearm shaft 

fractures have the highest risk of the risk of refracture, which can occur even 6 to 12 months 

after the original injury. 

SURGICAL MANAGEMENT 

Indications for Surgical treatment 

• High risk fracture patterns in older children 

• Acceptable alignment not attained via casting (using age-adjusted criteria)  

• Shortening of the forearm more than 1 cm 

• Open fractures with significant instability 

• Status post compartment releases to facilitate wound care 

Surgical treatment options 

• Closed or Open reduction with Elastic Nailing 

• Open reduction and plating 
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Though plate osteosynthesis can provide better reduction and rigid internal fixation, the 

extensive periosteal stripping can result in delayed union in few cases.58 Also, there has been 

increased complications during plate removal.57 

The use of intramedullary devices for internal fixation can be dated back to late 1940s in the 

reports of Knight and Purvis.56 However, they led to poor results due to inadequate stability. 

Later, Charnley’s principle of three-point fixation used for maintaining reduction of fractures 

by cast immobilisation was modified by Rush brothers for internal fixation by the use of a 

straight rod in a curved bone to achieve stability. 

Jean Prevot and Paul Metaizeau were the pioneers in the use of elastic stable intramedullary 

nailing (ESIN) of paediatric both bone forearm fractures at the Children’s Hospital, Nancy; 

France. The landmark article was published by Metaizeau in 1986 where he reported 85 cases 

of paediatric forearm shaft fractures fixed with prebent flexible titanium nails.32 

The interosseus membrane was recreated and fracture fragments stabilised by the inherent 

property of elasticity of the titanium nails and reduction maintained using dynamic three-point 

fixation principle. This hailed the arrival of an effective and minimally invasive technique of 

internal fixation. Thereafter, various publications by several authors have established positive 

outcomes with the use of titanium elastic nailing in paediatric forearm fractures.59 

The titanium nail is unparalleled in its ability to stabilise the fractured bone without disturbing 

the fracture biology and at the same time recreating the normal anatomical bowing of forearm 

bones. Further, there is minimal to no complication associated with nail exit as compared to 

plate osteosynthesis.60 It is to be emphasized here that the fewer complications with ESIN does 

not allow the surgeon to bypass the techniques and principles to be followed.57 

The use of titanium nails as opposed to long pre-bent Kirschner wires (stainless steel) can be 

explained by their biomechanical properties. The higher elastic modulus of steel conferring its 

rigidity can cause stress shielding and osteolysis of surrounding bone with increased risk of 

refracture after implant removal. K-wires have greater anteroposterior and torsional stiffness 

and hence require greater force for failure. They also have a higher cut out rate and can fail at 

smaller displacements while the elastic titanium nails can recoil. 

Compared to closed treatment methods, healing is slower after open reduction and internal 

fixation.53 no matter what type of implant is used.54 
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Preoperative planning is essential regardless of which surgical technique is chosen. Assessment 

of the fracture, including rotation and the presence or absence of comminution, is important. 

Bone–plate mismatch (because of narrow bones and wide plates) and extensive soft tissue 

dissection are risks when adult-sized plates are applied to paediatric bones 

Before intramedullary nailing of fractures, the forearm intramedullary canal diameter should 

be measured, especially at the narrowest canal dimension. Typically this is the central portion 

of the radius and the distal portion of the ulna near the junction of its middle and distal thirds. 

Very Precise canal measurement are usually difficult and the consequences of a nail or pin that 

is too large are probably worse than those of a nail or pin that is too small.55 Modern digital 

radiography systems have made these measurements easier. 

                ADVANTAGES AND DISADVANTAGES OF IM NAILING & PLATING.11,12 

 DISADVANTAGES 

IM NAILING Does not help in achieving length of the forearm in comminuted 

fractures 

PLATING • Stripping of the periosteum 

• Longer unsightly surgical scar on the forearm 

• Soft tissue contractures leading to stiffness  

• Higher chance of infections refracture 

 

                         Table 5 :Advantages and disadvantages of surgical modality 
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MATERIALS AND METHODS 

 

STUDY DESIGN: Prospective hospital based 

STUDY TYPE: Human based 

INCLUSION CRITERIA 

• Children between 3-16 years with closed fracture of the radius and ulna of AO Type 

22-D2.1, 22-D4.1,22-D4.2, 22-D5.1 and D5.218 available for a minimum follow-up of 

one year after the surgery 

EXCLUSION CRITERIA 

• Single bone fracture of the radius or ulna 

• Plastic deformation of the radius and ulna 

• Monteggia fracture 

• Galeazzi Fracture 

• Bilateral forearm fractures on presentation 

• Previously treated forearm fracture in either limb 

• Pathological Fractures 

• Open Fractures 

• Birth injuries 

• Fractures of the humerus/ metacarpals/ carpus and phalanges of the same limb 
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METHODOLOGY 

Initial evaluation of the patient with closed paediatric diaphyseal forearm fracture will involve 

a detailed history regarding the time of injury, mode of injury and history of previous long bone 

fractures and the presence of co-morbidities, if any. Additional history of recurrent long bone 

fractures in other siblings and in the parents during childhood is also sought. 

Clinical examination would involve assessment of the level of fracture, the degree of 

comminution, fracture pattern, the health of the soft tissue sleeve, vascular deficits, 

neurological deficits and evidence of impending compartment syndrome.  

Patients will then be made comfortable with a radio-lucent malleable above-elbow splint. 

Radiographic evaluation is by an X-Ray of the full length of the forearm with the wrist and 

elbow joint in both antero-posterior and lateral views. The fracture will then be classified 

according to AO/OTA classification of Paediatric forearm Diaphyseal fractures.35 The parents 

will then be counselled about the nature of the injury, the mode of primary treatment (whether 

non-operative or operative), the cost of treatment, the follow-up/rehabilitation protocol after 

which an informed written consent will be taken. The child’s forearm will be splinted with a 

well-padded above-elbow POP slab and the child would be admitted for observation for any 

emerging compartment syndrome with limb elevation, antibiotics and anti-oedema measures 

with emphasis on active finger movements. 

Between day 3 and 7, the splint would be removed to observe the status of the soft tissue. If 

the swelling has reduced since admission, and if the fracture is undisplaced or minimally 

displaced, a well-padded and well moulded above-elbow cast is applied taking care to achieve 

three point moulding and interosseus space by having a cast index of 0.7 or less. If the fracture 

is displaced with shortening of less than 1cm, an attempt at closed reduction is made under 

anaesthesia. If the reduction is satisfactory and bone contact is well maintained, an above-

elbow cast is applied as described above.  

Acceptable reduction is defined as 

• < 200 Angulation in the distal third 

• <150 Angulation in the middle third  
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• <100 Angulation in the proximal third of the shafts of either or both radius and  ulna 

in children <10 years 

• < 100 Angulation at any level of either radius and ulna in children: above 10 years 

• Shortening upto 1cm is acceptable 

 No malrotation is accepted in the reduction of forearm fractures 

                

           Figure 17: Closed reduction taking special care to maintain the interosseous space  
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                     Figure 18: Closed reduction and well-padded cast application 

The children treated by casting will be observed for 48 hours for active finger movements and 

emergence of any signs of compartment syndrome. Children are discharged after 48 hours with 

advise to maintain limb elevation, continue finger movements and instructions on plaster care. 

They are instructed to review in the OPD between day 10-14 to check for any loss of reduction 

of the fracture. Loss of reduction is treated by reapplication of the cast or by surgical methods 

as described below. 

If the reduction is satisfactory but unstable, like in a transverse or oblique fracture of the radius 

and ulna, then closed reduction and elastic nailing is performed by the standard method. Radial 

nail is passed retrograde from a starting point proximal to the Lister’s tubercle between the 

second and third extensor compartment.  

                             

Figure 17: Radial entry point taken on the dorsal surface of radius just proximal to the                  

listers tubercle (arrow) between the 2nd and 3rd dorsal compartments 
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                               Figure18: Radial nail passed from distal to proximal 

Ulnar nail is passed antegrade from distal to the olecranon ephiphysis on the postero-lateral 

surface of the ulna  

                  

Figure 19: Ulna entry point taken distal to olecranon tip and ulna nail passed from 

proximal to distal 
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Nails are cut and buried under the skin. Post-operatively, the limb is splinted with an above-

elbow slab.  

If both the radius and ulna fractures are comminuted resulting in shortening of more than 1cm 

or if the child has presented three weeks after the injury, then open reduction and rigid internal 

fixation of the fracture is performed by a 2.5mm or 3.5mm dynamic compression plate (DCP) 

or one-third tubular plate with a minimum of three cortical screws on either side of the fracture 

to achieve a stable reduction and length of the forearm.         

        

                  

Figure 20: Open reduction and internal fixation of radius through the volar henry 

approach 
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Figure 21: Open reduction and internal fixation of ulna through the plane between Flexor 

carpi ulnaris and extensor carpi ulnaris 

Post-operatively, the limb is splinted with an above-elbow slab. Antibiotic prophylaxis with 

Cefuroxime would be started half an hour before surgery and continued for 72 hours. Wound 

is inspected at 72 hours and the child is discharged with instructions on slab care and finger 

mobilization to follow-up in OPD at 2 weeks for suture removal. Children treated by nails or 

plates are immobilized with an above-elbow slab for four weeks after which the slab is removed 

and the forearm gently mobilized as tolerated. 
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Patients will be followed up with serial clinical examination and X-rays at 6 weeks, 12 weeks 

and 12 months to assess the progress of fracture healing and to detect any complication.  

