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Abstract 

Introduction  

Since the 2000s, internal fixation of distal radius fracture by volar locking plate on an extended 

flexor carpi radialis (FCR) approach has become the gold-standard. 

Objective 

The present study aimed to assess medium-term results of minimally invasive plate osteosynthesis 

(MIPO) in distal radius fracture. 

Material and methods 

The series comprised 710 cases (512 female; mean age, 58 years). The 15 mm approach was on the 

lateral edge of the FCR. The plate was slipped under the pronator quadratus. Closure used intradermal 

running suture without drain or orthosis.  

Results 

At a mean 7 months’ follow-up, mean scar length was 17 mm (range, 10-40 mm), pain 1.13/10 (0-

8), Quick-DASH 13.28 (0-86.36), and patient-rated wrist evaluation (PRWE) 11.48 (0-91). Compared to 

contralateral values, mean flexion was 87.23%, extension 88.52%, pronation 96.17%, supination 93.41%, 

and grip strength 79.68%. Hardware was removed in 45.92% of cases. There were 16 cases of secondary 

displacement, with 4 revision procedures, 1 of sepsis at 6 months, 10 of complex regional pain syndrome, 

and 14 of median nerve paresthesia, with 4 carpal tunnel release procedures. 

Discussion 

The minimally invasive FCR approach can be used for volar plate fixation of distal radial fracture. It 

has the advantage of conserving ligamentotaxis, facilitating reduction and improving scar esthetics. The 

incision can be extended if need be. 

Level of evidence: III; single-center retrospective study 

Keywords: anterior plate, distal radius fracture, MIPO, minimally invasive 
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Introduction 

 

Since 2000, distal radius fracture fixation by volar locking plate has become the gold-standard [1,2]. 

Three approaches have been described: traditional, extended [3], and minimally invasive [4]. 

 

The traditional flexor carpi radialis (FCR) approach (Fig. 1A), described for anterior displacement [5], 

is the distal part of Henry’s approach [6]. It spares the extensor system more effectively than dorsal 

approaches [7] and facilitates ligamentotaxis for posterior displacement fracture [8].  

 

The extended FCR approach (Fig. 1B), described for posterior displacement, is 8-10 cm long [3]. To 

avoid flexor system impingement, the plate should not go beyond the watershed line at the distal edge of 

the pronator quadratus (PQ). The PQ is raised, exposing the fracture, without [3] or with [9] risk of necrosis. 

Unlike the traditional approach, this allows the proximal fragment to be mobilized in pronation, passing 

through the fracture for wide exposure [8]. Ligamentotaxis cannot be used here. 

 

Minimally invasive plate osteosynthesis (MIPO) was developed for the hip [10], knee [11, 12], ankle 

[13], shoulder [14, 15] and elbow [16]. It conserves bone vascularization [17], increases consolidation [18], 

reduces infection, simplifies reduction by ligamentotaxis [19], and improves esthetics [10]. It was applied to 

the wrist in 2000 [20], promoting consolidation [21] as, unlike in traditional fixation, the PQ, periosteum 

and vascularization are conserved [6, 22]. The esthetic advantage is incontestable [23]. The technique uses 

a locking plate [4, 24]. Until 2013, 2 approaches were used [23, 25, 26], and just 1 since [27-30], 2 

approaches being reserved for metadiaphyseal fracture [31, 32]. Lengths range from 15 mm [30] to 50 mm 

[26]. Single approaches are longitudinal [27-30]; in double approaches, the proximal one is longitudinal and 

the distal one either longitudinal [25, 26] or transverse [23, 31, 33-35]. Transverse incisions can mimic 

phlebotomy [21]. Smaller incisions (≤ 15 mm) require special instrumentation [28-30]. The plate is slipped 

under the PQ, simplifying reduction [29].  
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MIPO requires no drainage [36] or orthosis [37], and allows immediate weight-bearing; 

Physiotherapy is prescribed only in case of stiffness [28, 29]. 

 

The aim of the present study was to assess medium-term results of MIPO for distal radial fracture in 

a series of 710 patients. 

 

 

Materials and method 

 

Patients 

 

Our local review board approved this retrospective study. The 1,430 files for patients operated on 

between 2014 and 2018 for distal radius fracture MIPO were analyzed. 720 were excluded for incomplete 

data, follow-up <6 months, simultaneous bilateral fracture or associated osteoligamentous lesions of the 

wrist. The included cases comprised adult patients with fresh fracture (<2 weeks), without associated 

lesions, and with follow-up >6 months. 

