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Abstract

35 patients with malunited symptomatic fracture of distal radius with an average radial shortening of 2mm, presenting after a minimum of two months of treatment were subjected to a new method of correction of malunion, in a prospective study done between February 2002 and August 2004. We are proposing a novel method of physiological distraction of the malunion using a simple mini distractor; applying the principle of Callotasis. The patients were followed for an average of 24 months following distraction. The indications for the procedure were pain and functional limitations rather than the degree of anatomical deformity. Sixteen patients were men and nineteen were women; their average age was forty three years (range, twenty two to sixty-four years).

Preoperative radiographs revealed an average ulnar inclination of 14 degrees, an average radial shortening of 2 millimeters, and an average dorsal inclination of 24 degrees. Flexion of the wrist averaged 24 degrees; extension of the wrist, 35 degrees; supination of the forearm, 41degrees; and pronation of the forearm, 54 degrees. The average grip strength was around 40% in comparison with the normal hand. At an average of 24 months (range, 22 to 31 months) after the procedure, supination of the forearm had improved to an average of 77 degrees and pronation had improved to an average of 75 degrees (p < 0.05 for both). Flexion of the wrist had improved to an average of 55 degrees, extension improved to an average of 65 degrees and grip strength had improved to 75% in comparison with the contralateral hand (p < 0.05 for both). Dorsal inclination averaged 0 degrees; radial lengthening 9 millimeters; and ulnar inclination, 22 degrees. The functional result was rated as very good in 22 patients, good in eight, fair in three and poor in two.
The initial results of the study are very encouraging and we have been able to correct deformities presenting to us even up to four months after the original injury. This study has broken the myth that a rigid callus or bony union forms by the end of the conventional period of immobilisation for 6 – 8 weeks; since distraction of the deformity at the original fracture site is possible, even after this period leading to deformity correction and symptomatic relief.

We therefore present this as a landmark study in the treatment of maluniting distal radius fractures in an adult.

Background

Malunited fractures of distal radius are very common in our day to day practice; which may be due to inadequate immobilisation, improper reduction or inability to maintain the reduction as a result of severe communition often seen in these types of fractures. These observations lead to hypothesize that the fractures might have actually required a much longer period of immobilisation than the currently accepted protocol. If this is true, such fractures, especially those in their early period of malunion, might not have been malunited by now, but could be in their ‘maluniting’ phase. Moreover the callous might not have consolidated and might still be exhibiting the property of biological plasticity and should be amenable to distraction and deformity correction. These patients present to us either with simple cosmetic deformity or with varying degrees of functional disability (Fig 1a, b, c, d). The common treatment option is corrective osteotomy which is a major surgical undertaking, very often requiring a second surgery for implant removal.
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Fig. 1a : Deformity and ulnar styloid prominence
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(b)


(c)

Fig. 1(b): Pre-op radiograph (Lat. View) (c) Pre-op radiograph (AP view)
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Fig. 1d: Pre-op function

Malunion following a volarly/dorsally displaced fracture of the distal metaphysis of the radius with/without communition and with/without an intraarticular component impairs the normal function of the radiocarpal and distal radioulnar joints. Shortening of the radius relative to the distal end of the ulna following a collapse, which is very common; combined with a pronation/supination deformity of the distal fragment, invariably results in incongruence and instability of the distal radioulnar joint. Such deformity adversely affects rotation of the forearm. In addition, an increase in the dorsal/volar inclination of the radiocarpal articular surface, combined with a loss of normal ulnar inclination in the frontal plane, causes a decrease in grip strength, a decrease in extension, flexion, radial and ulnar deviation of the hand and wrist, and a cosmetic deformity. 
Although there is considerable information in the literature regarding the indications for, and the techniques and results of, corrective osteotomy for the treatment of malunited, dorsally displaced fractures of the distal end of the radius, there have not been any reports concerning treatment of dorsally/volarly displaced malunions of the distal end of the radius without osteotomy. In the current study, we evaluated the results of physiological distraction of the malunion using a simple mini distractor; applying the principle of Callotasis in the management of maluniting fractures of distal radius with radial shortening, in thirty-five patients.

