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Abstract 
 

      An ever demanding patient population and introduction of 

newer techniques and technologies, brings with it new challenges. 

Distal radial fractures are a common condition encountered 

amongst trauma and orthopedic surgeons and those who 

sustain this injury desire early mobilisation, quick return to 

work and adequate function. Whilst it has been proven to be a 

successful treatment modality, it is associated with potential 

side effects most notable articular screw penetration and 

tendinopathy from suboptimal screw placement. The literature 

is permeated with articles demonstrating the use of specific 

intra-operative imaging to assess intra-articular screw penetration 

in surgical fixation of the distal radius fracture however these 

studies have largely used cadaveric models. We present an 

interesting study of the pitfalls of intra-operative imaging on a 

saw bones model. Ominously, we were able to hide screw 

penetration with standard intra-operative views which are taken in 

order to ensure screw penetration is not achieved. The effect 

of this on a patient’s ability to rehabilitate accordingly cannot 

be underestimated. 

  

Introduction 
 

      Fractures of the distal radius represent one of the most 

common orthopedic injuries encountered making up some 15-

20% of all fractures [1], with 50% of this displaying intra-

articular extension [1]. As with all the majority of trauma 

injuries, a bimodal distribution exists with regards incidence 

as young patients sustain these injuries via high energy 

transfer and elderly patients with lower impacts such as a fall 

from standing. Treatment modalities vary from conservative 

measures such as closed manipulation and casting, to surgical 

intervention such as closed manipulation and fixation with 

Kirschner wires or open reduction and internal fixation (O.R.I.F.) 

using plates and screws.  

 

      Whilst a definitive treatment plan is lacking in an elderly 

population [2, 3] it is widely accepted that these injuries can 

be inherently unstable with casting alone proving insufficient 

to maintain fracture reduction [4]. An injury more commonly 

seen in the elderly population, treatment goals vary in this age 

category. Those who lead a less active lifestyle are able to 

tolerate a reduction of function, with attainment of pain relief 

being the mainstay of treatment. Younger active patients who 

demand a more active lifestyle warrant a more aggressive 

approach requiring O.R.I.F. and anatomical reduction of the 

articular surface being the objective of treatment. It is this 

patient cohort that this document is focused on. 

 

      Screw length and penetration of the articular surface is a 

concern when performing distal radial ORIF [5, 6]. Patients 

who undergo wrist ORIF are often of a younger and more 

active persuasion who take part in sporting recreation. Much 

has been done in the literature to suggest optimal imaging for 

detection of screw penetration [7-9]. With inadequate screw 

position in distal radial fractures, it is not only destruction of 

the joint surface and obstruction to movement that poses a 

potential greater threat to long term outcome but further surgeries 
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in order to remove malpositioned metalwork leads to greater 

surgical destruction and scar tissue formation. 

  

Anatomy 

 

      The distal radius possesses three separate articular 

surfaces; these are the scaphoid and lunate facets and the 

sigmoid notch. The latter forms the distal radioulnar joint 

(D.R.U.J.) with its articulation with the ulna and is located on 

the radius’ ulna aspect proximal to the lunate facet. The 

scaphoid and lunate facets articulate with the corresponding 

carpal bones respectively. The triangular fibro cartilage 

complex (T.F.C.C.) articulates with the lunate and triquetrum 

providing support at the ulna aspect of the wrist. 

 

      A complicated pivot joint responsible for pronation and 

supination, 80% of axial load is supported by the radius with 

the remaining 20% by the ulna. Variation in radial alignment 

can lead to an increase in the load transferred to the ulna. 

Radial deformity alters wrist kinematics, especially shortening, 

which in turn alters load transfer.  

 

       With fractures of the distal radius, ligamentous attachments 

remain intact which permits ligament taxis fracture reduction. 

Brachioradialis acts as a deforming force and is a solitary 

muscle attaching to the distal radius, its release is often warranted 

in order to achieve fracture reduction. 

 

Methods of Fixation and Volar Locking Plates 

 

      Fracture pattern, level of function, age and bone quality 

will dictate which method of fixation is adopted. Those that 

are available include closed reduction and percutaneous pinning, 

external fixation, dorsal plating and volar fixed-angle plating. 

Low profile, fixed-angle devices provide an excellent option 

for treatment of distal radial fractures and are seen as a major 

improvement in orthopedic surgery. This document is aimed at 

volar locking plates. 