The series thus comprised 710 patients, with a mean age of 58 years (range, 18-95 years), including 

512 women, divided into 2 groups: group 1, AO fracture types A and B; group 2, type C. 

 

Surgery 

 

Surgery was ambulatory whenever possible, under locoregional anesthesia, with pneumatic 

tourniquet, in deferred emergency except in case of complications (skin opening, acute median nerve 

compression). A 15 mm segment was traced laterally to the FCR, 20 mm proximal to the radial styloid 

apophysis (Fig. 2A). The skin was separated from the underlying fascia for 50 mm proximally and 20 mm 

distally. The FCR sheath was incised over an equivalent length (Figs. 2B and 2C). The neurovascular and 

muscle structures, except for the radial artery, were inclined toward the ulna. The distal PQ was incised 
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transversally and released by elevator, conserving the ulnar and radial insertions (Fig. 2D). The plate, fixed 

to a guide, was introduced beneath the PQ (Fig. 2E), checking absence of noble structures below (notably 

flexor pollicis longus (FPL)), and kept temporarily in place by two 1.8 mm K-wires, under fluoroscopic 

control (Fig. 2F). The epiphyseal (Fig. 2G) then diaphyseal screws were introduced Fig. 2H). The skin was 

closed without drainage by intradermal running suture. Gentle active mobilization was encouraged on 

recovery from anesthesia [37].  

As appropriate, hardware removal used the same approach [38]. 

 

Assessment 

 

Thirteen quantitative and 5 qualitative variables were assessed at last follow-up (> 6 months). 

Quantitative variables comprised incision length (mm), pain (on visual analogue scale from 0 = no 

pain to 10 = worst possible pain), and upper limb function (on QuickDASH [39], and on patient-rated wrist 

evaluation (PRWE) [40] from 0 = normal to 100 = no function). Grip strength in pronation-supination on 

dynamometry in position 2 (Sammsons Preston RolyanTM, Bolingbrook, IL, USA) and range of motion 

(flexion, extension, ulnar and radial inclination, pronation-supination) were assessed as percentage of 

contralateral values. 

Qualitative variables comprised AO fracture grade, intra- and post-operative complications, 

secondary displacement, infection and type 1 complex regional pain syndrome (CRPS-1). 

 

Statistics 

 

Statistical analysis was descriptive and comparative. 

For descriptive analysis, normality of distribution was checked on Shapiro-Wilk test.  

For quantitative variables, descriptive analysis comprised position (mean, median, range and 1st and 

3rd quartiles) and scatter (variance, standard deviation, range, interquartile range).  

For qualitative variables, descriptive analysis comprised number and percentage.  
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Comparative analysis assessed intergroup differences in QuickDASH and PRWE on non-parametric 

Mann-Whitney-Wilcoxon test (non-normal distribution). 

 

 

Results 

 

Mean incision length was 17 mm (range, 10-40 mm) (Fig. 3A). Mean tourniquet time was 41 min 

(range, 11-120 min) (Fig. 3B). 

At last follow-up, mean pain rating was 1.13 (range, 0-8) (Fig. 3C), QuickDASH 13.28 (0- 86.36) (Fig. 

3D), and PRWE 11.48 (0- 91) (Fig. 3E). Mean grip strength was 79.68% (18.18-360%) (Fig. 3F), flexion 

87.23% (0-133.33%) (Fig. 3G), extension 88.52% (25-133.33%) (Fig. 3H), ulnar inclination 91.97% (25-150%), 

radial inclination 92.97% (0-166.67%), pronation 96.17% (40-133,33%) (Fig. 3I) and supination 93.41% 

(12.5-130.77%) (Fig. 3J). 

There were 16 cases of secondary displacement, 3 of which underwent revision surgery, 1 of sepsis 

at 6 months in a context of septicemia, 10 of CRPS-1, and 14 of median nerve paresthesia, 4 of which were 

treated by carpal tunnel nerve release. 

The intergroup differences in QuickDASH (p=0.37) and PRWE (p=0.44) were not significant. 

 

 

Discussion 

 

Minimally invasive techniques are becoming widespread for esthetic, technical and physiological 

reasons.  

