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Abstract

Introduction: Malunion remains one of the most common complications after conservative treatment of extra-articular distal radius fractures. Many different methods have been proposed for correction of such malunions; however, precise correction of a symptomatic malunion requires simultaneous correction of displacement, angulation, and rotation in multiple planes.

Objective: The aim of this retrospective study is to assess the functional and radiological outcome of multi planar corrective osteotomy , distraction and locking fixed angle volar plate with bone grafting as the standard treatment of distal radius malunions requiring multi planar correction.

Methods: We conducted a retrospective study on 15 patients- 4 males, 11 females. Mean age of 49- ranging from 17 to 68. All patients underwent volar approach, open wedge distraction osteotomy and fixation with locking fixed angle volar plate and cancellous bone grafting Radiographic measurements and functional assessments were taken preoperatively, 3, 6months and one year postoperatively Radiological measurements included radial height, tilt, inclination and ulnar variance. Functional assessment included flexion/extension arc, range of supination and pronation, grip and pinch strength, DASH and SF12 scores.

Results: Time to surgery from the original fracture was 17.4 months (range from 8 to 36 months). Number of patients with malunion of dominant hand was 39%. Mean follow-up was 16.4 months (range from 6 to 45 months). Osteotomies healed at an average of 11.3 weeks with one case of delayed union that healed at 24 weeks without further intervention. All radiographic measurements improved postoperatively, eleven out of the fifteen patients had an average of 18.84Â° of dorsal tilt (range between 6Â° and 30Â°) which was corrected to an average of 9.17Â° volar tilt. Ulna variance was pre-operatively positive in all patients with an average of 2.6 mm (ranging between 1.2 and 5.1mm) which was corrected postoperatively to less than one (0.96mm), three patients had radial angulations of 20.6Â° on average, which was fully corrected postoperatively. Flexion-extension arc improved with significant difference compared to figures prior to surgery and so was the grip and pinch strength The average DASH and SF12 scores have shown figures comparative to the normal population post deformity correction Complications included one case of low grade wound infection requiring oral antibiotic and another patient suffered from loss of sensation along the distribution of the anterior cutaneous nerve of the thigh related to the bone graft donor site.

Conclusion: Corrective multiplanar osteotomy with distraction and fixed angle plate fixation device resulted in improvement of distal radius anatomy, functional outcome and improvement of pain score. In this study we aim to describe technique and functional outcome of corrective osteotomy for malunion of distal radial fractures.



Perspective

Despite advances in technqiues of internal fixation, malunion remains the most common complication after distal radius fractures [1,2] whether intra or extra articular. With overall malunion rates reaching up to 17% [3]. Although the severity of the deformity does not always dictate surgical intervention [4,5] patients with malunion can experience significant disability in the form of pain, arthritis,reduced range of motion, decreased grip strength and visible deformity [6,7] all related to loss of normal volar tilt,radial inclination and radial height relative to the ulna [8-10].

There is no defined cut off point to the degree of deformity that warrants surgical correction, it was proven that increased deformity correlates with increased dysfunction [11] Fernandez recommended corrective osteotomy when the degree of angulation in the sagittal plane is greater than 25 to 30 [12,13]. However, grip strength was proven to be reduced with an angulation of more than 20o [14] and it was shown that patients with less than 20o of deformity who are symptomatic might benefit from surgery [9]. 

Biomechanical studies have shown the impact of the deformity on the wrist joint on different levels, the deformity disturbs the normal wrist contact pressures predisposing to wrist arthritis [15-17], mere loss of radial height and dorsal angulation increases contact pressures through the ulna [1]. Normally 82% of axial load of the wrist joint is transmitted through the radius, while an ulna positive variant of 2.5mm or more increases axial load across the ulna to 42% [18,19]. This increased load may lead to problems of the TFCC if not arthrosis in the whole wrist joint [20]. With reduced radial height and radio ulnar mismatch, distal radio-ulnar joint incongruity causes instability, reduced motion and arthrosis in the DRUJ [21,22].

Malunion may lead to compensatory motion of the carpus, where dorsally angulated malunions may well present with adaptive instability in the form of DISI (dorsal Intercalary segment instability) [1]. Corrective osteotomy of the distal radius is considered the foundation of treatment of malunion [23]. although simple deformities in the sagittal or coronal planes do not pose surgical problems for the orthopaedic surgeon [2], multiple studies have shown that the majority of distal radius fracture malunion have more than one plane deformity [24,25] which does indeed present a surgical challenge for correction because of the complex anatomic deformity often associated with such a condition, such complexity together with the variations in the type of malunion, and the inherent technical challenges of its surgical correction are all reflected by the numerous different techniques that have been described to date as a means of correction [26,27], the common factor between these techniques depended on accurate correction with a positive correlation between accurate anatomic correction and eventual overall wrist function, these techniques have shown not only to improve radiographic parameters, but more importantly improve motion, pain and grip strength [28,29].