At 6 weeks follow-up, depending on the radiological findings, the cast will be removed and the 

child mobilized. Only active or active-assisted mobilization is performed. Bridging of  the  

fracture  site  at  three cortices by callus or cortical continuity with  obliteration  of  the  fracture  

line  will be  defined  as  radiographic union.4 If the healing is not satisfactory, the child will 

be protected with a forearm splint for a further period of four weeks. The parents are counselled 

about the high risk of refractures in forearm fractures even after apparent healing of X-ray films 

and therefore children are advised not to lift weights, heavy school bags and indulge in contact 

sports.   

At 12 weeks, a clinical assessment of the range of motion of the forearm, wrist and elbow is 

made along with a radiological assessment of union. At this stage, child is allowed to lift 

weights and school bags. The parents however, are warned about the risk of refractures upto 

one year and therefore are advised to approach contact sports with caution. Parents are also 

advised that using a removable splint made of thermoplastic material during games 

significantly reduces the risk of refractures. 

At final follow-up will be made at 12 months at which time a thorough clinical and radiological 

examination will be conducted to assess the final outcome. The findings of the injured upper 

limb are compared to the normal opposite side and the results are graded as excellent, good, 

fair and poor as per the criteria of Flynn19 and Price.20 This criteria broadly divides results into 

satisfactory and unsatisfactory outcomes based on loss of forearm rotations ,flexion and 

extension. Satisfactory outcomes are further graded as Excellent, Good and Fair while 

unsatisfactory outcome was graded as poor result. 

                  

Table 6: Grading of results according to price and Flynn et al criteria 
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Radiological assessment will include the assessment of the location and magnitude of the radial 

bow in comparison with the opposite side as described by Firl and Wunsch.16 

  

Figure 22: Modified method of Schemitsch and Richards showing radial bow 

measurement(Firl and Wunsch) 

         

Figure 23: Measurements performed on an AP forearm Xray 

 

Xray taken in True AP -Bicipital tuberosity to face medially and radial styloid to face laterally 

On an AP radiograph of the forearm, the length of the radius (y), location of maximum radial 

bow and maximal distance of the radius from maximal radial bow is measured. The distance 

(y) is measured from distal radioulnar joint to the bicipital tuberosity. If any children had 

incomplete ossification the distal radial epiphysis was used as the reference point 

At the point of maximum radial bow, a perpendicular line (r) is drawn to (y) and that distance 

is maximum radial bow. To determine the site of maximum radial bow, the distance from the 
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bicipital tuberosity to the point of maximum bow is divided by the length of the entire bow 

expressing in percentage (x/y x 100). 

 Maximum radial bow magnitude (r) was also reported as a percentage of the radial length (y) 

calculating r/y x 100 

Maximal radial bow location is 60% of the radial length with a range between 56% and 64 %  

Maximal radial bow magnitude is 7.24 % with a range between 6 % and 8.5 % 

Additionally other radiographic findings like malunion, non-union, radiological signs of 

infection, radiological signs of implant failure and radio-ulnar synostosis were looked for and 

documented.  

Clinical assessment of both the upper limb will include range of motion of the forearm, wrist 

and elbow along with grip strength assessment with Saehan’s dynamometer as per the norms 

described by Mathiowetz and associates.17  

Radiological assessment will also include the status of union, implant status (if any) and any 

complications like non-union, mal-union, delayed union, implant complications or signs of 

infection. Non-union is defined as no evidence of fracture union six months after the injury and 

delayed union is defined as fracture union after four months.21 

 

 

Figure 24: Shaehans dynamometer for grip strength assessment 
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Grip strength is measured using shaehans dynamometer which is performed in three stages. In 

each stage three attempts are given with a gap of 2 minutes between each attempt. The same is 

repeated on the unaffected side for comparision. 

                   

                         Figure 25: Instrumentation for TENS nailing for forearm 

        

                             Figure 26: Titanium Elastic Nail of various sizes 
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Figure 27: Instrumentation for forearm plating. Image showing 3.5mm locking 

compression plate, Recon plate and one-third semi-tubular plate 
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                                                        RESULTS 

The present two-year prospective study was conducted during the period between December 

2020 and December 2022. During this period 28 patients satisfying the inclusion criteria were 

recruited into the study and their results were analyzed.         

                                         AGE DISTRIBUTION 

The age distribution of our patients ranged from 3 years to 16 years with an average age of 

11.12 years. 

AGE IN YEARS NUMBER OF PATIENTS PERCENTAGE 

<10 years 10 36 

>10 years 18 64 

                                                   Table 7:  Age distribution 

 

Chart 1:   Age distribution 
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SEX DISTRIBUTION 

Out of the 28 patients in our study there were 24 male patients and 4 female patients. 

SEX NUMBER OF PATIENTS PERCENTAGE 

MALE 24 81 

FEMALE                         4 19 

 

Table 8: Sex distribution 

 

   

 

Chart 2: Sex distribution 
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SIDE OF INJURY 

Out of the 28 patients in our study, 19 patients had left diaphyseal forearm fracture and 9 had 

right diaphyseal forearm fracture. 

 

SIDE OF INJURY NUMBER OF PATIENTS PERCENTAGE 

Right 9 32 

Left 19 68 

 

Table 9: Side of injury 

 

 

                                                        Chart 3: Side of injury 

                                              

 

 

31%

69%

SIDE OF INJURY

RIGHT

LEFT



                                                                                                                                                     Results  

51 
 

AO TYPE 

Out of the 28 patients in our study, one patient had an AO/OTA type 22D-2.1 fracture, 15 had 

AO/OTA 22D-4.1 type fractures, 11 patients had AO/OTA Type 22D-5.1 fractures and 1 

patient had AO/OTA type 22D-5.2 fractures. 

AO/OTA TYPE NUMBER OF PATIENTS PERCENTAGE 

22D-2.1 1 3.5 

22D-4.1 15 54 

22D-5.1 11 39 

22D-5.2 1 3.5 

                                          

Table 10: AO/OTA type 

           

 

Chart 4: AO/OTA type 
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MECHANISM OF INJURY 

Out of the 28 patients in our study, 17 patients sustained the injury due to fall while playing, 

6 patients had RTA, 2 patients due to fall from height and 3 children due to miscellaneous 

cause.   

MECHANISM NUMBER OF 

PATIENTS 

PERCENTAGE 

FALL WHILE PLAYING 17 61 

RTA 6 21 

FALL FROM HEIGHT 2 7 

MISCELLANEOUS 3 11 

                                         Table 11: Mechanism of injury 

            

  

                                                       Chart 5: Mechanism of injury   
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TIME TO PRESENTATION 

We noticed majority of the patients in our study (26 patients) presented within 1 week, one 

patient presented in the 2nd week and one patient presented during the 3rd week after injury 

 

 

Table 12: Time to presentation 

 

 

Chart 6: Time to presentation 

 

 

26

1 1

93

3.5 3.5

0

10

20

30

40

50

60

70

80

90

100

<1 WEEK > 1 WEEK > 2 WEEK

TIME TO PRESENTATION

NUMBER OF PATIENTS PERCENTAGE

TIME TO PRESENTATION NO. OF PATIENTS PERCENTAGE 

<1 WEEK 26 93 

>1 WEEK 1 3.5 

>2 WEEK 1 3.5 



                                                                                                                                                     Results  

54 
 

MODE OF TREATMENT: CONSERVATIVE V/S OPERATIVE 

Of the 28 patients, 11 were managed conservatively with above elbow cast while 17 patients 

were managed surgically. The average age of the conservatively managed children was 10 

years (Range:7-15 years) while the average age of the surgically managed children was 12 

years (Range: 8-16 years)  

MODE OF TREATMENT NUMBER OF 

PATIENTS 

PERCENTAGE 

CONSERVATIVE 11 39 

OPERATIVE 17 61 

                                                Table 13: Mode of treatment 
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CHOICE OF SURGICAL METHOD 

Out of 17 patients who underwent surgical fixation ,14 children were fixed with Elastic 

nailing of both radius and ulna while 3 patients underwent plating of radius and ulna. The 

average age of the children treated by Elastic nailing was 12 years (Range:8-15 years) while 

the average age of the children treated by plates and screws was 13 years (Range: 9-16 years)  

Surgery Modality No of Patient Percentage 

ELASTIC NAILING 14 82 

PLATES AND SCREWS 3 18 

Table 14: Choice of surgery 

 

         

 

Chart 8: Choice of surgery 
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FRACTURE UNION 

In all cases in our study, the fracture united between 6 weeks and 12 weeks. None of the 

patients developed delayed union or non-union. 

