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Abstract 

Introduction: The Radiological healing score for tibia is a useful instrument to quantify fracture healing in 

tibial fractures. It is a validated score showing strong to almost perfect agreement between observers. The 

present study tends to evaluate the results of the score when applied on open tibial fractures stabilized with 

an intramedullary device. 

Material and Methods: 60 cases of open tibial fractures that underwent intramedullary nailing were 

evaluated for fracture healing using the RUST score. 40 prospective cases and 20 retrospective cases were 

evaluated radiographically using standardized radiographs. Four observers, two of whom were orthopedic 

surgeons and two were radiologists, independently evaluated the radiographs to determine a score. 

Interobserver reliability and Intraobserver reliability was statistically calculated using the interclass 

correlation co-efficient (ICC). 

Results: This was a longitudinal cohort study involving 60 patients who were treated for open tibial 

fractures. At 6 months the median RUST scores for all 60 patients were 9.5. At 6 months the interobserver 

agreement was excellent and statistically significant (ICC 0.911). 

For the prospective cases, The Inter-rater agreement amongst observers for RUST score was found to be 

good and statistically significant at 6 weeks (ICC 0.872) that improved to excellent at 6 months (ICC 0.962). 

Discussion: Radiological assessment of fracture healing is accepted universally due to its availability and 

low costs. However, it is still a subjective interpretation of data and can be misleading. The RUST score 

tends to address these shortcomings by applying a numerical value to various parameters visible on 

radiographs. To avoid the pitfall of subjectivity, the score has been subsequently validated in studies 

applying inter and intra observer reliability when independently observed by number of evaluators. This 

study tends to confirm that there is an almost perfect agreement amongst observers across various 

specialties when the RUST score is applied for open tibial fractures treated with intramedullary nailing.   

Keywords- Tibial fractures, RUST score, Intramedullary nailing, Interobserver reliability. 
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Introduction 

Tibia is the commonest long bone to be fractured 

with a frequency of about 26 fractures per 100,000 

population per year. Tibial fractures are 

approximately three times more common in males 

than in females. The average age of patients who 

sustain a tibial fracture is thirty-seven years. In 

males, tibial fracture are more common in young 

adults and are generally attributed to higher 

energy trauma such as motor vehicular accidents. 

The subcutaneous position of the tibia leads to 

higher incidence of fractures and to less soft tissue 

coverage, there is an increased incidence of 

impaired healing. Impaired fracture healing leads 

to prolonged disability, with extra burden on the 

patient 
(1)

. 

Progression of healing in diaphyseal tibial 

fractures is determined by clinico-radiological 

findings but there is no universally accepted 

method to evaluate fracture union. Recently 

researchers at the University of Toronto and 

McMaster University have developed a 

radiographic union score for tibia (RUST). The 

score is evaluated on two orthogonal radiographs 

for appearance of bridging callus and 

disappearance of fracture line 
(2-8)

.  

The aim of this study was to evaluate the inter-

observer and intra-observer reliability of RUST 

score amongst four observers (2 radiologists and 2 

orthopedic surgeons) in open tibial fractures 

treated with intramedullary nail. Most studies in 

literature have used a variable mixture of closed 

and open tibial fractures to apply the RUST score. 

The treatment modalities used have also been 

diverse. We have used the RUST score for only 

open tibial fractures treated with a single modality 

of stabilization. 

 

Materials and Methods 

This is a longitudinal study approved by the 

institutional ethics committee. Prior to enrolment 

in the study, informed consent was obtained from 

all patients after explaining the whole procedure 

to them. We included 60 patients with open 

fracture of tibial diaphysis treated with 

intramedullary nail with two sets of anteropo-

sterior (AP) and lateral digital radiographs of the 

leg including the knee and ankle joins done on 

Discovery XR-650/656 digital X-ray machine by 

GE with bucky at 100cm from the limb and 

printed on a 14x17” film.  

Of the 60 patients, forty were prospective and 20 

retrospective over a period of 2 years. For 

retrospective cases X-rays were done at 6 months 

post-operative period, as this was considered ideal 

to define fracture healing. 

Patients with pathological fractures, closed 

fractures and open tibial fractures treated with a 

method of stabilization different from 

intramedullary nail, patients with chronic arthritis, 

vascular disorders or peripheral neuropathy and 

patients with another fracture in the same 

extremity were excluded from the study. 