Fernandez described the traditional open wedge osteotomy, bone grafting and dorsal plating for dorsally angulated malunions [12], although this technique improves function and relieves pain dorsal plating is associated with frequent morbidities [30-32], hardware prominence and extensor tendon irritation or rupture being the most common [1]. Open wedge osteotomies also presented a few reported disadvantages including increased instability at the osteotomy site before complete healing [33,34], increased risk of implant failure or non union resulting from axial loading and shear stresses associated with early wrist mobilization [34,35] and the complication at the bone graft donor site [35,36].

Volar locking plates arrived recently to the scene yet have established their role in the treatment of distal radius fractures [36,37] the inherent strength of the final construct allowing for early motion of the wrist joint and early return to function as well as low morbidities related to the volar approach [37,38], have made the use of external fixator and dorsal plating in acute fractures far less common. Because of such qualities, the senior author started using this technique for correction of malunions of the distal radius.

Objective

The purpose of the study was to assess the outcome of corrective osteotomy, bone grafting and volar locking plate in treating multiple plane deformities of the distal radius fracture malunion, outcome measures included physical and radiographic examination, DASH, MAYO and SF12 scores, as well as grip and pinch strength

Material and Methods

This is a retrospective study including patients who were operated consecutively by the senior author using the same volar locking plate system opening wedge osteotomy and iliac crest bone grafting from 2006 to 2011. Inclusion criteria included patients with radial sided pain, more than one plane deformity, resulting from a malunited fracture of the distal radius. We were able to identify 15 patients who fitted the criteria and after committee approval we contacted the patients and had approval of 13 patients out of the 15 to be included the remaining two were unreachable even through their GP, we were able to collect the physical and radiological examination for all 15 patients from the medical records, we were able to collect outcome scores from all 13 patients, 9 patients underwent the grip strength test using the Jamar Dynamometer whilst 4 did not agree to undergo the test.

Demographic data including age, sex, hand dominance, occupation, type of initial management of the fracture, interval between the injury and surgery were all recorded. Range of movement of the wrist joint was recorded for both extremities pre and postoperatively for flexion-extension as well as supination-pronation. Preoperative and postoperative radiographic measurements of volar tilt, radial inclination and ulnar variance were obtained. Operative details including the approach, type of fixation, type of bone graft, time to union of the osteotomy site, complication and subsequent surgical procedures were all recorded.

Outcome Scores

The severity of the pain was assessed using Visual analogue score before and after surgery with a value of 0 to10 with 0 being no pain and 10 being agonizing pain. The SF12 is a measure of health related quality of life, consisting of 12 questions relating to physical health, function, pain and emotional health. Scores range from 0 to 100 with higher scores defining a more favourable state of health. Mean Scores were compared pre and postoperatively as well as with the general average UK population. The DASH score is for self-assessment of residual disability of the upper limb, it consists of thirty items 21 of which address the ability to perform certain functions and nine address symptoms. Mean score was compared pre and postoperatively with the score ranging from 0 to 100 with higher scores indicating higher disability.

The Mayo score allows for a total count of 100 points in four categories, residual pain, functional range of movement, return to work and grip strength, with 100 representing normal wrist function, average figures were compared prior to surgery and during the last postoperative outpatient visit. Grip and pinch strength was recorded during the last outpatient visit as the best value of three trials with the use of a Jamar Dynamometer and compared with the opposite side.

