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Objective: This study aimed to evaluate the inter- and intra observer reproducibility of the

radiographic score of consolidation of the tibia shaft fractures.

Methods: Fifty-one sets of radiographs in anteroposterior (AP) and profile (P) of the tibial

shaft treated with intramedullary nail were obtained. The analysis of X-rays was performed

in  two stages, with a 21-day interval between assessments by a group of nine evaluators.

To  evaluate the reproducibility of RUST score between the evaluators, the intra-class corre-

lation coefficient (ICC) with a 95% confidence interval was used. ICC values range from +1,

representing perfect agreement, to −1, complete disagreement.

Results: There was a significant correlation among all evaluators: ICC = 0.87 (95% CI 0.81 to

0.91).  The intraobserver agreement proved to be substantial with ICC = 0.88 (95% CI 0.85 to

0.91).

Conclusion: This study confirms that the RUST scale shows a high degree of reliability and

agreement.

©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora

Ltda. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Reprodutibilidade  do  escore  radiográfico  de  consolidação das  fraturas  da
tíbia  (RUST)

r  e  s  u  m  o
eprodutibilidade inter e intraobservador do escore radiográfico de
alavras-chave: Objetivo: Avaliar a r

íbia

onsolidação da fratura

adiografia

consolidação das fraturas (RUST) da diáfise da tíbia.

Métodos: Foram obtidos 51 conjuntos de radiografias nas incidências anteroposterior (AP) e

perfil  (P) da diáfise da tíbia tratadas com haste intramedular. A análise das radiografias foi

feita  em dois momentos, com intervalo de 21 dias entre as avaliações, por nove avaliadores.

� Study conducted at Hospital do Subúrbio, Salvador, BA, Brazil.
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Para avaliar a reprodutibilidade do escore RUST entre os avaliadores foi usado o coeficiente

de  correlação intraclasse (CCI) com intervalo de confiança de 95%. O valor do CCI varia de

+1, que representa concordância perfeita, a −1, que corresponde a total discordância.

Resultados: Houve uma concordância significativa entre todos os avaliadores: CCI = 0,87 (IC

95%  0,81 a 0,91). A concordância intraobservador mostrou-se substancial, com CCI = 0,88 (IC

95% 0,85 a 0,91).

Conclusão: Este trabalho confirma que a escala RUST apresenta um elevado grau de confia-

bilidade e concordância.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://
Introduction

Tibial shaft fracture is the most common among those of long
bones; it has a high incidence and mainly affects young males
of working age. These injuries result from high-energy kinetic
trauma, such as fall from height and car accidents; the latter
are a major cause of fractures and lead to disability, with high
socioeconomic costs.1–6

The use of reamed locked intramedullary nails for the inter-
nal fixation in the treatment of tibia shaft fractures is well
established in the literature.2 Despite advances in surgical
techniques, local anatomical conditions may contribute to the
onset of complications, such as delayed consolidation and
pseudoarthrosis.7,8

The incidence of pseudoarthrosis after internal fixation
with intramedullary nail has been reported in the literature
as ranging from 5% to 33%, which often results in the need for
secondary intervention or additional treatment to stimulate
bone union.2,3,9,10

Bone consolidation process is a simple biological phe-
nomenon that occurs in stages: hematoma, inflammation,
angiogenesis, cartilage formation (with subsequent calcifi-
cation, cartilage removal, and then bone formation), and
bone remodeling. Complete fracture healing may take several
months, and only occurs after the completion of all stages.2,4,11

From a clinical standpoint, a fracture can be considered
consolidated at the end of the repair phase. The criteria used
for this definition can be subdivided into clinical examination
data (e.g., weight bearing without local pain and lack of mobil-
ity at the fracture site) and patient-related factors (quality of
life).4,7,12,13

Corrales et al.,13 in a review of 77 clinical studies that used
clinical criteria to define the consolidation of long bone frac-
tures, found that the three most commonly used criteria were
absence of pain or tenderness with weight bearing, absence of
pain or tenderness at the fracture site during the examination.

For the radiological evaluation of fractures, plain radiogra-
phy remains the most common method to assess healing.7

Some authors suggest as a criterion to determine fracture con-
solidation the presence of at least three consolidated cortices
observed in two radiographic views (anteroposterior [AP] and
lateral [L]).14
Panjabi et al.,15 in an experimental study, demonstrated
that cortical continuity was the best predictor of fracture
healing, while callus area was the least important predictor.
creativecommons.org/licenses/by-nc-nd/4.0/).

McClelland et al.,15 when studying patients with tibial frac-
tures treated with external fixation, observed a moderate
correlation between radiographic healing and stiffness at the
fracture site. These authors suggested that the presence of
bone callus in two cortices was the best indicator to consider
a fracture as healed.