 

Two patients who were managed conservatively with above elbow cast application, presented 

with refracture after removal of cast at 6 weeks. The first child presented with a refracture 

after a fall two weeks after cast removal (8th week). The second child presented with a 

refracture after a fall four weeks after cast removal (10th week).  
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FUNCTIONAL OUTCOME 

The functional outcome according to Price et al criteria showed excellent results in 20 

patients (71%), good results in 5 patients (18%) and fair results in 3 patients (11%). 

None of our patients had a poor result which suggested unsatisfactory outcome. 

FUNCTIONAL OUTCOME 

(Price Criteria) 

NUMBER OF PATIENTS PERCENTAGE 

Excellent 20 71.42 

Good 5 17.85 

Fair 3 10.71 

Poor 0 0 

Table 15: Functional outcome 

 

 

Chart 9: Functional outcome. 
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FUNCTIONAL OUTCOME IN NON-OPERATIVE CASES 

The functional outcome of 11 non operatively managed patients according to Price et al 

criteria showed excellent results in 6 patients (54.54), good results in 4 patients (36 %) and 

fair results in 1 patient (9 %). 

FUNCTIONAL OUTCOME 

(Price Criteria) 

NUMBER OF PATIENTS PERCENTAGE 

Excellent 6 54.54 

Good 4 36 

Fair 1 9 

Poor 0 nil 

Table 16: Functional outcome in non-operative cases 

Chart 10: Functional outcome in non-operative cases 
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FUNCTIONAL OUTCOME IN OPERATIVE CASES 

The functional outcome among 17 operatively managed children according to Price et al 

criteria showed excellent results in 14 patients (82%), good results in 1 patient (6%) and fair 

results in 2 patients (12%). 

FUNCTIONAL OUTCOME 

(Price Criteria) 

NUMBER OF PATIENTS PERCENTAGE 

Excellent 14 82 

Good 1 6 

Fair 2 12 

Poor 0 nil 

                                    Table 17: Functional outcome in operative cases 

          

        

                                      Chart 11: Functional outcome in operative cases                            
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                  QUANTIFYING THE RADIAL BOW LOCATION 

The location of the maximal radial bow was found to be shifted distally in all patients at 1 year 

follow up. This was confirmed by comparing with the contralateral normal side. 

In the injured limb of the 28 patients the maximal radial bow was located at an average of 

68.2% (Range :59%-85%) of the radial length measured from proximal to distal. On the normal 

side the radial bow was located at an average of 60.5% (Range:50%-72%) of the radial length. 

Hence it was concluded that on an average, there was distal migration of the maximal radial 

bow by 7.7% (Range :0-27%) of radial length. It was interesting to note that 5 out of the 28 

patients had less than 1 % distal migration thereby indicating perfect restoration of normal 

anatomy. 

                     

                    

Figure 28: Comparison of the radial bow location and magnitude with contralateral 

normal forearm 
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                   QUANTIFYING THE RADIAL BOW MAGNITUDE 

The magnitude of the radial bow was found to be reduced in all patients at 1 year follow up. 

This was confirmed by comparing with the contralateral normal side.  

In the injured limb of the 28 patients the average radial bow magnitude was found to be 9.31mm 

(Range: 2.9mm-14.5mm). On the normal side the average radial bow was found to be 11.6mm 

(Range :7.5mm-11.66mm). Hence it was concluded that on an average, there was a loss of 

radial bow magnitude on an average of 1.35mm (Range : 0-6.8mm) It was interesting to note 

that 5 out of the 28 patients had less than 1mm loss of radial bow thereby indicating perfect 

restoration of normal anatomy.  

In terms of the ratio between radial bow magnitude and the radial length as described by Firl 

and Wunsch it was noted that on an average, the ratio was 5.37 (Range: 2.1-7.9) on the injured 

side as compared to 6.69 (Range: 4.6-8.07) on the normal side. This further confirms the loss 

of radial bow on the injured limb as compared to the opposite side. This method of 

measurement removes the inherent bias created by the length of the radius (short child v/s tall 

child)   

GRIP STRENGTH MEASUREMENT 

In our study, all 28 children managed either conservatively or surgically, during final follow 

up we found that there was reduced grip strength in affected limb comparing to the normal limb 

at an average of 12.30% (Range: 6.67% - 12.39%) 

It was compelling to note that, in our study 10 patients had loss of 10% grip strength in affected 

limb compared to normal limb. 

COMPLICATIONS 

Apart from the refractures mentioned above none of the children had any other complications 

related to the cast application as well as to the implant used. 
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                          CASE No 1: (CRIF WITH TENS NAILING) 
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                  CASE No: 2(ORIF WITH PLATES & SCREWS) 
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                   CASE No: 3(CONSERVATIVELY MANAGED) 
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                           CASE No: 4 (CRIF WITH TENS NAILING) 
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DISCUSSION 

Achieving a good functional result is the objective for both operative and non-operative 

management of the injuries following fractures of diaphyseal paediatric forearm bones. Since 

there is high rate of re-displacement following conservative treatment, treatment strategies are 

moving towards an increasing trend for surgical fixation.2 

Even though it is well proven in literatures that treatment of choice for the majority of both-

bone forearm fractures in adults is open reduction and internal fixation, approximately 90% of 

paediatric diaphyseal forearm fractures are effectively managed with closed reduction and 

casting. Operative management of paediatric both-bone forearm fractures is required when 

there is a failure to obtain or maintain adequate closed reduction in younger children, displaced 

fractures in children approaching skeletal maturity and open fractures. The principal surgical 

options in children are CRIF or mini-open reduction and IM nailing using flexible nails and 

ORIF with plates and screws.  

The injuries to the forearm need special attention both for their aesthetic and functional 

consequences. Since most children have poorly developed muscles, malalignment can produce 

a deformity which is particularly concerning to the parents.  

The paradox in paediatric forearm fractures is that anatomical reduction is not always 

associated with normal range of motion while non-anatomical reduction is associated with 

reasonably good range of motion. In the former, the restriction of motion is attributed to 

scarring of the interosseous membrane which, though not predictable from the injury 

radiographs have been attributed to surgical intervention, particularly open-reduction. Thus, 

treatment of forearm shaft fracture must balance the risk of allowing some amount of stiffness 

to occur secondary to malunion against the risk of creating stiffness secondary to surgical 

procedures.  

Forearm fractures in children seem to behave in some kind of a dynamic continuum where an 

acceptable reduction in a child below 10 years does not seem to be acceptable in another child 

older than 10 years. This makes the treatment of these fractures extremely challenging, which 

precludes strict recommendations based on age. Another fact that complicates matters even 

further is that children of the same age often present with different skeletal build and therefore 

the treatment based on the age should also consider the skeletal build and muscle mass of the 

forearm. 
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INCIDENCE 

Sinikumpu, et al2 in a decade long study between 2000-2009 noted an increasing incidence of 

children’s forearm fractures whereas there was a reducing trend of fractures in other areas. 

They found a 4.4-fold increase in incidence with a corresponding 4.2-fold increase in the cases 

requiring surgery. What was interesting was the percentage of children needing surgery went 

up from 13.3% at the beginning of the study to 52.7% by the end of the decade long study.  

AGE & SEX 

The mean age of the patients included in this study is 11 years, the range being 7 to 16 years. 

The upper age limit was determined by the exclusion criteria whereby children above 16 years 

old were excluded from the study because of the poor chance for remodelling as concluded by 

D J Fuller, et al.42 Also, Hughston, et al recommended that fractures in children over 16 years 

of age should be treated as for adults.44 The most common age group affected in this study were 

8 and 15 years (14%) for each. The youngest age group was 7 years old in 3 patients of which 

all 3 underwent closed reduction and casting.  

Out of the 28 patients in our study 24 were males and 4 were females. We found that the fracture 

was more common in boys than girls with a ratio of 6:1. This result was comparable to that of 

Brudvik, et al who found that boys sustained 59% of the forearm fractures.61 

In a study done by Shah, et al9 with 61 patients, the average age was 14 years with a range of 

11.5 to 17 years with male a preponderance of 47 patients. Anko Antabak et al4 in their study 

of 88 children (52 males and 36 females) reported a mean age of 10.5 ± 2.5 years of age. Smith, 

et al62 in his retrospective study among fifty-three injuries in 50 patients under the age of 18 

conducted between 1997 and 2002 reported that the overall median age was 9.6 years (Range 

2–17). The male median age range was 10.2 years (Range 4–16) and the female median range 

was 8.4 years (range 2–17). Teoh et al12 in his comparative study between IM Nailing and 

forearm plating for unstable paediatric diaphyseal forearm fractures among 48 children 

reported an average age of 9.5 years (Range: 4–13 years) for plating group and 9 years (Range: 

5–13 years) for nailing group. There were 11 boys and 6 girls in each group. Kang, et al 63 in 

his decade long study among 90 children who underwent ESIN reported a mean age of 8.4 

years (Range: 2-15years). Luhmann, et al65 in a retrospective study on 25 patients found that 

mean age at fracture was 10 years. Flynn, et al66 in a retrospective review of children treated 
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for diaphyseal forearm fractures for an eleven-year duration among 149 children noted that the 

mean age of patients treated operatively was 11.2 years (Range: 3 -17 years). 