 

      This method of surgical fixation has gained popularity due 

to satisfactory surgical outcomes. Locked distal screws 

provide support and stabilisation to the distal comminuted 

fragments whilst proximal fixation of the plate permits a stable 

three-dimensional construct. These devices provide inherent 

stability based on the metal-bone construct and can therefore 

also be utilised with less comminuted fractures that exhibit 

instability. Specific advantages when utilising this method of 

fixation include direct fracture reduction allied with stable 

fixed-angle support thereby permitting early active wrist 

rehabilitation. Biomechanical data suggests that when these 

devices are loaded to failure, volar fixed-angle plates 

demonstrate significantly increased strength when compared 

to dorsal plating [10]. This method of fixation has proved 

advantageous in elderly osteopaenic patients, for high-energy 

comminuted fractures and patients who have developed 

fracture mal-union warranting osteotomy. 

. 

      Whilst they have proven very successful in the treatment 

of distal radial fractures, complications such as flexor pollicis 

tendon rupture [11] do exist due to inadequate screw penetration. 

It is the role of intra-operative fluoroscopy allied with surgical 

technique that is used to ensure this complication does not 

occur. However, despite standard intra-operative imaging, screw 

penetration can be missed. 

 

Objective 

 

      To demonstrate standard intra-operative imaging used in 

the detection of articular screw penetration, when performing 

fixation of distal radial fractures, can miss breaches of the 

articular surface due to metalwork. 

 

Materials and Methods 
 

      We performed a prospective study in conjunction with the 

local radiology department. Ethical approval was not required 

as patients were not used directly in this investigation. Data 

was gathered prospectively and images were taken in 

conjunction with local radiology policy. In order to objectify 

the study, a different surgeon elected to select the saw bones 

model which was going to represent a distal radius demonstrating 

articular screw penetration.  

 

      Using saw bones, a volar locking plate was applied using 4 

distal locking screws and 1 proximal screw to a distal radius 

and ulna model. By the same surgeon who had selected the 

model. The distal locking screws were inserted in such a 

manner that each penetrated the corresponding cortical bone 

or the articular surface (Figure 1).  

 

      4 surfaces of the distal radius were perforated with screws 
manually under the guidance of the image intensifier; these 

were the radio-ulna joint, radial articular surface, ulna radial 

border and the dorsal radial surface. (Figure 1) demonstrates 

the sites of the screw penetration and the model that was used 

to assess screw position. Using this saw bones model and the 

image intensifier a different surgeon used fluoroscopic images 

in order to assess if screw penetration was visible using this 

standard intra-operative technique. Standard views were taken 

and those that would not usually be possible as the saw bones 

model allowed a greater degree of freedom than is usually 

tolerable when operating on patients. This was done to 

accurately assess if screw penetration could have been 

masked. 
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Figure 1: Saw bones model demonstrating screw penetration of the distal radius. The articular surface has clearly been breached. 

 

Results 
 

      Under image intensification, images demonstrated that 

screw penetration had not occurred. As exampled by (figure 

1), the degree of screw penetration witnessed on the imaging 

was significantly underestimated. 

 

(Figure 2) is an oblique image taken of the distal radius, a 

radial to medial Kirshner wire has been placed for positional 

orientation. The image demonstrates all screws to be adequately 

positioned within bone.  

 

(Figure 3) is an anteroposterior view taken of the corresponding 

saw bones model. When correlated with figure 1, the degree of 

screw penetration is again masked.  

 

(Figure 4) represents a true lateral view. The degree of metalwork 

within the joint remains hidden. 

 

 
 

Figure 2: Oblique view demonstrating underestimation of 

screw penetration with screws appearing within bone. 
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Figure 3: Antero-posterior view demonstrates screw 

penetration is masked. 

 

 
 

Figure 4: A true lateral view of the saw bones model with an 

equivalent volar locking plate applied. 

 

Conclusion 
 

      The authors have demonstrated that screw penetration was 

masked when using standard intra-operative views for assessment 

of the articular surface during ORIF of the distal radius. The 

model that was used permitted even greater freedom of 

movement and despite this, screw penetration was missed. 

This is particularly important as even less movement is 

afforded when operating on patients which bring even greater 

risk of missing malpositioned metalwork. 