Surgical Technique

A volar approach to the distal radius extending proximally from the wrist crease along the flexor carpi radialis tendon using a 5-7cms incision, the radial artery identified and protected radially with pronator quadrates elevated along its radial and distal borders and the brachioradialis partially released from its insertion, the volar locking plate of the acumed set was used in all cases (standard size), where the distal end of the plate was aligned with the wrist joint, with the aid of k wires passing through the joint as well as under fluoroscopic image control to align the plate with the required volar tilt and radial inclination, once achieved the distal locking screws were applied. This was followed by the osteotmy being performed as close as possible to the level of deformity, and parallel to the wrist joint, once performed, the radius is pulled out to length with the aid of a laminar spreader applied at the osteotmy site and a cortical screw placed proximally to give the counter pressure required to regain the required radial height and ulna variance. Once corrected the plate was held in place and the first proximal screw was drilled through the oval hole to allow for further fine tuning followed by application of proximal locking screws through the rest of the plate holes (pictures), this was followed by cancellous bone graft harvesting from the same side iliac crest and the amount taken depending on the gap required to be filled at the osteotomy site, cortical bone graft was not added in any of the procedures, the pronator quadratus was brought back to its original position and the subcutaneous layer and skin were sutured using absorbable sutures. All patients had a below elbow well padded splint and discharged the same or the following day to surgery (Figures 1-4).
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Figure 1: Preoperative planning to verify the amount and direction of the deformity.
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Figure 2: Plate positioned to restore radial inclination and tilt and referenced to wrist joint using an intra-articular K wire.
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Figure 3: Distal locking screws applied parallel to wrist joint. Plate usually is off the bone proximally in keeping with the deformity. Osteotomy performed just proximal to DRUJ to maintain joint integrity.
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Figure 4: The distal fragment and plate jacked up to required height by the aid of a laminar spreader. Proximal screws applied to maintain the position. The gap is filled with autologous cancellous bone graft.



Results

The study included 11 female and 4 male patients, with a mean age of 46 (17-70), 4 patients had their injury in the dominant side, 11 patients were treated initially conservatively (cast application), 2 patients with Manipulation under anaesthesia and K wire fixation and 2 patients with open reduction and plate fixation. Average time to surgery was 17.5 months (range, 8-36), one patient had an associated Extensor pollicis longus rupture related to her original fracture which was surgically treated at a later stage, and another patient suffered from signs and symptoms of carpal tunnel syndrome which was managed surgically during the same sitting.

Radiographic Outcomes

11	patients had a dorsal tilt of 19°on average (range 6°-23°) which was corrected to an average of 9° of volar tilt, 4 patients had an excessive volar tilt of 26° [24,26,28] which was corrected to an average of 11° of volar tilt. All 15 patients had a positive ulna variance of 2.5 mm on average (range 1.5-5.1) which was corrected in all patients to less than 1mm (average of 0.96). Three patients had a valgus angulation of 20.6° on average, which was corrected to neutral (Table 1).


Table 1: Deformities of patients.
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Clinical Outcomes

Wrist flexion extension improved significantly postoperatively (p<0.05), with mean flexion improving from 46.4° preoperatively to 75.7° on average (p value 0.001), palmar flexion also improved from an average of 34.6° to 63.6° post correction (p value 0.001), as for the DRUJ, supination showed significant improvement from an average of 78.2° before surgery to 85° post deformity correction (p value 0.039), however pronation did not show significant improvement with a mere change of 86.4° to 87.8° on average (p value 0.317) (Table 2).
 

Table 2: Type of Movement (*p<0.05).
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Outcome Scores

Five out of the 15 patients could not be contacted despite extensive search by phone, sending letters as well as checking change of address/contact details through their registered GP detail. Therefore outcome scores were conducted on the remaining 10 patients VAS for pain has shown significant improvement from an average of 5.4 preoperatively to 1.8 postoperatively (p value 0.018), SF12 has shown significant improvement from 33 to 45.2 following surgery (p value 0.017) which is also in line with the values for the average population of the UK of 50(+/-10), DASH score has shown minimal clinical important difference (MCID) in all 10 patients and the overall improvement from 61.1 to 29.8 was significantly different (p value 0.012) Mayo score has shown an average improvement from 39.4 to 57.8 but was not significantly different (p value 0.109) (Table 3).


Table 3: Scores (* p<0.05).
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Eight patients approved to undertake the grip and pinch strength tests. Grip strength has shown significant difference between the operated wrist (20.5N) and the opposite side (26.6N) (p value 0.012) with no significant difference in pinch strength between both sides (p=0.08) (Table 4).


Table 4: Results (* p<0.05).
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Union at Osteotomy Site and Complications

All patients achieved full union at the osteotomy site without requiring further surgical interventions. Time to union was 11 weeks on average ranging between nine and 24 weeks, one patient had delayed union but ultimately achieved radiological and clinical union at 6 months. Average follow up time was 16.5 months ranging between 6 and 45 months, no major complication was encountered, one patient suffered from superficial wound inflammation that was controlled by oral antibiotics and carried on to full union with no further episodes of flare of inflammation, another patient suffered from numbness related to the distribution of the anterior cutaneous nerve of the thigh (graft donor site) which has improved gradually but hasn't fully resolved. All patients reported improved pain and function following the procedure except for one patient who expressed improved pain but had no change in the arc of movement nor had improved function and failed to return to their job prior to the injury.