Eighty children who attended Alder Hey Children’s Hospital with midshaft fractures of both 

forearm bones between 1974 and 1979 were reviewed by Alpar, et al.67 This study showed that 

age ranged from 1 to 14 years among which majority of children ranged between 5-9 years and 

consisted of 56 boys (70 per cent) and 24 girls (30 per cent). Reinhardt, et al64 studied 31 

forearm fracture which was treated either by ORIF with plate and screws or IM nailing of both 

the radius and ulna. They found that the nailing group had a mean age of 12.5 years (Range: 

10-14.6 years) and plating group had a mean age of 14.5 years (Range: 12-16 years). They had 

19 children treated with IM nailing and 12 children treated by plating. The mean age of the 

plating group was 14.4 years (Range: 11.9-16 years) compared to IM nailing group which was 

12.5 years (Range: 10-14.6 years). They found this difference statistically significant. 

Lascombes et al10 in his prospective study conducted in over 80 children who were managed 

by ESIN reported that the children were in the age group of 4 to 16 years with a mean age of 

11yrs and 4 months. There were 60 boys and 20 girls. This result was somewhat similar to our 

study and other literature where the peak incidence and greater increase occurred between 11 

and 14 years in boys and 8-11 years in girls.69 Lascombes also noted that in boys there was a 

bimodal peak, the first around age nine years and the second at about age of 13-14 years. Girls 

showed a single peak of about five to six years.10 This difference in male to female ratio is 

mostly due to the aggressive behaviour of boys while playing which is the most common 

mechanism of injury. 

Akash Jain, et al71 in his research paper on comparative study between plates and nails among 

60 cases found a of 14.2 years. They had 36 patients of whom 12 were males and 24 were 

females. 

In study conducted by Sunny deol, et al72 in over 26 patients, 80% were below 10 years of age, 

remaining 19% (n=5) were in the age group between 11 to 14 years. 69% (n=18) of these were 

male and 31% (n=8) were females. There was a clear male preponderance in their series as the 

M:F ratio was 21:5 

We thus noted that the age distribution and male preponderance of our study patients was 

comparable with similar studies involving paediatric diaphyseal forearm fracture.  
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It was interesting to note that in our study, like few recent literatures, the mean age of the male 

patients with a fracture is increasing. Controversially, the mean age of children with a fracture 

has been postulated to diminish following the descending trend of pubertal onset. 

Study  Number Mean Age (years) 

(Range) 

Males:Females 

Ankoantabak, et al4 88 10.5 ± 2.5 52: 36 

Smith VA, et al62 53 9.6 years (range 2–17).  

Teoh, et al12 48 9.5 years (Range: 4–13 years) for 

plating group 

9 years (Range 5–13 years) for 

nailing group 

11:6 

Kang, et al63 90 8.4 years (Range: 2-15years)  

Luhmann, et al65 25 10 years  

 
149 11.2 years (Range: 3 -17 years)  

Alpar, et al67 80 8.5 years (Range: 1-15) 56:24 

Reinhardt, et al64 31 Plating: 14.4 years (Range:11.9-

16 years) 

Nailing: 12.5 years (Range:10-

14.6 years) 

 

23:8 

Flynn, et al66 149 11.2 years (Range: 3 -17 years)  

Shah, et al9 61 14 years (Range:11.5 – 17) 47:14 

Akash Jain, et al71 60 14.2 years 36:24 

Sunny deol, et al72 26 9 years 21:5 

Our study 28 11 years (Range: 7-15 years)  24:4 

 

Table 18: Age and sex 
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SIDE OF INJURY & LIMB DOMINANCE 

In our study, out of the 28 patients, 19 patients had left sided diaphyseal forearm fracture which 

majorly constitutes to 68% of all the cases and 9 had right diaphyseal forearm fracture (32%). 

We have noted that dominant hand in all children from our study sample is right sided and this 

finding can be understood by the fact that when a child falls on his outstretched hands, he is 

intuitively in better position to absorb the load on his dominant upper limb as compared to the 

non-dominant. This puts his non dominant upper limb at risk for fractures.  

Shah, et al9 reported in his study that 62% of the cases were left sided and 38% were right sided 

wherein majority of the fractures involved the non-dominant hand. In a study done by Alpar, 

et al,67 in 80 children, fifty-eight of the fractures involved the left forearm and 22 of them in 

the right forearm. Yet another landmark study done by Lascombes, et al10 reported that 53 

fractures were on the left side and 32 fractures were on the right side. Similar study conducted 

by Zionts, et al,68 reported that eighteen fractures involved the left upper extremity and seven 

involved the right upper extremity. Our results are consistent with those of other studies in 

terms of having higher incidence of fractures of the non-dominant side. 

MECHANISM OF INJURY 

Out of the 28 patients in our study, 17 patients sustained the injury due to fall while playing, 6 

Patient had RTA, 2 patients due to fall from height and 3 children due to miscellaneous causes. 

We noticed that in our study patients, fall while playing was diversified in all the age groups 

since our study is among children but injury due to fall from height and RTA was seen only in 

children at the upper age group of our study sample. 

In a study conducted by Hedstrom, et al,1 the most common activity associated with injuries 

was play (37%), followed by sporting activities (23%). Play was particularly dominant in the 

first decade of life whilst sports and traffic-related injuries became more common in the second 

decade of life. 
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Figure 29: Mechanisms of paediatric forearm fractures (Hedstrom et al1) 

Sinikumpu, et al2 pointed out that the average age of the children also showed an increasing 

trend with a good percentage of trampoline injuries. This points towards a change in sporting 

behaviour of children as compared to previous decades which place them at a higher risk for 

forearm fractures. Reinhardt, et al64 in his comparative study of nailing versus plating reported 

the most common mechanism of injury was a fall onto an outstretched hand for both his study 

groups, 17 of 19 patients in the IM nailing group and 9 of 12 in the plating group. In a study 

conducted by Akash jain, et al71 among Indian population, it was reported that the commonest 

mode of injury is fall while playing (55%) followed by direct blow to forearm (45%). Another 

Indian study done by Sunny deol, et al72 concluded that commonest mode of injury, 65% (n=17) 

were due to fall on an outstretched hand irrespective of whether the fall was following a play, 

RTA or from height.  

TIME TO PRESENTATION 

We noticed majority of the patients in our study (26 patients) presented within 1 week of injury. 

One patient presented in the 2nd week and another presented during the 3rd week after injury. 

More than three fourth of the patients (22 patients) presented on the same day of the trauma or 
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by the next day. This early presentation reflected the general awareness and the prompt health 

seeking behaviour among our study population. The one patient who presented in the 3rd week 

was initially treated by an osteopath and later brought to us due to the persisting deformity.  He 

required open reduction for removal of the soft callus followed by fixation with plating.  

CLINICAL PRESENTATION 

When patients with forearm fractures presented to the casualty, the most frequent complaint 

was pain. In 60% of the cases children had mild to moderate swelling and deformity.  Severe 

deformity was seen in 4 patients (14.2%). None of the patients in our study had symptoms and 

signs of nerve injury or vascular injury. In almost all children, the forearm fracture was an 

isolated injury except for one patient who had associated dislocated elbow in the contralateral 

limb. This indicates that majority of the injuries were low velocity injuries 

AO TYPE 

All fractures were classified based on AO classification system and out of the 28 patients in 

our study, one patient had an AO/OTA type 22D-2.1 fracture, 15 had AO/OTA 22D-4.1 type 

fractures, 11 patients had AO/OTA Type 22D-5.1 fractures and 1 patient had AO/OTA type 

22D-5.2 fracture. It was noticed that majority of patients had 22D-4.1 that is simple complete 

transverse fracture and only one patient had 22D-5.2 that is multi-fragmentary complete spiral 

fracture. 

Teoh et al12 in his study noticed that all fractures in the IM nailing group were AO Type 22-

D/4.1 while the plating group consisted of 12 children with AO Type 22-D/4.1 and 5 children 

with AO Type 22-D/ 5.1. 

In a study conducted by Anko Antabak, et al,4 two-thirds (59.1%) of the fractures were of the 

AO type 22-D/5.1. For fracture-type 22D/4.1 (20.5%) and type 22D/4.2, (4.5%), typically they 

operated only after unsuccessful repositioning or other complications of conservative 

treatment. For fracture-type 22D/5.1 and type 22D/5.2 surgical fixation was preferred as 

primary modality. Sunny deol, et al72 also reported that AO Type 22-D/5.1 and 5.2 constituted 

majority of the cases. 
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AO TYPE NUMBER TREATMENT MODALITY 

22D-2.1 1 Conservative  

22D-4.1 15 8 Conservative 

5 Nailing 

2 plating 

22D-5.1 11 9 Nailing 

2 Plating 

22D-5.2 1 Plating  

Table 19: Distribution of fractures based on AO classification and their treatment 

modality. 

