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Objectives: To evaluate inter-rater reliability of the modified Radiographic Union Score for
Tibial (mRUST) fractures among patients with open, diaphyseal tibia fractures with a bone defect
treated with intramedullary nails (IMNS), plates, or definitive external fixation (ex-fix).

Design: Retrospective cohort study.
Setting: 15 level one civilian trauma centers; 2 military treatment facilities.

Patients/Participants: Patients >18-years-old with open, diaphyseal tibia fractures with a bone
defect >1 centimeter surgically treated between 2007 and 2012.

Intervention: Three of six orthopaedic traumatologists reviewed and applied mRUST scoring
criteria to radiographs from the last clinical visit within 13 months of injury.

Main Outcome Measurements: Inter-rater reliability was assessed using Krippendorff’s
Alpha (KA) statistic; Intraclass correlation coefficient (ICC) is presented for comparison to
previous publications.

Results: 213 patients met inclusion criteria including 115 IMNSs, 24 plates, 29 ex-fixes, and 45
cases that no longer had instrumentation at evaluation. All reviewers agreed on the pattern of
scoreable cortices for 90.4% of IMNs, 88.9% of those without instrumentation, 44.8% of rings,
and 20.8% of plates. Thirty-one (15%) cases, primarily plates and ex-fixes, did not contribute to
KA and ICC estimates because <2 raters scored all cortices. The overall KA for the 85% that
could be analyzed was 0.64 (ICC 0.71). For IMNSs, plates, ex-fixes, and no instrumentation, KA
(ICC) was 0.65 (0.75), 0.88 (0.90), 0.47 (0.62), and 0.48 (0.57), respectively.

Conclusions: In tibia fractures with bone defects, the mRUST appears similarly reliable to prior
work in patients treated with IMN but is less reliable in those with plates or ex-fixes, or after
removal of instrumentation.

Level of Evidence: Diagnostic, Level |

Keywords

radiographic union; bone defect; mMRUST score; inter-rater reliability; tibia fracture; fracture
healing

Introduction

Limited consensus exists regarding the exact definition of a “healed fracture.”13
Radiographic evaluation of union is used to augment observed clinical outcomes such as
presence of pain with bearing weight, or tenderness with palpation of the fracture site. In an
attempt to make this assessment more objective, Whelan et al developed a scoring system
based on the appearance of each of the cortices on the anteroposterior (AP) and lateral
radiographic views of tibial diaphyseal fractures treated with intramedullary nails (IMN),
which they referred to as the Radiographic Union Score for Tibial (RUST) fractures.* Two
orthopaedic residents, two community orthopaedic surgeons, and three orthopaedic
traumatologists rated 45 sets of radiographs, and they reported an intraclass correlation
coefficient (ICC), a measure of inter-rater reliability, of 0.86. To expand utilization of this
scoring system, Litrenta et al analyzed its reliability and applicability to patients with
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metadiaphyseal fractures.> This application included an important change to the range of the
score where the investigators subdivided the category “no fracture line, bridging callus” into
two distinct categories: “callus present” and “bridging callus.” The resulting modified RUST
(mRUST) has a maximum score of 16 compared to the maximum standard RUST score of
12. Using 27 sets of radiographs of metadiaphyseal distal femur fractures rated by 12
orthopaedic trauma surgeons, the authors found slightly higher inter-rater reliability for the
MRUST than the standard RUST (ICC 0.68 vs. 0.63). This finding held for the subgroup of
patients treated with nails (mRUST ICC 0.74; RUST ICC 0.67) and for the subgroup treated
with plates (MRUST ICC 0.59; RUST ICC 0.53).

Several studies assessing the utility of the RUST and/or mRUST have considered them to be
“valid” or “valid and reliable” in adult patients with tibia diaphyseal fractures treated with
IMN.4-10 RUST and/or mRUST criteria have also been applied in other patient populations
such as in pediatric Osteogenesis Imperfecta patients,1! pediatric congenital tibial
pseudoarthrosis (Neurofibromatosis Type 1) patients,12 and adult high-tibial osteotomy
patients (modification of RUST criteria).13 However, no published studies have examined
the reliability of any cortical scoring system in patients with bone defects, nor in a cohort of
patients treated with definitive external fixation. The current study evaluated inter-rater
reliability of the mRUST at both the composite and cortex level in a cohort of patients with
operatively treated open tibia shaft fractures with associated bone loss.