Discussion

Deformity resulting from Malunion is not the reason behind addressing such an outcome of distal radial fracture, it is the accompanying pain, loss of function and possible long term implications causing wrist joint, DRUJ and carpal joints disruption. It is rare that such deformities are in one plane, it is not only sagittal or coronal plane deformities that are involved, the deformity involves rotational and axial elements as well. If the deformity exceeds the normal parameters wrist dysfunction is an inevitable outcome. Dorsal angulation per se causes abnormal forces to pass through the radiolunate and ulno carpal articulations [39] dorsal angulation as well as abnormal ulna variance affect the DRUJ inflicting on supination/pronation arc of movement, increasing ulnocarpal impaction and predisposing to degenerative changes involving the TFCC [39].

It is of utter importance to plan for correction of all planes of deformity to restore the normal function of the involved joints. Open wedge osteotomy and dorsal plating have shown to improve radiographic parameters, pain as well as function, an improvement without its own drawbacks with a number of well-documented complications. A study by Keller et al showed that 37 of the 49 patients required plate removal, whilst one of the remaining 12 suffered of rupture of EIP [40], nevertheless they achieved a good function, grip strength and DASH scores. As tendon rupture was argued to be the result of the plate profile, a number of studies using low profile dorsal plate have shown improved function and scores with reduced complications [41,42], nevertheless, dorsal plates have been proven to cause a chronic reactive inflammatory response in a number of animal studies, a response that does decrease with time [43,44].

Closing wedge osteotomy was another means of correcting these deformities in the aim of controlling radial height and ulna variance and at the same time avoid possible complications of delayed union and donor site related issues in open wedge osteotomy with bone grafting. Wada et al compared the outcomes of open wedge versus closed wedge osteotomy of distal radius deformities and concluded that there is a significant difference in arc of movement as well as in average Mayo score in favour of the closing wedge, but showed no significant difference in postoperative radiographic measurements between the two groups, not to mention the need for an additional osteotomy of the ulna for all the patients undergoing closing wedge osteotomy. The patients in the open wedge group [18] had different causes leading to the deformities, were operated by different surgeons, with different approaches and different fixation techniques with or without ulna osteotomy (5 of the 18). The author concluded that his study had several limitations that need to be addressed [23].

Volar plates have been used traditionally in correcting deformties with volar angulation [45-47] with good outcomes. Volar locking plates have shown low morbidity with stable mechanical construct in treating distal radial fracture. A handful studies used the volar locking plate in dorsal angulated deformities, Malone et al in 2004 described a technique using a volar fixed angle plate in 4 patients with iliac graft in 2 of them (50%) [48], Prommesberger et al described a radiovolar approach using a volar fixed angle plate with a different surgical technique to ours [45]. Peterson et al reported 8 patients with dorsal angulation treated with a volar locking plate with follow up of 6 patients only, his surgical technique was slightly different to ours and used corticocancellous bone graft as opposed to cancellous bone graft in our study. all these studies have shown low morbidity related to the use of the volar approach.

To our knowledge this is the largest series of corrective osteotomy for distal radius fracture malunion with more than one plane deformity (11 with dorsal angulation and four with volar angulation) with cancellous bone grafting to be performed consecutively by the same surgeon. The technique described is simple, allows for anatomical correction in all planes, and does not use excessive time or resources. No additional instruments are required, and no additional procedures are expected (compared to ulnar osteotomy for closing wedge procedures, or plate removal in dorsal approach osteotomies). Last but not least it is an easily reproducible technique, with minimal related complications.

Sagittal and coronal plane deformities, as well as axial and rotational plane deformities were all disturbed in most of the cases, hence pre-operative planning, and meticulous plate alignment as described in the surgical technique were of paramount importance in restoring the anatomy of the wrist joint and DRUJ. This was achieved in almost all cases: Volar tilt, ulna variance, radial height and inclination were all restored to normal, which would have a direct effect on the significant improved range of movement and functional outcomes in our series.

All our patients have expressed improved pain and function, except for one patient who in spite of improved pain had no improvement in function and was unable to resume their prior occupation. Wrist joint flexion-extension and supination have all shown significant improvement, and so have pain scores, DASH and SF12 scores, the Mayo score was the only outcome score that showed no significant improvement. Grip strength was significantly weaker on the operated side, whilst pinch strength was regained. All our patients achieved full union without the need for additional procedures. No major complications related to the osteotomy, metalwork or wound was reported in our study.

Conclusion

In conclusion this technique has proved to be an excellent means of correction of such complex deformity based not only on restoring anatomy based on radiographic measurements, but on improving function proven by improved pain, range of movement and functional outcome scores with minimal morbidity related to the type of osteotomy, metalwork used or approach adopted.
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