CONSERVATIVE TREATMENT 

Functional outcome following a midshaft both-bone paediatric forearm fracture is one of the 

main considerations for a surgeon deciding between operative treatment and conservative 

management. Unlike adults, the majority of fractures could be treated non-operatively with full 

restoration of the forearm function. This is due to the presence of a tough periosteum, an open 

physis and the rapid remodeling capacity of children. However, these characteristics feature 

prominently in younger children but diminish with age since older children have unpredictable 

remodeling capacities. A number of studies in the literature have revealed that some children 

do not regain full forearm function following conservative management.73,74,75 

Having said that, out of the 28 patients in our study, 11 were managed conservatively with 

above elbow cast while 17 patients were managed surgically. Paediatric diaphyseal forearm 

fractures, if considered stable and fulfilling the acceptable reduction criteria as mentioned 

earlier were treated conservatively. Recently, however, there has been a trend towards 

stabilizing diaphyseal forearm fractures operatively to avoid angular deformity and functional 

impairment. In our study 6 out of 17 surgically managed patients (35%) initially planned for 

conservative treatment were later on treated operatively because manipulative reduction was 

unsatisfactory or angulation was beyond acceptable range. 

Another reason for this high operative intervention is that the high incidence of forearm fracture 

in older children and adolescent (peak at 13-14 years), in whom the limits of acceptable 

displacement are less (5-10 degrees) because of its reduced remodeling potential. 
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As described by Sinikumpu, et al2 in his research paper, the risk of re-displacement and the 

need for unplanned operation were much higher amongst the cases that were treated non-

invasively compared to those that were operated. The finding may be an essential reason for 

the recent increase in internal fixations. 

Appalled by the growing fascination for operative treatment of forearm fractures, Jones and 

Weiner3 did a review of their own cases of forearm fractures in children at their institution 

which was a dedicated children’s hospital. They studied 730 forearm fractures where they 

found that only 300 children actually required manipulation and casting. The rest could be 

treated by a splint/cast without manipulation. Of the 300 children requiring casting, only 22 

children lost reduction and needed remanipulation of which 10 were managed by cast 

application and 12 needed pins and plaster treatment. Pins and plaster techniques are no longer 

used now due to high chances of pin infections and discomfort to the children. They concluded 

that cast application achieved excellent results in majority of the forearm fractures. We may 

perhaps deduce that the small percentage of children requiring the pins and plaster treatment 

in Jones and Weiner study are the ones requiring operative treatment with nails or plates. 

Voto and associates5 examined 90 children treated primarily with closed reduction and cast 

application. They found that 7% of children had reangulation which occurred predominantly 

between 1-2 weeks emphasising on close monitoring during this period. 

In a study done by Anko Antabak, et al,4 a of all children treated by ESIN, had a complication 

of closed fracture reduction and immobilization, usually as result of additional displacement of 

fragments and this supports the findings of Sinikumpu et al.2 

Flynn, et al66 conducted a retrospective review of all patients treated for diaphyseal forearm 

fractures for eleven-year duration among 149 children. Out of 149 fractures, they observed a 

7-fold increase in operative management between the first and last year of the study. 

Price et al in his study has illustrated regarding the demerits of conservative managements. He 

has reported rotational malunion of 20-60° in 60% of patients, and 20° of malrotation limits 

rotation by 30°. Rotational deformity, which always includes angulation, does not correct with 

growth in children older than 10 years of age.10,76 It is also seen that angulation does not 

remodel but only rounds off the alignment. For this reason, Kay, et al77 advise against closed 

methods that result in more than 10° of malalignment.  
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Recurrent fractures occur in 6- 10% of cases. When a child is older than 10 years, there is a 

real handicap to schooling and sporting activity.68 

REDISPLACEMENT 

Our study had a redisplacement rate of 18% (2 out of 11) following conservative management 

with above elbow cast which is comparable with other studies. 

Sinikumpu, et al2 in his study on 97 patients, found 21% rate of redisplacement following non-

operative management of mid shaft forearm fractures. 

Asadollahi, et al80 in his prospective study on 269 patients in 2015 reported a re-displacement 

rate of 11% at 2 weeks of midshaft forearm fractures managed by closed reduction and casting. 

Yang, et al81 in his retrospective study on 57 patients with forearm fractures managed 

conservatively recorded redisplacement in about 22 patients (39%). Redisplacements and loss 

of reduction were encountered in the 1st and 2nd visits before fractures started to unite and the 

rate of re-manipulation was 10.9% and 14.1% respectively in a study done by A Rahman et 

al.82 The rate of displacement and re-manipulation following reduction in some studies were in 

the range about 7%83 other authors84 noticed that loss of reduction and need for repeated closed 

reduction was up to 30% of cases. But the need for second re-manipulation was lesser in 

children younger than ten years of age.  

STUDY RATE OF REDISPLACEMENT  

Sinikumpu, et al2 21% 

Asadollahi, et al80 11% 

Yang, et al81 39% 

A Rahman, et al.82 12% 

Our study 18% 

 

CHOICE OF SURGICAL MODALITY 

The primary goal of fracture treatment is to restore normal radioulnar length, to re-establish 

muscle length, to restore rotational alignment that is essential for forearm rotation, and to 

restore the normal radial bow. According to many authors ESIN ideally achieves these goals 

with minimal complications. 
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Out of 17 patients in our study who underwent surgical fixation, 14 children were fixed with 

elastic nailing of both radius and ulna while 3 patients underwent plating of radius and ulna. 

Currently, there has been a trend favouring IM nailing for the paediatric population, mainly 

because it is less invasive and negligible risk of periprosthetic fracture, compared with a plate. 

Other benefits of IM nailing for children are better cosmesis and easy removal of the nail, even-

though an anaesthesia is required. 

Fernandes, et al 11 reported in a study done among 64 children with unstable forearm fractures, 

45 patients were operated by stable elastic intramedullary fixation and 19 were treated with 

plating of the ulna and radius. In similar comparative study done by Teoh, et al12 in the IM 

nailing group, seven patients had both-bone IM nails, while ten patients had single-bone IM 

nails; in the plating group, nine patients had both-bone plating, while eight patients had single 

plates. In our study in all the cases managed surgically we have fixed both the radius and ulna. 

Also, in a study conducted by Anko Antabak, et al4 we noticed that closed manipulation and 

intramedullary titanium elastic nail fixation was done in 68 (77%) children. Out of the 88 

children, 26 children (29.5%) were operated as a second procedure after failure of non-

operative management due to loss of reduction. Another study conducted by Reinhardt, et al64 

showed that residual angulation after failed closed reduction was the most frequent indication 

for surgery. 14 of 19 patients in the study were treated by IM nailing and 7 of 12 in the plating 

group. 

In a study conducted by Flynn et al66 for 11 years between 1997 and 2008, among 2297 

fractures, only 149 fractures required surgical stabilization. 69% (103 of 149) underwent IM 

fixation alone. Of these, titanium elastic nails were used 68% of the time whereas smooth 

Kirschner wires were used for 32% of the cases. About 29.5% (44 of 149) of fractures were 

operatively managed using plate fixation. The mean age of patients treated in this manner was 

12.7 years. (Range: 7 to 17 years) relative to those patients who underwent IM fixation. When 

examining the trend of IM fixation and plating according to age groups, we found only 20% of 

fractures were treated with plating in patients aged 2 to 10 years (47 IM nail, 12 plates), whereas 

36% of fractures were plated in patients aged 11 to 16 years (56 IM nail, 32 plates). Only 1.3% 

of fractures (2 of 149) were treated with combined IM nail/plate fixation (age 8 and 14 y). 

According to the surgeon, the most common surgical indication was unacceptable alignment 

following attempts at closed reduction in 69.1%. A systematic review conducted by Westacott 

DJ78 et al concluded that ORIF was older group in all seven included studies, which might 
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reflect a conscious decision to treat older children with the ORIF, so that anatomical reduction 

can be achieved in those with less capacity to remodel. In our study, the average age of the 

conservatively managed children was 10 years (Range:7-15 years) while the average age of the 

surgically managed children was 12 years (Range: 8-16 years). Among the surgically treated 

patients, the average age of the children treated by Elastic nailing was 12 years (Range:8-15 

years) while the average age of the children treated by plates and screws was 13 years (Range: 

9-16 years)  

NAIL DIAMETER 

In our study, 2.5mm followed by 2mm nail diameters were commonly used to fix the radius 

and ulna. In a study conducted by Sunny deol, et al72 showed that the most widely used nail 

diameter was 2.5mm with nail sizes varying from 1.5mm to 3mm. 

FUNCTIONAL OUTCOME 

Teoh et, al12 in their study showed that excellent results were obtained for both operative 

interventions, with near-normal restoration of forearm function 

 PRICE CRITERIA DARUWALLA CRITERIA 

Excellent Rotations deficiency <10 

Flexion/extension deficiency :0-5 

 

Movements equal on both sides 

Good Rotations deficiency :11-30 

Flexion/extension deficiency :6-10 

 

Limitations of upto 20 degrees of 

rotation on injured side 

Fair Rotations deficiency :31-90 

Flexion/extensiondeficiency:11-15 

 

Limitations of 20-40 degrees of rotation 

on injured side 

Poor Rotations deficiency-All other results 

Flexion/extension deficiency >15 

 

Limitation of above 40 degrees of 

rotation on injured side 

Table 20: Comparison between Price and Daruwalla criteria 
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Fig 30: Universal Elbow Function (UEF Index 

A study conducted by Sunny deol, et al72 functional outcome was measured according to the 

Daruwalla’s clinical grading, Price et al79 criteria and Universal Elbow Function (UEF) index. 