Technically, a limited surgical approach conserves the muscle and ligament attachments of the 

wrist and facilitates reduction by ligamentotaxis [20, 41, 42]. This contrasts with the extended FCR 

approach, which involves “undressing” the distal radius [3].  
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Physiologically, a limited surgical approach limits the bone ischemia inducing necrosis or non-union 

between small fragments sometimes found in extensive approaches with deperiostealization [43]. It also 

conserves the fracture hematoma, accelerating consolidation [44].  

 

Indications for MIPO in distal radius fracture are increasing, with 500 published cases (Table I). 

Some authors reserve it for extra-articular [21] and diaphyseal-metaphyseal fracture [33]. When plate 

fixation is not possible, arthroscopy can be useful [45]. In case of metadiaphyseal fracture, a double 

proximal and distal approach is needed [32]. 

 

Surgery can be deferred and performed on an outpatient basis in the absence of signs of severity: 

open fracture, neurovascular injury, significant displacement [21, 28]. Osteotomy for malunion can be 

performed as MIPO [46, 47]. Posterior plates require 2 approaches and 2 bicolumnar plates [48]. 

There have been no reported randomized comparative trials. A continuous prospective study 

comparing the traditional approach versus MIPO [21] found no difference in pain, range of motion, grip 

strength, DASH score or radiographs. The traditional technique was easier to perform. Esthetic satisfaction 

was not assessed. Studies without control group reported no differences with respect to the traditional 

technique (Table I).  

In extra-articular fracture, results for a longitudinal or a transverse approach did not differ, but the 

longitudinal scar was shorter [49]. 

 

In the 477 reported cases of MIPO (Table I), there were 42 complications, a rate (8.8%) comparable 

to other techniques. Pain is the most frequent complication: 14 cases of CRPS and 2 of ulnar pain without 

anatomic substrate. There were 9 cases of flexor tenosynovitis and 2 FPL tears; prevention involves 

checking flexor system freedom [21, 28]. One author reported an FPL blocked under the hardware [50]. 

Osteoarticular complications comprised 3 intra-articular screws, 2 cases of stiffness, 1 migrated screw and 6 

secondary displacements. Absence of intra-articular and notably distal radioulnar screws  needs checking 
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under fluoroscopy on skyline view [51]. There were 2 cases of delayed healing [33], and 1 lesion of the 

palmar cutaneous branch of the median nerve [31]. 

 

All MIPO techniques involve a learning curve [52]. It is best to begin with simple extra-articular 

fractures on a traditional approach, progressively reducing incision length down to 15 mm or 10 mm [53]. 

In case of difficulty, the approach can be enlarged, which is not possible with the extended FCR approach. 

 

The minimally invasive FCR approach can be used for volar plate osteosynthesis in distal ulnar 

facture. The advantages comprise conserving ligamentotaxis, thereby facilitating reduction, and better scar 

esthetics. In case of difficulty, the approach can be enlarged. 
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Figure legends 

 

Figure 1 Anterior approaches to the distal radius  

A. Traditional FCR approach. 

B. Extended FCR approach. 

 

Figure 2 Volar MIPO in distal radius fracture 

A. Skin incision outside FCR. 

B. Longitudinal incision outside FCR. 

C. FCR inclined toward the ulna. Deep longitudinal incision of FCR sheath. 

D. PQ incised transversally at the distal edge then released by elevator, conserving radial and ulnar 

insertions. 

E. Plate introduced under PQ. 

F. Plate positioned upstream of the watershed line and temporarily fixed to the epiphysis by 2 K-

wires. 

G. Central distal epiphyseal screws positioned. Temporary K-wires withdrawn and replaced by 

screws. 

H. Proximal end of plate exposed in maximal flexion to take advantage of skin elasticity; then, 

introduction of metaphyseal-diaphyseal screws. 

 

Figure 3 Results of MIPO in 710 distal radius fractures  

A. Incision length 

B.  Tourniquet time 

C. Pain 

D.  QuickDASH 

E.  PRWE 

F.  Grip strength 



15 

 

G.  Flexion 

H.  Extension 

I.  Pronation 

J.  Supination 











































Table 1. Main case or series reports of anterior plate osteosynthesis and minimally invasive plate osteosynthesis (MIPO) in distal radius 

fracture  
 

Authors Date Incision PQ spared Patients 
Result 

 

  
Number 

(N) 

Length 

(mm) 

Orientation 

(T/L) 

Arthroscopy 

(Y/N) 

 

(Y/N) 

Number 

(N) 
Clinical Complications Radiological 

Geissler and Fernandes 2000 2 
? 