The RUST scoring system was applied based on 

the assessment of fracture healing at each of the 

four cortices (i.e. medial and lateral cortices on 

the antero-posterior X-ray, anterior and posterior 

cortices on the lateral X-ray), each cortex received 

a score of:  

1 point-if there was a fracture line with no callus 

2 points- if there was a fracture line but with 

visible callus and  

3 points- if there was a bridging callus and 

fracture line not invisible. 

The individual cortical scores were added to give 

a total score of 4, which was the minimum score 

indicating that the fracture union was incomplete 

and 12 being the maximum indicating that the 

fracture had healed completely. Radiographic 

union was defined when the callus was evident on 

at least 3 cortices on standard AP and lateral 

radiographs with RUST score of ≥7 

It was a blind study with 2 radiologists and 2 

orthopedic surgeons who independently viewed 

the radiographs. They were not involved in the 

selection of radiographs and were blinded to 

patient’s history; age of the fracture and to each 

others interpretation of the films. 

Inter-observer reliability was evaluated by 

comparing the scores given by the observers 
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separately at the initial viewing of the radiographs 

at 6 weeks and at 6 months after surgery. Intra-

observer reliability was achieved by taking the 

RUST scoring of the radiographs again at an 

average period of 6 weeks (range 2-8 weeks) after 

the initial assessment. 

Statistical Analysis- the data collected was 

entered in Microsoft Excel and statistical analysis 

was performed using SPSS software for Windows 

program (21.0 version). The continuous variables 

were evaluated with mean (±SD) or range value 

when required for comparison of the means 

between the observers, interclass correlation co-

efficient (ICC) with its 95% confidence was used. 

A p value of less than 0.001 was regarded as 

significant. ICC was interpreted as follows: - 

0-0.2 indicates poor agreement 

0.3-0.4 indicates fair agreement 

0.5-0.6 indicates moderate agreement 

0.7-0.8 indicates strong agreement 

>0.8 indicates almost perfect agreement 

 

Observations and Results 

This was a longitudinal cohort study involving 60 

patients of open tibial fractures treated with an 

interlocking nail. 20 retrospective and 40 

prospective cases were included in the study. Out 

of these 52 (87%) were male patients and the rest 

were females.  Mean age of the patients was 36+_ 

13.69 (range 18-80 years). The highest number of 

patients (36.67%) belonged to the age group 21-

30 years. 

At six months the RUST score for all 60 patients 

ranged from 4-12 with a mean score of 9.433+_ 

1.98 (median score 9.5) with maximum number of 

radiographs (14) showing a score of 9 (Fig 1). 

Inter-observer agreement at six weeks for the first 

observation and for prospective cases was found 

to be good and statistically significant with an 

Interclass correlation (ICC) of 0.872 (95% 

confidence interval: 0.781-0.928).  For the second 

observation at six weeks, Inter-observer 

agreement was also good with an ICC of 0.820 

(95% confidence interval: 0.676-0.902). 

Inter-observer agreement at six months for the 

first observation and for prospective cases was 

found to be perfect and statistically significant 

with an Interclass correlation (ICC) of 0,962 (95% 

confidence interval: 0.927-0.980). Inter-observer 

agreement at six months for the second 

observation and for prospective cases was found 

to be perfect and statistically significant with an 

Interclass correlation (ICC) of 0.956 (95% 

confidence interval: 0.928-0.975). 

Inter-observer agreement at six months for the 

first observation and for retrospective cases was 

found to be perfect and statistically significant 

with an Intrerclass correlation (ICC) of 0.961 

(95% confidence interval: 0.923-0.983). Inter-

observer agreement at six months for the second 

observation and for retrospective cases was found 

to be perfect and statistically significant with an 

Interclass correlation (ICC) of 0.911 995% 

confidence interval: o.826-0.961). 

The Inter-rater agreement amongst observers for 

RUST score was found to be good and statistically 

significant at 6 weeks (ICC 0.872) that improved 

to excellent at 6 months (ICC 0.962). The inter- 

observer agreement was excellent and statistically 

significant at 6 months for retrospective cases 

(ICC o.961). 