There were 739 patients initially identified in a retrospective review of long bone fractures
treated with definitive surgical stabilization between June 2007 and May 2012 from 15 level
one civilian trauma centers and two military treatment facilities as part of the Major
Extremity Trauma and Rehabilitation Consortium (METRC)14 RETRODefect study.
Included were skeletally mature patients (=18-years-old) with a bone defect of =1 centimeter
in length and =50% cortical loss. For the purpose of segmenting the results, the defect size
was defined as the average bone loss measurement across the anterior, posterior, medial, and
lateral cortices on the first post-fixation radiograph. Inclusion for this current study was
limited to patients with open, diaphyseal tibia shaft fractures (AO/OTA 42)1> who had final
AP and lateral radiographs between 3 and 13 months after definitive fixation and who did
not undergo an amputation prior to the final radiograph. Patients with more than one type of
definitive fixation instrumentation (e.g., both IMN and plating) seen on the final (rated)
radiograph were excluded. Radiographs for all potential cases were reviewed by a senior
orthopaedic traumatologist to confirm that selection criteria were met.

Six experienced, fellowship-trained orthopaedic trauma surgeons participated in the mRUST
scoring process. Each case was reviewed by exactly three surgeons, assigned at random,
from this pool of six. The raters were blinded to the initial radiographs, defect size, and bone
grafting status. Reviewers were provided information on injury date, fixation date, and the
time elapsed between injury and radiographs. Raters were instructed to score each case
using mRUST criteria. Each of the cortices (four total) on the AP and lateral radiographs
were graded as: 1 = No callus; 2 = Callus present without bridging; 3 = Bridging callus, but
visible fracture line; 4 = Fracture line not visible (remodeled). The mRUST score is the sum
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of the four cortical scores (range, 4-16). Each cortex was scored individually. In some cases,
assigned reviewers did not score a cortex because they felt they could not adequately assess
the injury due to problems such as an obstructed view of the fracture site. At least two out of
the three assigned raters for each case must have scored all four cortices in order for the
scoring to be included in sum total MRUST analysis. In the event of multiple, discrete
defects, reviewers were instructed to score the area of the largest defect.

Inter-rater reliability was assessed for the sum total mRUST score as well as for the score
given to each cortex. Results were stratified by the type of instrumentation seen on the
radiographs at the time of evaluation: IMN, plate, definitive external fixation, or none
(indicating previous removal of all instrumentation). Reliability of the sum total mMRUST
score was also assessed based on (a) presence/absence of bone grafting, (b) time from
grafting to scored radiograph (30-90 days and >90 days), and (c) defect size: small (<2.5
cm), medium (2.5-5.0 cm) and large (>5.0 cm).

Krippendorff’s Alpha (KA) statistic, appropriate for ordinal data, was the primary method
used to assess inter-rater reliability.16-17 ICC, appropriate for continuous data, is presented to
enable comparison to previous work.® For both KA and ICC, a value of 1 indicates
complete agreement among raters. Visual displays of agreement/disagreement of raters
within individuals are also presented to aid interpretation. Analyses were conducted in R
3.4.2 (R Foundation for Statistical Computing, Vienna, Austria) and STATA (StataCorp
LLC, College Station, TX, USA).

Among the 739 patients identified as eligible for the RETRODefect study, 213 patients
(Figure 1) including 183 males and 30 females, with an average age of 34.3 years (range,
18-68) met the selection criteria for this analysis. The average time between initial definitive
fixation and the rated radiographs was 294+85 days. The average bone defect size was
3.6+2.9 cm. Initial definitive fixation was accomplished using an IMN in 118 (55%) cases,
plate and screws in 24 (11%), or multiplanar (ring) external fixator in 71 (33%). There were
63 cases (30%) in which the final radiograph had either no fixation instrumentation (n=45)
or different instrumentation from the initial definitive fixation (n=18). Of the 45 patients
who had no instrumentation, 41 were originally treated with definitive external fixation.
Bone grafting was performed in 109 (51%) subjects at an average of 188+90 days prior to
the scored radiographs.