Various scales and classifications have been proposed to
define fracture consolidation, with a combination of radio-
graphic criteria.5,7,9,10,16

Kooistra et al.2 recommend the use of the Radiographic
Union Scale for Tibial Fractures (RUST) for assessing consol-
idation. This method evaluates two orthogonal radiographic
views; each cortex is attributed points ranging from 1 to 3. A
fracture in the immediate postoperative period will receive the
minimum score, 4, and a fully consolidated considered frac-
ture will be assigned the maximum score, 12. Studies show
that RUST is a simple, systematic, and continuous indicator in
the evaluation of tibial fractures treated with intramedullary
nail.2

This study aimed to evaluate the inter- and intraobserver
reproducibility of the RUST scale in patients treated with
reamed locked intramedullary nail.

Material  and  methods

A retrospective study was conducted to evaluate the intra- and
interobserver reproducibility of the RUST scale.

The study included radiographs of patients with fractures
of the tibial shaft treated with reamed locked intramedullary
nail, aged over 16 years, of both sexes; the exams had good
technical quality, and were made during the follow-up period
(eight weeks to nine months) in AP and L. Patients with patho-
logical fractures, who presented infection or consolidation
delay, or who evolved to pseudarthrosis and needed a new
procedure were excluded.

A total of 77 sets of AP and L radiographs of the tibial
shaft of outpatients treated with intramedullary nails in 2014
were retrieved; 51 sets met  all inclusion criteria. Exams were
selected from the electronic hospital records, in various stages
of consolidation.

Radiographs were made in two stages, with an inter-
val of 21 days between assessments by nine evaluators:

two first-year orthopedic and traumatology residents, two
second-year residents, two third-year residents, and three
traumatologists with over ten years of specialization.
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Table 1 – Radiographic scale of tibial fracture consolidation.

Cortex Visible fracture line,
without callus

Score = 1

Visible fracture line,
with callus

Score = 2

No  fracture line,
with visible callus

Score = 3

Total  score
Minimum 4
Maximum 12

Lateral
Medial
Anterior
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Posterior

mages were simultaneously presented to all evaluators in
n air-conditioned environment using Sony VPL-DX130B

®

mage  projector. Radiographs in AP and L of each patient
ere projected simultaneously, with one minute for each

valuation.
The RUST scale assigns a score for a given set of AP and

 radiographs, based on the assessment of healing in each of
he four cortices visible on these projections (medial and lat-
ral cortices in AP, and anterior and posterior cortices in L).
ach cortex is assigned 1 point if a fracture line without the
resence of callus is observed; 2, if there is callus, but a frac-
ure line is still visible; and 3, if there is callus with no evidence
f fracture line (Table 1).

The scores on each cortex are added, resulting in a
otal value for each set of radiographs; 4 is the minimum

core, indicative that the fracture is not healed and 12 is
he maximum score, indicating that the fracture completely
ured.2,10,17 A score ≥7 is equivalent to a minimum of three

Lateral cortex
Absence of
callus, visible
fracture line

RUST:  1

La
A
ca
fr

R

Medial cortex
Absence of
callus, visible
fracture line
RUST: 1

Anterior cortex
Absence of
callus, visible
fracture line
RUST: 1

Posterior cortex
Absence of
callus, visible
 fracture line
RUST: 1

Lateral cortex
Presence of
callus, absence
of fracture line
RUST: 3 

Medial cortex
Presence of
callus, absence
of fracture line
RUST: 3 

BA

C

Fig. 1 – RUST score in three phases of
cortices with bone callus. A fracture with this score can be
considered as radiologically consolidated17 (Fig. 1).

The examiners did not have access to patient history, age,
fracture time, and any other clinical information. Radiographs
were identified by numbers and only the main researcher had
access to this identification.

The interobserver reproducibility was assessed by compar-
ing the total scores of each observer obtained in the initial
visualization of the radiographs. The intraobserver repro-
ducibility was determined by the comparison of the scores of
the first and second evaluation by each participant.

To evaluate the reproducibility of the RUST score among
raters, the intraclass correlation coefficient (ICC) was used
with a 95% confidence interval. ICC values range from +1, rep-
resenting perfect agreement, to −1, complete disagreement.
The study was approved by the Research Ethics Committee
of the Health Secretariat of the State of Bahia, Opinion No.
788,655.

teral cortex
bsence of
llus, visible

acture line

UST:  2

Anterior cortex
Presence of
callus, absence
of fracture line
RUST: 3 

Posterior cortex
Presence of
callus, absence
of fracture line
RUST: 3 

Medial cortex
Absence of
callus, visible
fracture line
RUST: 2

Anterior cortex
Presence of
callus, visible
fracture line
RUST: 2

Posterior cortex
Presence of
callus, visible
fracture line
RUST: 2

 consolidation: A = 4; B = 8; C = 12.
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Fig. 2 – Distribution of the RUST score in the 1st and 2nd
assessment.