MATERIALS AND METHODS

This study was conducted in the Department of Orthopaedics, Medical College, Kottayam for a period of two and a half years. 35 patients with malunited symptomatic fracture of distal radius with an average radial shortening of 5mm, presenting after a minimum of two months of treatment were subjected to a new method of correction of malunion, in a prospective study done between February 2002 and August 2004. There were 16 male and 19 female patients. Fracture occurred in right wrist in 21 patients, left wrist in 14 patients. The injury was caused by a simple fall in 46% (16), fall from a height 43% (15) and Road accident 11% (4). The outcome of therapy with a novel method of physiological distraction of the malunion using a simple mini distractor; applying the principle of Callotasis was studied on this case series. The patients were followed for an average of 24 months following distraction. The average age was of patients included in the study group was forty three years (range, twenty two to sixty-four years). . All patients had been managed initially at other institutions and later were referred to us because of a residual deformity.
The indications for physiological distraction were pain or functional limitations along with varying degrees of anatomical deformity. The preoperative functional problems included painful or limited supination/pronation of the forearm, loss of extension/flexion of the wrist due to radial shortening, dorsal displacement of the distal radial fragment, and loss of grip strength that adversely affected the patient's capacity to return to his or her preinjury occupation. 

The criteria for exclusion

1. The criteria for exclusion from the study included: 

2. Fractures over 4 months duration;

3. Function that was acceptable to the individual despite deformity;

4. Dorsal angulation of the distal radial fragment above 10 degrees;

5. Children below 17 years;

6. Pregnant women;

7. Fractures with local/systemic infection;

8. Non-cooperative patient;

9. Advanced osteoarthrotic changes in the radiocarpal joint; and

10. Severe osteoporosis. 

Cases with dorsal angulation exceeding 10° were managed with a dorsal distractor to achieve correction; however these cases were not included in this study. Neither advanced age nor osteoarthrotic changes in the distal radioulnar joint were considered contraindications to the fractional distraction of the malunion. 
The injuries leading to the malunion included an unstable, dorsally displaced extra-articular fracture that had collapsed leading to radial shortening while the limb was immobilized in a cast in twenty nine patients; extra-articular, volarly displaced fracture of the distal end of the radius (a Smith fracture) in three patients (deformity in all three being within the limits of inclusion criteria); and a dorsally displaced metaphyseal fracture of the distal end of the radius with an intra-articular extension in another three patients. 
The initial treatment had consisted of closed reduction and immobilization in a cast for thirty two patients. The remaining three patients had had operative intervention before referral: two had had external fixation (for ligamentotaxis), and one had had closed reduction, percutaneous placement of smooth Kirschner wires. 
The patients were referred to us an average of 2 ½ months (range, one to four months) after the fracture. All thirty-five patients reported pain in the wrist. Pain in both the radiocarpal and the radioulnar joint was evaluated. Pain was assigned 1 point if it was severe (occurring during activities of daily living or during rest), 2 points if it was moderate (occurring during activities requiring forceful grip), and 3 points if it was mild (occurring only at the extremes of motion but not interfering with function); 4 points was assigned if there was no pain. Three patients reported no pain; eleven, mild pain; and twenty one, moderate pain in the radiocarpal joint. Five patients reported no pain; eleven, mild pain; eight, moderate pain; and eleven, severe pain in the distal radioulnar joint.