The Intra-observer reliability of the RUST score 

was found to be good and statistically significant 

at 6 weeks (ICC 0.820) that improved to excellent 

at 6 months (ICC 0.956). At 6 months, the intra-

observer reliability of RUST score was excellent 

and statistically significant (ICC 0.911) (Fig 2-8). 
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Fig 1. Anteroposterior and lateral radiographs showing the Application of the RUST score for a tibial 

fracture treated with intramedullary nail 

 

 
Fig 2 Intraobserver scores by the first orthopedic surgeon for prospective cases at 6 weeks 
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Fig 3. Intraobserver scores by the second orthopedic surgeon for prospective cases at 6 weeks 

 

 
Fig 4 Intraobserver scores by the first radiologist for prospective cases at 6 weeks 

 

 
Fig 5 Intraobserver scores by the second radiologist for prospective cases at 6 weeks 
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Fig 6 Intraobserver scores by the first orthopedic surgeon for all cases at 6 months 

 

 
Fig 7 Intraobserver scores by the second orthopedic surgeon for all cases at 6 months 

 

 
Fig 8 Intraobserver scores by the first radiologist for all cases at 6 months 
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Fig 9: Intraobserver scores by the first radiologist for all cases at 6 months 

 

Discussion 

In spite of numerous subjective and objective 

methods available in literature to assess fracture 

healing and consolidation, a reliable and gold 

standard method is yet to be established 
(2-8)

. In 

literature we find a combination of clinical and 

radiological parameters used to assess the 

progress of fracture union. Various authors have 

used these parameters subjectively to define 

fracture healing but what has been lacking is an 

objective method to quantify the same. Modalities 

such as ultrasonography, radionuclide imaging 

and resonant frequency analysis have been used 

primarily in research settings and are either too 

cumbersome or too expensive to be used routinely 

in clinical practice 
(9,10,11)

. 

Wheelan et al evaluated the inter-observer and 

intra- observer reliability for the radiographic 

union score by Hammer et al 
(4,6)

. They used the 

following criteria: “General impression” of 

healing, number of cortices bridged by callus and 

number of cortices showing a fracture line. There 

was a moderate agreement amongst observers for 

surgeon’s “ General impression” (=0.65, 95% CI 

0.59-0.75) and Hammer scale (=0.6, 95% CI 

0.52-0.68). The inter- observer reliability was 

highest for number of cortices showing bridging 

callus ((=0.75, 95% CI 0.61-0.89) and number of 

cortices showing fracture line ((=0.70, 95% CI 

0.56-0.84) but the overall agreement was 

moderate. These observations demanded for the 

development of a better, simpler and more reliable 

radiological scoring method. Subsequently, the 

same authors described the RUST score
(8)

. They 

evaluated 45 sets of radiographs of closed tibial 

shaft fractures treated with intramedullary 

fixation. Seven orthopedic reviewers independ-

ently evaluated the radiographs. Overall agree-

ment was substantial (ICC 0.86, 95% CI 0.79-

0.91). The reliability improved when the observa-

tions were made by traumatologists compared to 

general orthopedic surgeons (ICC 0.86, 

0.81and0.83 respectively). Kooistra et al 

confirmed the strong inter- observer reliability of 

RUST score in aprospective study on 549 sets of 

tibial radiographs (ICC 0.84, 95% CI 0.80-0.87) 

(12). Leow reported a strong agreement between 

five evaluaters with ICC=0.75 (95% CI 0.65-

0.84). They also found that the ICC increased 

from 0.75 to o.79 when the postoperative 

radiographs were available. 

Azevedo et al reported a ICC of 0.87 (95% CI 

0.81-0.91) among evaluators. The reliability 

increased as the experience of the evaluator 

improved: greater reliability amongst traumato-

logists compared to first, second and third year 
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residents (ICC 0.94, 0.80, 0.92 and 0.90 

respectively) 
(5,16,17)

. 

The behavior of Implant bone complex leading to 

fracture healing has been studied in experimental 

conditions
(18)

. This simulation showed a 

secondary pattern of bone healing. In the initial 

phases, bone formation occurred away from the 

fracture gap in the form of external callus. 

Subsequently the bone formation occurred in the 

fracture gap itself. 

In the initial phases of healing, the radiographic 

interpretation should yield a RUST score of no 

more than 8 as disappearance of fracture line 

cannot happen in these phases.  

Radiographic interpretation of fracture healing 

based on presence of external callus and 

persistence or disappearance of fracture line is 

also subject to fallacy. In oblique and spiral 

fractures or oblique tibial osteotomies, the overlap 

of fracture gap and normal bone in AP and Lateral 

radiographs has resulted in false interpretation of 

healing status
(19)

.  

In open tibial fractures, one or more cortices may 

be lost. This is likely to result in a lower RUST 

score with the maximal score not exceeding 9 

even for a fully consolidated fracture. 

Radiological union score for tibia is a validated 

instrument to determine radiological union in 

tibial fractures. This study confirmed that RUST 

score features perfect agreement on inter-observer 

and intra-observer reliability and compliance. The 

inter-observer and intra-observer reliability 

improved with successive observations. 
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