Table 2 – RUST score inter- and intra-observer interclass
correlation coefficient.

Inter-
observer ICC

95% CI

Intra-
observer ICC

95% CI

Traumatologists 0.94 (0.90–0.96) 0.94 (0.91–0.95)
3rd year-resident 0.90 (0.84–0.94) 0.83 (0.71–0.90)
2nd year-resident 0.92 (0.87–0.95) 0.89 (0.84–0.93)

1st year-resident 0.80 (0.67–0.88) 0.87 (0.79–0.90)
General 0.87 (0.81–0.91) 0.89 (0.85–0.91)

Results

The RUST score of the 51 sets of radiographs (AP and L)
ranged from 4 to 12, with a score of 7.53 ± 2.53 (median 7) in
the first assessment and 7.88 ± 2.49 (median 8) in the second
(Figs. 2 and 3).

There was a significant correlation among the evaluators,
with ICC of 0.87 (95% CI: 0.81–0.91). Among traumatolo-
gists, there was greater reliability when compared with first-,

second-, and third-year residents (ICC: 0.94, 0.80, 0.92, and
0.90, respectively; Table 2).

12

11

10

9

8

R
U

S
T

7

6

5

4

a1 a2 a3 a4 a5 a6 a7 a8 a9

Fig. 3 – Comparison of the mean RUST score among
evaluators.
a1, a2, a3; traumatologists; a4, a5, third-year residents; a6,
a7, second-year residents; a8, a9, first-year residents.
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Intraobserver agreement was substantial, with ICC of 0.88
(95% CI: 0.85–0.91). By analyzing the evaluators according to
the degree of training, it was observed that traumatologists
showed a near-perfect reproducibility (ICC 0.94; 95% CI 0.91
to 0.95). Among the residents, the highest ICC was observed
for second-year residents (ICC 0.89), followed by first-year (ICC
0.87) and finally third-year (ICC 0.83; Table 2).

Discussion

Despite the numerous studies related to the development of
scales to assess the radiographic consolidation of tibial frac-
tures, a reliable and effective method, a gold standard, is not
yet established in the literature.18,19

The definition of radiological union is inconsistent due
to the degree of imprecision of the selected variables. Some
investigations use a single parameter, such as the presence of
callus in at least two cortices.5

Several variables are observed when analyzing the evo-
lution of fracture healing, including number of consolidated
cortices and presence of bone callus and fracture line.17,18

Based on these parameters, Kooistra et al.2 developed a radio-
graphic scale to determine the consolidation of tibial shaft
fractures, the RUST scale. Using the presence of callus in
each cortex, associated with the presence of a fracture line,
the hypothesis that the RUST scale would present greater
validity and reliability than other proposed systems was
raised.

The RUST scale assesses the fracture unequivocally and
completely. It presents some advantages when compared with
other methods, among which stands out the fact that each
cortex is evaluated separately, making the scale more reliable,
since each individual cortex contributes to the final score. This
classification is easy to apply, with high inter- and intraob-
server agreement.2,10,17–19

Whelan et al.10 assessed the reproducibility of the RUST
scale when using radiographs of 45 patients treated with
locked intramedullary nails. They observed a correlation
among all evaluators (ICC: 0.86, 95% CI: 0.79 to 0.91), with
a trend toward greater reliability for traumatologists when
compared with orthopedic surgeons and residents, a result
similar to that found in the present study. Ali et al.18 cor-
roborated these results when assessing the reproducibility
between orthopedic surgeons and radiologists. When evalu-
ating radiographs with conservative treatment for fractures
of the tibia, they observed a significant interobserver correla-
tionship. Macri et al.17 observed an interobserver agreement,
assessed by ICC, of 0.93 (95% CI: 0.89 to 0.96).

The ability to bear weight on the fractured limb is directly
related to the bone consolidation phase. This inability can
cause changes in gait; therefore, gait pattern may be a prac-
tical way of monitoring fracture healing. A strong association
between gait pattern and RUST score has been observed.17

By correlating the clinical and radiological criteria, Cekic
et al.19 observed that the RUST score corresponds directly to

the clinical conditions of the patients. Callus in two  or three
cortices were not observed in the images of patients who  had a
high pain index, indicating the accuracy of this score regarding
both the clinical and radiological consolidation.
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onclusion

he present study confirmed that the RUST score features a
igh degree of reliability and compliance. As there is no gold
tandard radiographic classification to evaluate the healing
f tibial fractures, the authors suggest that this is a useful
unctional tool, but more  research relating the radiographic
ndings on clinical examination is needed to establish it as
n essential tool in daily practice.
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