All thirty-five patients had limited motion of the wrist as measured with a standard goniometer. Extension averaged 35 degrees compared with 69 degrees for the contralateral wrist, and flexion averaged 24 degrees compared with 69 degrees for the contralateral wrist. Supination of the forearm averaged 41 degrees, 46 degrees less than that on the contralateral side, and pronation averaged 54 degrees, 30 degrees less than that on the contralateral side.
The average preoperative grip strength was measured with a sphygmomanometer cuff. The cuff was inflated to 30mm of mercury pressure and the patient was asked to grip it with maximum force. The elevation in the reading was noted and graded in comparison with the normal hand as a percentage.
Standard anteroposterior and lateral radiographs were made preoperatively, and measurements were carried out with Castaing's1 modification of the method devised by Gartland and Werley5. Ulnar inclination was measured, in degrees, as the angle between a line drawn parallel to the distal articular surface and a line drawn perpendicular to the radial shaft. Ulnar variance, the relationship of the distal end of the radius to the ulnar head, was measured, in millimeters, by determining the distance between a line drawn perpendicular to the long axis of the radius and tangential to the lunate facet of the radial articular surface and the distal extent of the ulnar head, in a neutral rotation view. Volar inclination was measured, in degrees, as the angle between a line drawn tangential to the distal radial articular surface in the sagittal plane and a line drawn parallel to the shaft of the radius. Ulnar inclination averaged 14 degrees (range, -15 degrees to 32 degrees); radial shortening, two millimeters (range, -1 to 4 millimeters); and dorsal inclination, 24 degrees (range, 15 to 40 degrees).
OPERATIVE TECHNIQUE

Pre-operative planning: The goals of physiological distraction of the malunion using a simple mini distractor include restoration of the radial shortening, restoration of the anatomical relationship of the distal radioulnar joint, anatomical restoration of the distal radial articular surface if possible, to establish a more normal distribution of load on the radiocarpal joint and improvement of the range of motion of the radiocarpal joint. 
Procedure: It is a minor surgical procedure, done on an outpatient basis, under local anaesthesia (Fig. 2a, b, c). Patient is allowed to go home on the same day after one to two hours of observation. After taking proper aseptic precautions, patient is draped and given local anaesthesia. Once the desired effect of local anaesthesia is confirmed, under image intensifier guidance, one or two Schanz pins (1.8mm or 2mm diameter; depending on the size of the malunited distal fragment) are placed in the malunited distal fragment, parallel to each other (if two pins are being used). The pin placement is made after creating a stab incision on dorso-lateral aspect of the distal radius, and visualizing the bone surface so as to avoid any soft tissue damage while drilling in the Schanz pins. Two Schanz pins (2.5mm diameter) are placed in the shaft of radius proximal to the site of malunion, as close to the distal pin(s) as possible and in alignment with them. These pins are connected together with a mini distractor. Patient is observed for 1 to 2 hours after the procedure and is allowed to go home with prophylactic antibiotic, analgesic and antioedema measures. Pin tract site is dressed with povidone iodine gauze. The limb is kept elevated and active finger movements are started from day one. Reduction of fracture and position of the pins are confirmed by antero-posterior and lateral view x-rays of the wrist. Frequent active movements of fingers, wrist, elbow and shoulder are advised. Patients are also instructed to clean pin tracts twice daily using hydrogen peroxide and povidone iodine solution.
Postoperative Regimen and Evaluation: Distraction is initiated after 48 hours and at the rate of 0.17mm every 4 hours, after ensuring that patient has proper comprehension on the method of distraction. The distractor has a nut with 6 faces, sequentially numbered from 1 to 6 and one complete turn of the nut would produce a distraction equivalent to 1 mm. The patient is educated to turn the nut clockwise every 4th hour with minor adjustments permitted in time so as to not to disturb the patient’s normal sleep habits. Thus a 24 hour period would produce an effective distraction of 1mm. In other words, distraction would occur in a gradual and phased manner at the rate of 0.17mm every 4th hour. Hence it was termed as physiological (Fig. 3). The patient was also instructed on the importance of proper and meticulous pin site care and wrist joint mobilization exercises. Patient is reviewed every week and check radiographs are obtained in every visit and properly catalogued and carefully analyzed for the data (clinical and radiographic), starting from the second review. The patients were followed for an average of twenty-four months (range, twenty-two to thirty-one months) after the distraction. Consolidation of the callotasis site was documented at an average of eight weeks (range, six to ten weeks) post distraction. Mini-distractor was then removed depending on clinical and radiological assessment of fracture union. A plaster of Paris sugar tong slab is applied to the forearm for 4 weeks as a prophylactic measure to prevent future collapse.
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Fig. 3: Correction of malunion with result at 2 years follow up
Analysis of cases