 

      Whilst much data has been produced on how best to 

visualise screw penetration with the advocation of specific 

views and comparisons being made of existing ones available 

[12], it still proves difficult to produce a valid and robust 

technique to permit exclusion of intra-operative screw 

penetration. Our study is a novel examination in assessment of 

volar locking plate fixation with previous studies utilising 

cadaveric tissue that has highlighted the difficulties placed 

with this common place surgical procedure. Surgeons must 

remain vigilant as patients who require a higher level of wrist 

movement and function for example in those taking part in 

racket sports are at greater risk of long term sequelae with 

inadequate metalwork position. 

 

Discussion 
 

      As commented in this document and throughout the 

literature, use of volar locking plates is increasing in the treatment 

of distal radial fractures. This increase in its utilisation has 

brought with it a greater awareness of the complications. 

Earlier work has highlighted the need for further intra-

operative images in addition to standard postero-anterior (PA) 

and lateral radiographs with anatomically tilted images 

demonstrating vital supplementary views when assessing 

screw penetration [13]. Specific supplementary views have 

been evaluated with the use of computerised Tomography [14] 

with others advocating specific screw lengths [15].The need 

for supplemental images in addition to standard AP and lateral 

images was supported further by an interesting recent study by 

Patel et al. (2013) [16]. The authors in this study set out to 

examine the effect of additional lateral tilt images when 

assessing screw penetration in distal volar locking plate 

fixation. Their data concluded that supplementary views 

improved the ability of those evaluating screw lengths, regardless 

of training level. 

  

      Reports of prominent screw tips beyond the dorsal cortex 

are increasing. An interesting study by Park and Goldie, 

(2012) [17] commented on the difficulty in assessing screw 

length on fluoroscopy owing to the size of the valley depth in 

the intermediate column located between Lister’s tubercle and 

the sigmoid notch of the distal radius. Using computed 

tomography (CT) or magnetic resonance imaging (MRI) they 

discovered that in their assessment of 33 wrists using either 

treatment modality, 99% of patients possessed a valley depth 

of at least 2mm. They concluded that when using fluoroscopy 

peri-operatively, standard lateral views or oblique views were 

not adequate when assessing screw length.   

 

      Maschke et al. (2007) [18] in their cadaveric study have 

published their results when assessing dorsal screw penetration 

radiographically.  Fixed angle, distal volar locking plates were 

applied to the upper extremities of eight fresh frozen human 

cadavers. Lateral, supinated and pronated views were taken 

fluoroscopically, proceeded by dissections of the wrist and 

comparisons of screw depth made. They advocated the use of 

oblique pronosupination views in order to assess screw length 

with standard postero-anterior and lateral intraoperative 

radiographs. They demonstrated that for example screws used 

for the most radial distal locking screw were on average 6.5 

mm prominent before radiographic detection for lateral views 

and 2 mm for supinated views. Pronated views did not detect 

prominent screws. 
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      Some authors have advocated the implementation of more 

specific radiographic views when assessing screw penetration 

[19]. The authors of this particular study commented on an 

articular wrist series with an antero-posterior (AP) image 

taken at 11 degrees elevation with a supplementary lateral of 

23 degrees elevation. These additional two radiographs 

permitted a parallel image of the radiocarpal joint to be 

visualised. 

 

      Much work on this important surgical consideration has 

been documented in the literature. An earlier cadaveric study 

by Soong et al. (2009) [20] examined screw penetration using 

a standard PA, tilt PA with 11 degrees elevation, standard 

lateral and 3 tilt lateral views with 15, 23 and 30 degrees of 

elevation respectively. They suggested first placing ulnar 

screws with their position confirmed using lower angle tilt 

radiographs varying from 15 to 23 degrees. They suggested 

placement of the radial styloid screw to be performed finally 

and its evaluation conducted using PA and tilt PA views. 

 

      Much work has been performed in order to optimise the 

surgeon’s ability to assess screw penetration with volar 

locking late fixation. Some authors have gone on to conclude 

15˚ of inclination is optimal for assessment [21], with others 

stating 20˚ in the horizontal plane and 5˚ in the sagittal plane 

combined with a radial groove view is best [22]. There are 

those who have recommended the use of rotational fluoroscopy 

whilst maintaining that no combination of imaging permits 

accurate assessment of screw penetration [23]. There is 

evidence in the literature that three dimensional fluoroscopic 

imaging may be superior to tangenital views when assessing 

screw penetration [24] however this modality is not readily 

available and the authors from the same paper did admit dorsal 

tangential views are adequate when used accurately and 

diligently. 

 

      Inadequate metalwork position is not acceptable in any 

patient population but the authors stress the importance in 

distal radial fracture fixation in this article due to the impact 

on a younger and more active case mix. 
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