As per the Daruwala criteria; they had 92% excellent to good outcomes and no poor outcomes. 

As per the Price, et al79 criteria they had 96% excellent to good outcomes and no poor 

outcomes. The Functional index questionnaire outcome showed a 96.16% excellent to good 

outcomes and no poor outcomes. This shows that the Price, et al criteria used in our study is 

comparable to other criteria and is sufficient to capture the results of the study accurately. 

Morrey, et al considered that 50° of supination and 50° of pronation are usually needed for 

activities of daily living and a loss of up to 20° of either supination or pronation is usually 

considered acceptable. They reported that the deformity leads to increased soft tissue tension 

in the interosseous membrane along with soft tissue contracture and scarring after healing. 

Flynn et al66 in his 103 patients in IM nailing, had excellent outcome in 78% (80 of 103), fair 

outcome in 14.6% (15 of 103) and poor outcome in 7.8% (8 of 103). They also found that 

children above 10 years of age treated with IM nails had a higher rate (17 of 56, 30%) of poor 

or fair clinical outcomes compared with those less than 10 years old. This finding was relatable 

in our study where we noticed that all the 3 patients who were graded as fair were of age group 

>10years.  

Zionts, et al68 studied limitation of motion after forearm fractures. They noticed seven (28%) 

had decreased pronation, four (16%) had decreased supination, and three (12%) had a decrease 
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in both. The average loss of supination was 4 degrees (range 0–20 degrees). The average loss 

of pronation was 6.8 degrees (range 0–40 degrees). Loss of forearm rotation correlated with 

the maximum angulation of the radius seen on either the final AP or lateral. Loss of forearm 

rotation did not correlate with the maximum angulation of the ulna that was seen in either view. 

In our study, the functional outcome of 11 non operatively managed patients, according to Price 

et al criteria showed excellent outcome in 6 patients (55%), good outcome in 4 patients (36 %) 

and fair outcome in 1 patient (9 %). The functional outcome among 17 of our operatively 

managed children according to Price et al criteria showed excellent outcome in 14 patients 

(82%), good outcome in 1 patient (6%) and fair outcome in 2 patients (12%). None of our 

patients had a poor result which suggested unsatisfactory outcome. 

FRACTURE UNION 

Teoh, et al12 reported in their study that all fractures united at the estimated time with no 

delayed union. The mean time to union was not analysed. Radiological union was achieved by 

two and a half months in all cases and within two months in 88.46% (n=23) of cases. The 

average union period in weeks was 6.2 weeks 

Luhmann et al65 reported that most patients had good both clinical and radiological union at 

four to six weeks (35.9%) or at six to eight (40.6%), and even before that, (less than four weeks) 

in (6.3 %) of patients. Only 11 patients (17.2%) had union between 8-12 weeks, but not beyond 

that. In all cases in their study, the fracture united between 6 weeks and 12 weeks and none of 

the patients developed delayed union or non-union. There was a direct relationship between 

the age of the child and the time of union. They found that the younger the child, the more 

distal the fracture, the less the angulations, the more rapid union. They stated that the reasons 

for the success of union of forearm fractures in children were the strong and thick periosteum, 

which restricts displacement of the fracture and the remodelling potential of the immature 

skeleton. 

Flynn, et al66 reported mean time to fracture union was 8.6 weeks (Range: 4 to 12 week) for 

those fractures that were opened during IM nailing compared with 6.9 weeks (Range: 4 to 11 

week) for those fractures that did not require an additional incision Of the 44 patients 

undergoing plate fixation, union was achieved at a mean of 9.2 weeks (Range: 6 to 16 week).  

Zionts, et al68 reported a mean time to union of 8.4 weeks (range 4–12). The time to union 

averaged 10.4 weeks for the proximal-third fractures, 7.6 weeks for the middle-third fractures, 
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and 8.8 weeks for the distal-third fractures. They found that the healing time for fractures of 

the proximal third was significantly longer than that for fractures of the middle third. Since we 

did not classify the fractures in our subjects according to anatomical classification, we were 

not able to analyse the significance of location of the fractures with the time to union. 

In our study, all fractures united between the 6th and 12th week. 

STUDY TIME TO UNION (Average period) 

Teoh, et al12 6.2 weeks 

Luhmann, et al65 4-6 weeks 

Flynn, et al66 8.6 weeks (Range: 4 -12 week) 

Zionts, et al68 8.4 weeks (Range 4–12). 

Our study 6-12 weeks 

 

RADIAL BOW LOCATION & MAGNITUDE 

Bowing of the radius is of utmost importance for the normal range of rotational movement of 

the forearm, and to the strength generated by the muscles.4 

In our study, the location of the maximal radial bow was found to be shifted distally in all 

patients at 1 year follow up. This was confirmed by comparing with the contralateral normal 

side.  

In the injured limb of the 28 patients the maximal radial bow was located at an average of 

68.2% (Range :59%-85%) of the radial length measured from proximal to distal. On the normal 

side the radial bow was located at an average of 60.5% (Range:50%-72%) of the radial length. 

Hence it was concluded that on an average, there was distal migration of the maximal radial 

bow by 7.7% (Range :0-27%) of radial length. It was interesting to note that 5 out of the 28 

patients had less than 1% distal migration thereby indicating perfect restoration of normal 

anatomy. 

There was distal migration of the maximal radial bow by 5.77% (Range :0-27%) of radial 

length in operative cases and there was distal migration of the maximal radial bow by 11% 

(Range :0-27%) of radial length in non-operative cases. Thus, we concluded that distal 

migration of radial bow was more among non-operative patients. 
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The magnitude of the radial bow was found to be reduced in all patients at 1 year follow up. 

This was confirmed by comparing with the contralateral normal side.  

In the injured limb of the 28 patients the average radial bow was found to be 9.31mm (Range: 

2.9mm-14.5mm). On the normal side the average radial bow was found to be 11.6mm (Range 

:7.5mm-11.66mm). Hence it was concluded that on an average, there was a loss of radial bow 

magnitude on an average of 1.35mm (Range: 0-6.8mm). It was interesting to note that 5 out of 

the 28 patients had less than 1mm loss of radial bow thereby indicating perfect restoration of 

normal anatomy.  

The average loss of radial bow in operative cases was 1.75mm (Range: 0- 5.70) while in non-

operative cases the average was 3.14mm (Range: 0-6.8mm). Thus, we concluded that radial 

bow magnitude reduced more in non-operative as compared to operative cases.  

In terms of the ratio between radial bow magnitude and the radial length as described by Firl 

and Wunsch16 it was noted that on an average, the ratio was 5.37 (Range:2.1-7.9) on the injured 

side as compared to 6.69 (Range: 4.6-8.07) on the normal side. This further confirms the loss 

of radial bow on the injured limb as compared to the opposite side. This method of 

measurement removes the inherent bias created by the length of the radius (short child v/s tall 

child).  

Schemitsch and Richards explained an association between residual bow deformity and 

functional deficit in forearm rotation, but this wasn’t supported by our findings in older 

children. In fact, the plating group, which had better anatomical correction of the location of 

the radial bow, had a greater percentage of patients with a loss of rotation, even though no 

statistically significant difference between the groups could be demonstrated. 

In a study done by Teoh, et al12 the radiographs during 12 months follow up showed the 

complete healing in the plate fixation group with reconstitution of the radial bow. The average 

maximum radial bow was 5.98% (Range 4.8–8.5%), radial bow location was 63.3% of the 

radial length (Range 52.8– 74.4%). In the IM nailing group, the average maximum radial bow 

was 5.77% (Range 2.82–7.58%), radial bow location was 65.2% (Range: 40.7–76.7%). Normal 

values by Firl and Wunsch for children were 7.21 ± 1.03 and 60.39 ± 3.74%, respectively. 

Their results showed that in both treatment groups restoration of location of the maximum 

radial bow was done, but the maximum radial bow was significantly smaller than normative 

values. This was in contrast to the study by Reinhardt, et al64 who reported that only plate group 

restored location of radial bow. Physiological bowing is of importance to forearm function and 
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strength.16 However, they did not find any relationship between radial bow and functional 

outcome. Even Westacott DJ, et al78 in his systematic analysis pointed out that the importance 

of radiographical outcome is questionable as there does not seem to be strong correlation in 

these studies between restoration of an anatomical appearance on X-ray (namely size and 

location of maximal radial bow) and the final functional outcome 

Contrary to our findings and many other literatures on radial bow, another landmark study was 

done by Wongcharoenwatana J, et al85 to prove the significance of radial bowing with forearm 

rotations. He has done a study on total of 112 children, (Group 1 = 70, Group 2 = 42). In group 

1, there were 28 children with ≤ 70° forearm pronation and/or ≤ 80° forearm supination (case 

group) and In group 2, there were 33 children with > 70° forearm pronation and > 80° forearm 

supination (control group). Mean age of case and control group was 11.08 ± 3.02 and 

7.85 ± 3.93 years, respectively. Average Maximal Radial Bow magnitude was 6.15 ± 1.93% 

and location of maximal radial bow was 61.94 ± 9.41% in case group. In control group, average 

maximal radial bow was 7.23 ± 1.03% and location of maximal radial bow was 62.08 ± 4.24%. 