Evaluation was based on subjective criteria, including pain in the radiocarpal or radioulnar joint, or both, as well as objective data, including the active range of motion of the wrist and forearm, grip strength as measured with a method similar to that used preoperatively, and ability to engage in the preinjury occupation. 
Pain at each of the two articulations was evaluated postoperatively with use of the same system that had been used before the operation2,3,6. Flexion-extension of the radiocarpal joint of at least 130 degrees was assigned 4 points; 101 to 129 degrees, 3 points; 80 to 100 degrees, 2 points; and less than 80 degrees, 1 point. Rotation of the forearm ranging from 160 to 180 degrees was assigned 4 points; 140 to 159 degrees, 3 points; 120 to 139 degrees, 2 points; and less than 120 degrees, 1 point. Grip strength that was at least 80 per cent of that of the uninvolved hand was assigned 4 points; 65 to 79 per cent, 3 points; 40 to 64 per cent, 2 points; and less than 40 per cent, 1 point. A total score of 18, 19, or 20 points was considered very good; 15, 16, or 17 points, good; 12, 13, or 14 points, fair; and 11 points or less, poor. The overall preoperative score averaged 11 points (range, 7 to 15 points). Twenty nine patients had a rating of poor; and six, fair. 
Work capacity was evaluated according to whether or not the patient was able to resume his or her preinjury occupation with or without restrictions. 
Radiographs that had been made in the immediate preoperative period as well as those that had been made at the latest follow-up evaluation were used to assess osseous union, ulnar variance, ulnar inclination and volar inclination. 
Paired t tests were used to evaluate the extent of improvement in the range of motion, grip strength, and overall score between the preoperative and latest postoperative evaluations. A p value of less than 0.05 was considered significant.

ANALYSIS OF FUNCTIONAL RESULTS

Modification of Demerit point system described by Gartland and Werley

	a.
Residual deformity
	Points

	i.
Prominent ulnar styloid
	3

	ii.
Residual dorsal tilt
	2

	iii.
Residual deviation of hand
	1

	b.
Subjective Evaluation
	

	i.
Excellent - No pain, disability or limitation of motion
	4

	
	Points


	ii.
Good - mild (occurring only at the extremes of motion   sdsffddbut not interfering with function)
	3

	iii.   Fair - moderate (occurring during activities requiring  aforceful grip)
	2

	iv.
Poor - severe (occurring during activities of daily living or during rest)
	1

	c.
Objective Evaluation
	

	i. Flexion-extension of the radiocarpal joint 

 ≥130 degrees
	4

	 
                                                       101 to 129 degrees
	3

	 
                                                         80 to 100 degrees
	2

	 
                                                               ≤ 79 degrees
	1


	ii.  Rotation of the forearm                    
160 - 180 degrees
	4

	                                                                 140 to 159 degrees
	3

	                                                                 120 to 139 degrees
	2

	                                                                       ≤ 119 degrees
	1

	iii. Grip Strength (expressed as percentage  in comparison to that of uninvolved side)
                              ≥ 80 %
	4

	                                                                          65 % - 79 %
	3

	                                                                          40 % - 64 %
	2

	                                                                                 ≤ 39 %
	1

	d.         End-Result Point Range
	

	i. Excellent
	18 – 20

	ii. Good
	15 – 17 

	iii. Fair
	12 – 14 

	iv. Poor
	< 11


Lidstrom and Frykman's grading of end result (Radiological)
	Grade I (No or insignificant deformity)
	Dorsal tilt not exceeding neutral, radial shortening less than 3 mm and articular step off 0-1 mm

	Grade II (Slight deformity)
	Dorsal tilt of 1 to 10 degrees, radial shortening 3 to 6 mm and articular step off 1-2 mm

	Grade III (Moderate deformity)
	Dorsal tilt of 11 to 14 degrees, radial shortening of 7 to 11 mm and articular step-off 2-3 mm.