 

L (Pl) 

L (Dl) 
N N ? ? 

? 

 
? 

Imatani et al. 2005 2 
50 

(20+30) 

L (Ds) 

L (Pr) 
N Y 5 

F59° E55° P85° S82° 

GS 88% 
N 

Anterior tilt 13° 

Radial inclination 24° 

Ulnar variance 0.6mm 

Yoshikawa et al. 2008 2 

40 

(25+15) 

 

T (Ds) 

L (Pr) 
N Y 13 

Cooney score 92.7 

F+E=122° P+S=157° 

GS 86% 

N 

Anterior tilt 8.6° 

Radial inclination 22.5° 

Ulnar variance 0.4mm 

Sen et al. 2008 2 
50 

(20+30) 

L (Ds) 

L (Pr) 
N Y ? ? ? ? 

Zenke et al. 2011 2 
40 

(30+10) 

T (Ds) 

L (Pr) 
N Y 30 

F86° E67° P89° S89° 

GS 94% 
Intra-articular screw (1) 

Anterior tilt 9.4° 

Radial inclination 24° 

Ulnar variance 1.1mm 

Abe et al. 2013 1 
30 

(25-30) 
L Y Y 153 

Mayo score good 89.5% 

DASH 4.1 

F60° E63° P83° S86° 

GS 88% 

Secondary displacement (3) 

EPL tear (2) 

CRPS type I (1) 

Anterior tilt 5.6° 

Radial inclination 26.1° 

Ulnar variance 0.1mm 

Zemirline et al. 2014 1 15 L Y Y 20 

Pain 1.9/10 

DASH 24.6 

F71° E72° P86° S86° 

GS 67% 

CRPS type I (3) 

Anterior tilt 8.8° 

Radial inclination 20.7° 

Ulnar variance -1mm 

Rey et al. 2014 1 26 L N Y 31 
DASH 10 

GS 80% 
Secondary displacement (1) 

Anterior tilt 4.8° 

Ulnar variance 0.3mm 

Lebailly et al. 2014 1 15 L Y Y 144 

DASH 25 

F86° E86° P96° S91° 

GS 67% 

CRPS type I (9) 

Secondary displacement (2) 

Tenosynovitis (9) 

Intra-articular screw (2) 

Distal screw cut-out (1) 

Anterior tilt 8.3 

Radial inclination 22° 

Ulnar variance 0.4mm 

Wei et al. 2014 2 
40 

(20+20) 

T (Ds) 

L (Pr) 
N Y 22 ? 

Thenar eminence anesthesia (1) 

Delayed skin healing (1) 

Ulnar-side pain (2) 

Limited function (2) 

? 

Chmielnicki and Prokop 2015 2 
30 

(25+5) 

T (Ds) 

L (Ps) 
N Y 11 

F45° E45° P85° S85° 

GS 96% 
? ? 

Chen et al. 2015 2 
30 

(20+10) 

T (Ds) 

L (Ps) 
N Y 21 Mayo wrist score 95.0 N 

Anterior tilt 9.86° 

Radial inclination 22.43° 

Ulnar variance 0.29mm 

Naito et al. 2016 1 10 L N Y 18 

F67° F67° P88° S88° 

DASH 0.7 

Mayo wrist score 8 .5 

CRPS type I (1) Complete union 

Wei et al. 2016 2 
40 

(20+20) 

T (Ds) 

L (Ps) 
N N 9 

DASH 5.8 

F76° E77° P79° S81° 

GS 89% 

Delayed skin healing (1) 

Anterior tilt 10.7° 

Radial inclination 18.2° 

Ulnar variance 2.3mm 

 

T transverse. L longitudinal. PQ pronator quadratus. Pl palmaire. Dl dorsal. Ds distal. Pr proximal. F flexion. E extension. S supination. P pronation. GS grip 

strength (% contralateral value). Y yes. N no. EPL extensor pollicis longus. FPL flexor pollicis longus. CRPS complex regional pain syndrome  