There was statistically significant correlation between children with ≤ 70° forearm pronation 

and Maximal radial bow (P = 0.034) compared with control group. Also, there was statistically 

significant correlation between children with ≤ 80° forearm supination and maximal radial bow 

(P = 0.023) compared with control group. From ROC curve analysis, Maximal radial bow 

≤ 6.84% showed the association with ≤ 70° forearm pronation (72.2% sensitivity and 73.8% 

specificity) and Maximal radial bow ≤ 5.75% associated with ≤ 80° forearm supination (54.6% 

sensitivity and 84.9% specificity). Hence concluding that Children with Maximal radial bow 

≤ 6.84% can result in ≤ 70° forearm pronation, and Maximal radial bow ≤ 5.75% can be 

presented with ≤ 80° forearm supination. 

Reinhardt, et al64 in his study showed that the location of the maximum radial bow in the IM 

nailing group was 69% (Range: 59%-85%) and plating group was 62% (Range: 51%-72%). 

The magnitude of maximal radial bow was 6.8% in IM nailing group and 6.7% in the plating 

group. Thus, no difference was found in the ability of either fixation technique to restore a 

normal radial bow magnitude.  
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GRIP STRENGTH 

In our study, all 28 children managed either conservatively or surgically, during final follow 

up we found that there was reduced grip strength in affected limb comparing to the normal limb 

at an average of 12.30% (Range: 6.67% - 12.39%). 10 patients had loss of 10% grip strength 

in affected limb compared to normal limb. 

Teoh, et al12 grip strength appeared to be globally reduced in both limbs in both groups when 

compared to normative values but it was not statistically significant. 

IMPLANT REMOVAL 

The titanium nails were removed in all fracture patients at an average interval of 13 months 

(Range: 6-36 months) after fixation. It is essential to confirm clinical and radiological union 

before implant removal always. Although implants were taken out as early as 6 months as 

against the recommendation to wait for around a year after surgery, the patients in this study 

group did not sustain any refracture or any other complication even after the second procedure. 

Another important factor in the decision-making process surrounding operative technique is 

regarding removing hardware. A clear advantage in the use of IM nailing is the ease of 

hardware removal. While removing plates one must consider the risk of refracture and advice 

prolonged restriction of sporting activity. In contrast, due to the absence of stress shielding and 

STUDY RADIAL BOW LOCATION RADIAL BOW 

MAGNITUDE 

Teoh, et al12 Plating - 63.3% (Range 52.8– 

74.4%). 

IM nailing- 65.2% (Range: 40-

76.7%). 

Plating - 5.98% (Range 4.8–

8.5%) 

IM Nailing - 5.77% (Range 

2.82–7.58%), 

Wongcharoenwatana,  et 

al85 

61.94 ± 9.41% 6.15 ± 1.93% 

Reinhardt, et al64 Plating -62% (Range: 51%-72%). 

IM nailing-69% (Range: 59%-

85%) 

Plating-6.7%  

IM Nailing-6.8% 

Our study 68.2% (Range :59%-85%)  



Discussion 

92 
 

the cortical continuity after nail removal, minimal activity restrictions are necessary after the 

removal of nails.  

COMPLICATIONS 

We had two children presenting with refractures in our study. Both children were treated with 

casts and had falls after cast removal leading to refractures. Parents were strictly warned to 

restrict physical activity in children for a period of six weeks after cast or slab removal. 

Children were observed for 48 hours after casting for any signs of compartment syndrome. 

Strict asepsis was followed to prevent infections. Care was taken while inserting the nails to 

avoid damage to surrounding structures. The nails were buried well within the soft tissue to 

prevent the children from getting painful bursa. Parents were strictly advised against massaging 

the limb and passive mobilization of the limb after cast removal.  

A few complications noted in various other studies are as follows: 

 STUDY No. COMPLICATION (number) 

Teoh, et al12 48 IM nailing 

Heterotropicossification(1) 

Smith VA, et al62 53 

 

 

 

 

Conservative  

Loss of reduction(1) 

Delayed unions(1) 

Non-union(1) 

 

 

 

Luhmann, et al65 25 Rod migration (1) 

Delayed union (1) 

A.Rahman, et al82 64 

 

Conservative cases: 

Median nerve palsy (1) 

Volkmann’s ischaemia (1) 

Paul J, et al84 8 Median nerve palsy (8) 

Ken Yong-Hin 35 Traumatic radio-ulnar synostosis (1) 

Flynn, et al66 149 Delayed union (6) 

Infection (2) 

Reinhardt et al64 31 

 

 

 

IM Nailing cases 

Refractures (2) 

Ulna nonunion (1) 

Compartment syndrome (1) 

Delayed unions (4) 

Superficial wound infections (3) 

Bursitis over olecranon (1) 

OUR STUDY 28 Refractures (2) 

Table 19: Complications 
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LIMITATIONS  

It should be noted that, it is possible that this study lacked the statistical power to detect a true 

difference in loss of rotation between the groups. Alternatively, the statistical difference 

between groups in restoration of the radial bow location may have been a statistical aberrancy 

that would normalize with a larger sample size. A larger, prospective study would appropriately 

address these issues. In addition, the ideal comparison for the radial bow at latest follow-up 

would have been radiographs of the contralateral, uninjured arm in each child, which was not 

available for the current study 
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CONCLUSION 

 

Conservative management continues to be the gold-standard of care in the treatment of 

pediatric forearm fractures especially in children <10 years old. Conservative management 

gives good results in vast majority of children but requires careful periodic monitoring for loss 

of reduction. Operative treatment is required in older children and in cases of failed 

conservative treatment. Children taken up for surgery should be carefully chosen so as to 

benefit from the dual surgeries of fixation and implant removal as compared to cast application. 

When operative intervention is required, both flexible elastic nailing and plate fixation are an 

acceptable treatment options. Based on the analysis of the available literature, it is clear that 

wherever feasible, flexible nails should be chosen over plating. 

Whatever the mode of treatment used, it was seen that there was a uniform distal migration of 

the maximum radial bow and a uniform reduction in radial bow magnitude. However, this 

change in anatomical location of the bow did not seem to change the final forearm rotations at 

one year follow-up. This may be attributed to the remodelling capacity of paediatric long bones.  

It was also noted that there is a higher distal migration and reduction of the radial bow in non-

operatively treated patients as compared to operatively treated patients. This fact also did not 

seem to change the final forearm rotations at one year follow-up. Thus, the long-term functional 

results appear to be the same for both conservative treatment and surgical treatment. 
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ANNEXURE 1: PROFORMA FOR STUDY 
 

A CLINICAL STUDY OF MANAGEMENT OF PAEDIATRIC 

FOREARM FRACTURES 

 

Name:                             Age:   Sex: 

UHID Number :                   Body Weight: 

Address : 

Phone number  :  

 Side of Injury: 

Limb Dominance: 

Mode of injury: 

Date and time of injury: 

Date of admission: 

Open/Closed Fracture: 

If open, Type: 

X RAY FINDINGS : 

Diagnosis on admission :  

 

Primary treatment given: 

 

  

Plan for management: 

Conservative Treatment 

Date of Cast application 

Mode of Analgesia/Anesthesia 

Surgical Treatment 

Surgical Procedure: 

Implant : 

Date of Surgery:                                                              
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Post Operative/reduction X-RAY: 

Immediate post op complications if any: 

 

Condition of wound at discharge: 

Date of Discharge 

Date of suture removal: 

 

Follow – up 

• 7-14 days after closed reduction and casting 

• 6 weeks 

• 12 weeks 

• 12 months 

 

Clinical assessment at 7-14 days FU 

 

Cast condition 

Finger movements 

Finger swelling 

 

Radiological assessment at 7-14 days FU 

 

X-Ray Findings 

 

 

Comparison with the post-reduction X-ray 

 

 

Is the reduction satisfactory for further follow-up in the same cast –  

 

Clinical assessment at 6 weeks FU 
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Condition of the cast: 

 

Inspectory findings: 

 

-Condition of the skin/surgical site: 

 

-Wasting 

-Finger swelling 

-Deformity 

 

Palpatory findings: 

 

Tenderness at fracture site: 

 

Swelling (callus?) 

 

Radiological assessment at 6 weeks FU 

 

X-Ray Findings 

 

Needs further immobilization? If yes, how many more weeks 

 

Can we mobilize? 