	Grade IV (Severe deformity)
	Dorsal tilt of at least 15 degrees radial shortening of minimum 12 mm or more and articular step-off > 3 mm.


The patients were followed for an average of twenty-four months (range, twenty-two to thirty-one months) after the distraction. Consolidation of the callotasis site was documented at an average of eight weeks (range, six to ten weeks) post distraction. 
At the latest follow-up examination, twenty-six patients were pain-free (Fig. 8). Of the remaining nine patients, four continued to note mild pain in the radiocarpal joint, six had mild pain in the distal radioulnar joint, and one had severe pain in that joint. Twenty-nine patients rated their working capacity to be equal to that before the fracture, and others noted some residual disturbance in the overall function of the wrist that necessitated modification of their occupation. 
The average supination (Fig. 7) of the forearm improved from 41 degrees (range, 0 to 90 degrees) preoperatively to 77 degrees (range, 65 to 90 degrees) postoperatively (p < 0.05). Only three patients had supination of the forearm that was 70 degrees or less. The average pronation of the forearm was 75 degrees (range, 70 to 90 degrees) postoperatively, representing an 21-degree improvement compared with the preoperative average of 54 degrees (range, 0 to 90 degrees) (p < 0.05). 
The average flexion of the wrist improved from 35 degrees (range, 0 to 60 degrees) preoperatively to 55 degrees (range, 50 to 75 degrees) postoperatively (p < 0.05). The average extension of the wrist was 65 degrees (range, 60 to 80 degrees) postoperatively, with the preoperative value of 24 degrees (range, 20 to 40 degrees) (Fig. 4). 
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Fig. 4: Post-op function

The average grip strength also improved, from 40% of that of contralateral side preoperatively to 75% at the latest follow up (p < 0.05).
Many had reported a subjective improvement in pain, function and mobility (stiffness); some had disappearance of symptoms pertaining to reflex sympathetic dystrophy. This could probably be attributed to the increased local vascularity as a result of the callotasis. However, conclusive evidence to this effect will require a larger study group which includes more patients with such pathology.

    The most recent radiographs revealed union at the site of the callotasis in all thirty-five patients (Fig. 5).
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Fig. 5: Comparison with normal wrist

The average ulnar inclination was 22 degrees (range, 10 to 25 degrees) compared with 14 degrees (range, -2 to 20 degrees) preoperatively. Dorsal inclination improved to an average of 0 degrees (range, -4 to +4 degrees) compared with the preoperative value of -4 degrees (range, -10 to 0 degrees). Radial length averaged 9 millimeters (range, 7 to 11 millimeters) compared with the preoperative value of 2 millimeters (range, -1 to 4 mm) (Fig. 6). 
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Fig.6: Result at 2 years follow-up

The overall functional result (Fig. 9) was rated as very good in twenty two patients, good in eight, fair in three, and poor in two. Of the two patients who had a poor rating, one had residual pain in the distal radioulnar joint and the other had limitation of the range of motion of the wrist and forearm which was not satisfactory to the patient. The overall post distraction score averaged 16 points (range, 11 to 20 points) compared with the preoperative average of 11 points (range, 7 to 15 points) (p < 0.05) 

	
	Overall score
	Range

	Pre-op
	11
	7 - 15

	Post-op
	16
	11 - 20


The anatomical end results according to modified Lidstrom and Frykman's grading is as follows:

	Grade I
	No deformity
	32

	Grade II
	Slight deformity
	3

	Grade III
	Moderate deformity (not included in study)
	Nil

	Grade IV
	Severe deformity (not included in study)
	Nil
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Fig. 7: Comparison of function before and after physiological distraction
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Fig. 8: Pain at two year follow up
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Fig. 9: Overall functional results as rated by the patients
STATISTICAL ANALYSIS 

This was a prospective case series study.  Results were statistically analysed for significance using Paired T test.  The articular step and range of movement, pre and postoperative were analysed.  
35 patients had a mean Preoperative Supination of 41 degrees and Postoperative Supination of 77 degrees.  On statistical analysis using paired T test, the values were found to be significant with degree of freedom of 34 and p value of < 0.0001 
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35 patients had a mean Preoperative Pronation of 54 degrees and Postoperative Pronation of 75 degrees.  On statistical analysis using paired T test, the values were found to be significant with degree of freedom of 34 and p value of < 0.0001 
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35 patients had a mean Preoperative Extension of 24 degrees and Postoperative Extension of 65 degrees.  On statistical analysis using paired T test, the values were found to be significant with degree of freedom of 34 and p value of < 0.0001. 
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35 patients had a mean Preoperative grip strength of 40 % and Postoperative grip strength of 75 %.  On statistical analysis using paired T test, the values were found to be significant with degree of freedom of 34 and p value of <0.0001 
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35 patients had a mean ulnar inclination of 14 degrees preoperatively and Postoperative ulnar inclination of 22 degrees.  On statistical analysis using paired T test, the values were found to be significant with degree of freedom of 34 and p value of < 0.0001 
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DISCUSSION
Fracture of the distal radius account for about one-sixth of all fractures treated in the emergency department. Although Abraham Colles claimed that external splintage can prevent deformity, it is undoubtedly proved that redisplacement is common with these fractures, paving way to malunion and its related complications. The functional outcome of fractures of the distal radius is controversial. Many surgeons believe that conventional methods of treatment are inadequate for such fractures.
Malunited fractures of distal radius are very common in our day to day practice; which may be due to inadequate immobilisation, improper reduction or inability to maintain the reduction as a result of severe comminution often seen in these types of fractures. The common treatment option is corrective osteotomy – a major surgical undertaking, very often requiring a second surgery for implant removal. These patients present to us either with simple cosmetic deformity or with varying degrees of functional disability. This study proposes a novel method of physiological distraction of the malunion using a simple mini distractor; applying the principle of Callotasis.

