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Introduction 

RUST and mRUST Scores  

The radiograph union score for tibias (RUST) and modified RUST (mRUST) are radiographic scoring systems to 

designed to enable identification of union in tibias 1,2.  

RUST is scored 4-12, mRUST is scored 4-16 1,2. The scores are based upon the degree of callus formation in each 

tibial cortex, figure 1 demonstrates how to score RUST and mRUST.  The literature suggests RUST and mRUST 

are reliable means of predicting union, as they have both demonstrated high inter and intra-observer reliability 

in several studies 2. Neither score has been validated using fractures known to have achieved union, such as 

fractures with a known stiffness value. Studies by McClelland et al (2006) and Davis et al (2004) suggest that us-

ing callus to assess union is a poor method of assessment 3,4. We aimed to assess these new criteria for deter-

mining union using fractures known to have achieved union. 

Litrenta et al., 2015 stated that a RUST score of 8.5 (RUST) and 11.4 (mRUST) equated to union , however their 

study failed to use fractures known to have achieved union to assess RUST and mRUST 2. 

 

IOS External Fixator  

A stiffness of 15 Nm/Degrees measured in two orthogonal planes  is accepted within the literature as a reliable 

and safe measurement of union 5,6. Fracture stiffness translates directly to degrees of movement of a fracture. 

The IOS fixator provides an accurate assessment of whether a fracture has crossed the 15 Nm/degree threshold 

of stiffness and achieved union (Figure 2).  

IOS measures fracture stiffness indirectly, if it cannot be displaced by greater than 1 degree, the fracture has 

achieved union 7. If it is displaced by greater than 1 degree, the bone screw shanks will touch the edge of the 

collet hole, indicating the fracture has not achieved a stiffness indicative of union (Figure 3). All patients in this 

study were managed using IOS fixators applied at RSUH.  

 

 

 

 

 

 

 

 

Aims 

This study aimed to evaluate the efficacy of RUST and mRUST scores as measures of union using fractures that 

were know to have achieved union following management with the IOS external fixator, something that has yet 

to be attempted in the literature.  

Methods and Materials 

Ethical Approval 

Data collection for the service evaluation was carried out in line with Keele Medical School’s ethics committee and RSUH audit depart-
ment’s guidelines. No patient data was removed from the hospital site, and no patient data is identifiable from the data collected. All data 
was collected by Alexander Collingwood (AC) and stored on a hospital computer.  

Patient Database  

The patient database was formed using a prospective list of patients managed with the IOS fixator cross referenced with theatre databases.  
The final database comprised 69 patients managed with IOS external fixator 2010-2017 at RSUH. 

Radiographs were scored retrospectively at point of admission i.e. fresh fracture and post fixator removal when fracture had achieved a 
stiffness of greater than 15 Nm/Degrees therefore was known to have achieved union.  

Implementing RUST and mRUST 

Retrospective RUST and mRUST scoring of IOS patient radiographs was carried out in strict adherence to the protocols outlined by Whelan 
et al (2010) and Litrenta et al (2015) 1,2. RUST and mRUST are both scored based on the presence of callus and absence of fracture line in 
each of the four cortices. RUST is scored out of 12 and mRUST out of 16 1,2. Table 1 highlights the differences between the two scores. 

IOS patient radiographs were scored sequentially by one observer. Because RUST and mRUST is well documented in the literature to have 
strong inter and intra-observer reliability 2. It was deemed unnecessary to have two scorers. All scoring was performed by AC.  

 

Statistical Analysis 

We calculated the mean RUST and mRUST scores for fractures known to have achieved union following management with the IOS fixator, 
the standard deviations and ranges of the RUST and mRUST scores were calculated. To assess whether the mean value of RUST and mRUST 
at union for patients managed with IOS was similar to the value stated to indicate union by Litrenta et al (2015) a one sample T-test was 
performed to detect significant difference between the two means.  

Using the RUST and mRUST scores attributed to patient radiographs which had achieved union, we were able to calculate the percentage of 

fixators that would have been left on too long or removed too early at any given RUST or mRUST score.  

Of the 69 IOS fixator patients identified in the prospective list, only 66 were included in data analysis as 3 patients failed to progress to un-

ion following infection. As they had not achieved union they were no longer included in assessment of the RUST and mRUST scores. 

 

 

Results and Discussion  

Results 

The descriptive statistics of the RUST and mRUST scores for fractures following management with IOS. The range of scores was 4-11 

(RUST) and 4-14 (mRUST). Our mean scores for fractures at union was 7.8 (RUST) and 9.9 (mRUST), lower than the scores suggested to in-

dicate union by Litrenta et al (2015).  

One way T-tests demonstrates a significant difference between the RUST and mRUST scores generated from our study using fractures 

known to have achieved union when compared with the scores proposed to equate to union by Litrenta et al (2015). 

A plot of the percentage of fixators removed too early or too late revealed depending upon RUST or mRUST score revealed that when us-

ing the scores Litrenta et al (2015) stated defined union would result in 5% of fixators left on too long and 75% left on too long using RUST 

and similar figures for mRUST. Using the mean RUST and mRUST values identified at union in our study; a RUST score of 7.8 would result in 

22% removed too early and 32% too late, a mRUST score of 9.9 would result in 29% of fixator removed too early and 10% removed too 

late.  

Discussion 

Although we defined mean scores for RUST and mRUST using fractures known to have achieved union and our results were significantly 

different to the scores proposed by Litrenta et al (2015), we do not believe the RUST and mRUST scores are indicative of union. Our find-

ings suggest that RUST and mRUST are not reliable indicators of union, with wide ranges of scores being attributed to fractures with the 

same degree of stiffness and a high percentage of external fixators being removed too late or left on too long at any given RUST or mRUST 

score. Our findings are in line with McClelland et al (2006) and Davis et al (2004), that radiographic assessment of a fracture guided by cal-

lus formation is not a reliable means of identifying union. 
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Figure 4 Boxplots illustrating significant difference between our mean values for RUST and mRUST and the values Litrenta et al (2015) deemed to equal union (Red dot, Ho). Left: RUST vs Ho 
(8.5) Right: mRUST vs Ho (11.4). 

Figure 5 Scatterplots with connecting line demonstrating percentage of fixators removed too early or too late depending upon which RUST (left) or mRUST (right) score is used to determine 
union. To be at least 95% certain union has been achieved a RUST score of 10 or mRUST of 14 must be reached, this would result in over 90% of fixators left on too long.  

Figure 1  A guide of how RUST and mRUST (RUST2 in this image) are scored on a radiograph of a fractured tibia. Each cortex is scored individually 
according to the degree of callus and presence of fracture gap. 

Table 1 Details the differences between RUST and mRUST (RUST2). Both are applied to all four cortices, with the cumulative score of all four cortices equally the total RUST or mRUST score. 
mRUST defines whether callus is bridging the fracture gap or not, callus bridging the fracture gap can be seen in figure 1 in the lateral cortex. This table was used to guide retrospective scoring of 
the IOS patient fractures.  

Figure 2 Graphic demonstrating the IOS external fixator in place across a tibial fracture . 
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Table 2 Descriptive statistics of the RUST and mRUST scores generated following retrospective analysis of the IOS external fixator patients radiographs following fixator removal 

Figure 3 Bone screw shanks within the collet 

holes. On bending if the screw shank touches the 

collet hole edge, the fracture has not healed. 