 

Instructions to child and parents 

 

Elbow, Wrist and Finger mobilization exercises taught 
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Clinical assessment at 12 weeks FU 

 

Range of 

Movements  

 

Affected Side Normal Side Deficiency 

Elbow flexion    

Elbow Extension    

Wrist Flexion    

Wrist Extension    

Radial Deviation    

Ulnar Deviation    

Supination    

Pronation    

 

Clinical Photographs 

 

Radiological assessment at 12 weeks FU 

 

X-Ray Findings 

 

Is the child ready for unrestricted mobilization: 

 

Clinical assessment at 12 month FU 

Range of 

Movements  

 

Affected Side Normal Side Deficiency 

Elbow flexion    

Elbow Extension    

Wrist Flexion    
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Wrist Extension    

Radial Deviation    

Ulnar Deviation    

Supination    

Pronation    

 

 Affected Side Normal side  

Grip Strength    

Attempt 1    

    

    

Attempt 2    

    

    

Attempt 3    

    

    

Average     

 

Clinical Photographs 

 

Radiological assessment at 12 month FU 

 

Radial Bow Study(Ref) 

 

Affected Side Normal Side 

Radial Length (a) (mm)   

Position of the maximum bow from bicipital 

tuberosity (b) (mm) 

  

Radial bow magnitude (r) (mm)   
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Radial bow location as a percentage of radial 

length  

(b/a x 100)  

  

Change in the radial bow location in the affected 

forearm compared to Normal limb 

 

Radial bow magnitude as a percentage of radial 

length  

(r/a x 100) 

  

Change in the radial bow magnitude in the 

affected forearm compared to Normal limb 

 

 

Other Radiological Findings in the affected limb 

Malunion (Description of the deformity and 

quantification) 

 

Non-union  

Implant description (if any)  

Radiological signs of infection  

Radiological signs of implant failure  

Radio-ulnar synostosis  

 

Grading of results according to the criteria of Price et al(Ref) and Flynn et al(Ref) 

 

 

Outcomes are rated as Excellent, Good, Fair and Poor 
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ANNEXURE 2: INORMED CONSENT 

Clinical and Radiological outcomes in closed Paediatric 

diaphyseal forearm fractures 

Principal investigator                                               Guide 

DR. MOHAMMED NUHMAN                          DR. SUNIL MANNUAL 

Post Graduate Student                                     Additional Professor,   

Dept of Orthopaedics                                      Dept of Orthopaedics 

SDMCMS&H, Dharwad                              SDMCMS&H, Dharwad 

 

 The study undertaken is for academic purpose and the treatment of the patient. No 

additional work up will be done. The work up done will only be in view of treatment 

of the patient. 

 I agree to visit the hospital for my follow up on the dates prescribed and have been 

informed about clinical examination of the fracture site and questions regarding my 

improvement. 

 This study has been explained to me and I understand what the study involves and 

therefore I agree to take part in the study. 

 I understand that I can refuse to permit carrying on with the any of the procedure said 

above. 

 The study involves clinical examination, and blood investigation. The above said 

examinations are for the study purpose and help my treatment. 

 I have been explained about the use  of my hospital records for study and treatment  

purpose and I agree to disclose my hospital records for the same and have been 

promised not to disclose information to any third parties  

 

Signature of the Patient………………………………………………           Date………… 

Full name……………………………………………………………. 

Full address………………………………………………………….. 

I HAVE BEEN PRESENT WHILE THE PROCEDURE HAS BEEN EXPLAINED TO THE 

PATIENT AND I HAVE WITNESSED HIS/HER CONSENT FOR THE PROCEDURE 

Signature of the witness…………………………………………….             Date………… 

(The witness should not be a person connected with the study) 

Full name…………………………………………………………… 

Full address……………………………………………………………………………. 
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1. ಕ ೈಗ  ೊಂಡ ಅಧ್ಯಯನವು ಶ ೈಕ್ಷಣಿಕ ಉದ ದೇಶ ಮತ್ತು ರ  ೇಗಿಯ ಚಿಕಿತ್ ೆಗಾಗಿ. ಯಾವುದ ೇ ಹ ಚ್ತುವರಿ 

ಅಧ್ಯಯನವನತು ಮಾಡಲಾಗತವುದಿಲ್ಲ. ಮಾಡಿದ ಅಧ್ಯಯನವು ರ  ೇಗಿಯ ಚಿಕಿತ್ ೆಯ ದೃಷ್ಟಿಯೊಂದ ಮಾತ್ರ ಇರತತ್ುದ . 
2. ನಿಗದಿತ್ ದಿನಾೊಂಕಗಳಲ್ಲಲ ನನು ಅನತಸರಣ ಗ  ಆಸಪತ್ ರಗ  ಭ ೇಟಿ ನಿೇಡಲ್ತ ನಾನತ ಒಪ್ುಪತ್ ುೇನ  ಮತ್ತು ಮ ಳ  
ಮತರಿತ್ದ ಸಥಳದ ಕಿಲನಿಕಲ್ ಪ್ರಿೇಕ್ಷ  ಮತ್ತು ನನು ಸತಧಾರಣ ಗ  ಸೊಂಬೊಂಧಿಸಿದ ಪ್ರಶ ುಗಳ ಬಗ ೆ ತಿಳಿಸಲಾಗಿದ . 
3. ಈ ಅಧ್ಯಯನವನತು ನನಗ  ವಿವರಿಸಲಾಗಿದ  ಮತ್ತು ಅಧ್ಯಯನವು ಏನನತು ಒಳಗ  ೊಂಡಿರತತ್ುದ  ಎೊಂಬತದನತು ನಾನತ 
ಅರ್ಥಮಾಡಿಕ  ೊಂಡಿದ ದೇನ  ಮತ್ತು ಆದದರಿೊಂದ ಅಧ್ಯಯನದಲ್ಲಲ ಭಾಗವಹಿಸಲ್ತ ನಾನತ ಒಪ್ುಪತ್ ುೇನ . 
4. ಮೇಲ  ಹ ೇಳಿದ ಯಾವುದ ೇ ಕಾಯಥವಿಧಾನವನತು ಮತೊಂದತವರಿಸಲ್ತ ಅನತಮತಿ ನಿೇಡಲ್ತ ನಾನತ 
ನಿರಾಕರಿಸಬಹತದತ ಎೊಂದತ ನಾನತ ಅರ್ಥಮಾಡಿಕ  ೊಂಡಿದ ದೇನ . 
5. ಅಧ್ಯಯನವು ಕಿಲನಿಕಲ್ ಪ್ರಿೇಕ್ಷ  ಮತ್ತು ರಕು ತ್ನಿಖ ಯನತು ಒಳಗ  ೊಂಡಿರತತ್ುದ . ಮೇಲ  ಹ ೇಳಿದ ಪ್ರಿೇಕ್ಷ ಗಳು 
ಅಧ್ಯಯನದ ಉದ ದೇಶಕಾಾಗಿ ಮತ್ತು ನನು ಚಿಕಿತ್ ೆಗ  ಸಹಾಯ ಮಾಡತತ್ುವ . 
6. ನನು ಆಸಪತ್ ರಯ ದಾಖಲ ಗಳನತು ಅಧ್ಯಯನ ಮತ್ತು ಚಿಕಿತ್ ೆಯ ಉದ ದೇಶಕಾಾಗಿ ಬಳಸತವುದರ ಬಗ ೆ ನನಗ  
ವಿವರಿಸಲಾಗಿದ  ಮತ್ತು ಅದಕಾಾಗಿ ನನು ಆಸಪತ್ ರಯ ದಾಖಲ ಗಳನತು ಬಹಿರೊಂಗಪ್ಡಿಸಲ್ತ ನಾನತ ಒಪ್ುಪತ್ ುೇನ  ಮತ್ತು 
ಯಾವುದ ೇ ಮ ರನ ೇ ವಯಕಿುಗಳಿಗ  ಮಾಹಿತಿಯನತು ಬಹಿರೊಂಗಪ್ಡಿಸತವುದಿಲ್ಲ ಎೊಂದತ ಭರವಸ  ನಿೇಡಲಾಗಿದ  
 

ರ  ೇಗಿಯ ಸಹಿ ………………………………………… 

ಪ್ೂರ್ಥ ಹ ಸರತ………………………………………………………….. 

ದಿನಾೊಂಕ …………………… .. 

ಪ್ೂತಿಥ ವಿಳಾಸ…………………………………………………………. 

ಕಾಯಥವಿಧಾನವನತು ರ  ೇಗಿಗ  ವಿವರಿಸಿದಾಗ ನಾನತ ಪ್ರಸತುತ್ವಾಗಿದ ದೇನ  ಮತ್ತು ಕಾಯಥವಿಧಾನಕಾಾಗಿ ಅವನ / 

ಅವಳ ಕನ ೆೊಂಟ್ ಅನತು ನಾನತ ತಿಳಿದಿದ ದೇನ  
 

 ಸಾಕ್ಷಿಯ ಸಹಿ ………………………………………. 

(ಸಾಕ್ಷಿ ಅಧ್ಯಯನದ  ೊಂದಿಗ  ಸೊಂಪ್ಕಥ ಹ  ೊಂದಿದ ವಯಕಿುಯಾಗಿರಬಾರದತ) 
ಪ್ೂರ್ಥ ಹ ಸರತ…………………………………………………………… 

ದಿನಾೊಂಕ ………………….……………………………………………………………. 
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ANNEXURE 3: ETHICAL COMMITTEE CLEARANCE 
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ANNEXURE 4: MASTER CHART 
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