Malunion following a dorsally displaced fracture of the distal metaphysis of the radius impairs the normal function of the radiocarpal and distal radioulnar joints. An increase in the dorsal inclination of the radiocarpal articular surface, combined with a loss of normal ulnar inclination in the frontal plane, causes a decrease in grip strength, a decrease in flexion and ulnar deviation of the hand and wrist, and a cosmetic deformity. More importantly, shortening of the radius relative to the distal end of the ulna, combined with a pronation deformity of the distal fragment, invariably results in incongruence and instability of the distal radioulnar joint. Such deformity adversely affects rotation of the forearm. 
Although there is considerable information in the literature regarding the indications for, and the techniques and results of, corrective osteotomy for the treatment of malunited, dorsally displaced fractures of the distal end of the radius, there have been no studies on management of such malunited fractures without osteotomy of the distal end of the radius. In the current study, the results of physiological distraction for a dorsally angulated, post-traumatic deformity of the distal end of the radius in thirty-five patients were evaluated.
Despite appropriate initial treatment, malunion remains a common complication of distal radius fractures. Loss of normal palmar tilt, ulnar inclination and length of the distal radius or a combination of each may be the cause of this problem. The indications for the treatment of the patients in the current series included pain as well as limitation of the mobility of the wrist and forearm. These symptoms can be readily explained by the consistent pattern of deformity that occurs in association with a dorsally / volarly displaced fracture. The relationship between the accuracy of the anatomical repositioning after a fracture of the distal end of the radius and the quality of the functional result has been well documented8. An alteration in the relationship of the carpus to its supporting articulation at the end of the radius adversely affects the transmission of load. This is manifested by a decrease in grip strength as well as in motion of the radiocarpal joint, which, in a patient who has a volarly displaced fracture, decreases extension of the wrist7. Furthermore, the loss of ulnar inclination combined with the volar displacement of the distal radial fragment places the hand and wrist in a radial and palmarly directed position, substantially reducing the mechanical advantage of the extrinsic flexor tendons as they pass through the carpal tunnel, which also contributes to a decrease in grip strength4. The resultant improvement in grip strength after realignment of the deformity in these patients were due in large part to the salutary effect on the kinesiology of the wrist and its return to a more anatomical position at the end of the radius. 
Displacement of the distal fragment also distorts the anatomical relationship of the distal radioulnar joint in the sagittal, frontal, and horizontal axes. Shortening of the radius in relation to the distal end of the ulna, as well as relocation of the distal end of the ulna so that it is dorsal to the radius, results in tightening of the triangular fibrocartilage complex, which limits rotation of the forearm. The loss of congruence between the sigmoid notch and the ulnar head similarly impedes the rotation of the forearm. Distortion of the articular cartilage within the distal radioulnar joint also leads to a painful arc of motion, which was prevalent in these patients9.
Dorsal opening wedge osteotomy with iliac crest bone graft and plate fixation has been the traditional treatment; however, this technique may be complicated by postoperative swelling, loss of finger and wrist motion and extensor tendon rupture. The cost involved, the trauma to soft tissue, the resulting fibrosis and stiffness and a second surgery for implant removal only adds to the list of disadvantages.
 The Pennig wrist fixator (Orthofix) that does not span the radiocarpal joint is also being utilized for correction of distal radius angular deformity after fracture. Distal pins were placed directly under the subchondral bone in the distal radius and the proximal pins placed traditionally in the distal third of the radius. An opening wedge osteotomy was performed and after correction was achieved with the fixator, the osteotomy was closed as per this method. This method also relies heavily upon osteotomy of the distal radius. 
Ligamentotaxis is the usual method used for unstable fracture of distal radius. This was first described by Vidal. Principle of ligamentotaxis depends on the fact that the distal end of radius is surrounded by many important soft tissue structures like ligaments, retinaculum and tendons. In unstable fractures of distal radius if these structures are intact they remain attached to the fracture fragments. The structures act as an anchorage and stretching of these structures result in the fracture fragments falling into alignment and thus reduction is obtained. Bone, ligaments and tendons together form a visco-elastic unit which moves together. With axial distraction the fracture fragments are reduced and radial length is maintained. By changing the direction of distraction correction of dorsal displacement and radial tilt are achieved. Reduction and alignment are sustained by maintaining the distraction force with the help of external fixator till the fracture heals.
But in ligamentotaxis wrist movements are not possible as the frame extends from the radius to the metacarpals spanning the wrist joint. Inability to move the wrist joint is one of the most notable disadvantages of ligamentotaxis. Early mobilization of the wrist is essential to prevent many of the complications of lower radius fractures especially in fractures with intra-articular extension.
In ligamentotaxis reduction is maintained due to stretching of the intact ligaments which are anchored to the fracture fragments. Continued stretching of the ligaments can lead to laxity of the ligaments and loss of reduction. If the ligaments are ruptured ligamentotaxis will not give the desired results. So also, ligamentotaxis in itself is an unstable fixation. Instability of the distal radio-ulnar joint which is a major factor in unstable fracture of distal radius is not taken care of in ligamentotaxis. Soft tissue healing around this joint is impaired and result in increased incidence of persisting pain around that joint.
In the current study, the mini distractor was positioned in an angle conforming to the relation of malunited distal fragment to proximal shaft to allow the distal radius to rotate slowly into the corrected position, restoring length, and palmar tilt, or inclination (Fig. 2). In other words, the plane of deformity was clinically and radiologically assessed and the distractor was placed in such a way that the line of distraction confirmed with the anatomical axis. All patients experienced improved function, pain relief, and improved grip and pinch strength. Many patients with successful results could literally feel the lunate pop back into the lunate fossa of the distal radius four or five weeks after lengthening had begun. This technique has many advantages and great potential for improving results an alternative to distal radius osteotomy. Regional anaesthesia can be used and the technique can be performed as an outpatient procedure, without iliac crest bone grafting. Also, patients can gradually correct the deformity, negating acute pain and swelling associated with bone graft and plate fixation.
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Fig.2a: Schanz pins and mini distractor
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Fig.2b: Intra-op C-arm picture
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Fig.2c: After mini distractor application
In this method of treatment, active finger movements are started from day one and all the movements of the wrist like dorsiflexion, palmar flexion, radial deviation and ulnar deviation are encouraged. Active movements of fingers, wrist and other joints of the limb reduce oedema and pain and increase circulation. It prevents post immobilization stiffness and osteoporosis. Patients are able to do light work with the mini distractor on. A house wife was happily doing all light household work three weeks after procedure, with the mini distractor on. An officer returned to work with the mini distractor. One auto-rickshaw driver came to outpatient department for review four weeks after applying the mini distractor driving his auto-rickshaw with the mini distractor, although we never asked him to do so. A youngster working in an automobile workshop returned to his work with the mini distractor after four weeks of fixing it, without our knowledge, but without any complications.
One of the most striking facts that this study throws light upon was the inadequacy of period of immobilisation as advocated by the current concepts. This study has shown that it is possible to distract those fractures considered to be clinically Malunited even at the end of 4 months. Hence it is mandatory to continue immobilization or maintain the fixation device for longer duration in unstable fractures of distal radius. The conventional practice of immobilization for 6-8 weeks and maintaining the ligamentotaxis frame for a maximum of 8 weeks is proved to be insufficient with this study. Hence these clinically united unstable fractures of distal radius should be considered only as “maluniting” and not “malunited” until 4 months are over after injury. In this study, we have not been able to distract any fracture beyond 4 months after the injury. Larger samples are required to identify this subset of highly unstable fractures requiring immobilisation for longer duration or early bone grafting to reduce the period of immobilisation.

Conclusion

In unstable fractures, distraction to correct deformity is effective even up to 4 months. Physiological distraction can be a cost effective and patient friendly alternative to the traditional treatment by dorsal opening wedge osteotomy with iliac crest bone graft and plate fixation especially since complications like postoperative swelling, loss of finger and wrist motion, extensor tendon rupture, soft tissue trauma leading to fibrosis and stiffness can be completely avoided. The cost involved is minimal; procedure is comparatively less time consuming and extremely patient compliant.  A second surgery for implant removal only adds to the list of disadvantages of a corrective osteotomy. However, physiological distraction does have its limitation. Physiological distraction can be performed only during the maluniting phase (nascent malunion). Once the injury is more than 4 months old, the callus is no more amenable to callotasis. Another limitation was in cases with extremes of dorsal / volar tilts which the currently available configuration of mini distractors fail to address. The efforts to device such a configuration is in the offing.  Apart from the intended indication of this procedure, it was coincidentally observed that this procedure had produced some desirable effects in some of the patients like disappearance of reflex sympathetic dystrophy, stiffness and pain.  But, conclusive evidence to this effect will require a larger study group which includes more patients with such pathology.
Overall, this is a novel technique to address the current problem of malunion in distal radius fractures, which has no references in any of the contemporary scientific literature.
This study is therefore being presented as a landmark study in the treatment of maluniting fractures of the distal radius in an adult.
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