Of the 213 patients that met selection criteria, all 4 cortices could be scored by all three
reviewers for 158 (74%) cases, by two of three reviewers for 24 (11%) cases, by one of three
reviewers for 21 (10%), and by zero of three reviewers for 10 (5%) cases. Thus, there were
182 (85%) cases contributing to the estimation of KA and ICC scored by =2 raters. There
were 31 (15%) cases scored by <2 raters that could not contribute to the estimate of KA and
ICC (Table 1). Of these excluded cases, 14 patients had a plate (58% of plated patients), 11
had a ring (38% of rings), 5 had an IMN (4% of IMNSs), and 1 patient had no
instrumentation (2% of patients with no instrumentation). Thus, the majority of the non-
contributing cases had either a plate or ring seen on the rated radiograph (25 out of 31,
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81%), suggesting an obstructed view of the fracture callous secondary to the
instrumentation. Among the 182 contributing cases, 104 of 110 IMNs (95%), 3 of 10 plates
(30%), 11 of 18 rings (61%), and 40 of 44 cases with no instrumentation (91%) could be
scored by all three reviewers.

Sum Total mMRUST Analyses

Table 2 summarizes inter-rater reliability of the sum total MRUST scores, and Figure 2
provides a visual display of the concordance of mRUST scores given to each individual case.
The overall KA was 0.64 (95% ClI: 0.54-0.71). The KAs for the IMN, Plate, Ring and No
Instrumentation groups were 0.65 (95% CI: 0.53-0.74), 0.88 (95% CI: 0.60-0.94), 0.47
(95% ClI: 0.13-0.69) and 0.48 (95% CI: 0.28-0.63), respectively.

Cortex-Level Analyses

Among the 213 cases in the initial cohort, all three reviewers agreed on the pattern of
scoreable cortices (i.e., which cortices can or cannot be scored) for 90.4% of cases with
IMNs, 88.9% of cases with no instrumentation, 44.8% of cases still in rings, and 20.8% of
cases with plates. A Table, Supplemental Digital Content 1 displays inter-rater reliability
estimates by cortex, overall and stratified by treatment instrumentation. Overall, the inter-
rater reliability was lower for the lateral and posterior cortices compared to medial and
anterior cortices. When stratified by instrumentation type, inter-rater reliability was lowest
for the lateral cortex in the Ring (KA 0.04) and the “None” groups (KA 0.36), for the
anterior cortex in the Plate group (KA 0.37) and for the posterior cortex in the IMN group
(KA 0.59).

Other Subgroup Analyses

Inter-rater reliability did not differ substantially by presence or absence of bone grafting (KA
0.66 vs. 0.61) or the time from grafting to scored radiograph (KA 0.60 for 30-90 days vs.
0.66 for grafting >90 days). Inter-rater reliability for cases with small (<2.5 cm) and large
(>5.0 cm) defects was comparable (KA 0.60 vs. 0.57); agreement for medium (2.5-5.0 cm)
defects was higher (KA 0.77).

Discussion

Cortical scoring systems have become common tools in reporting radiographic progression
towards union in lower extremity fracture trials. Since the initial description by Whelan et al,
4 the RUST and/or mRUST has been applied to, and reliability assessed in, multiple patient
populations®7:10-12 and in animal studies.1%-21 Among adult patients, the RUST has been
judged to be most reliable in the assessment of diaphyseal tibia fractures that are treated with
an IMN, with reported ICCs ranging from 0.67 to 0.87.46.7:10 The inter-rater reliability of
mRUST in humans was first evaluated by Litrenta et al,> who reported ICCs of 0.74 (95%
Cl: 0.68-0.81) and 0.59 (95% ClI: 0.51-0.67) for metadiaphyseal distal femur fractures
treated with IMNs and plates, respectively.5 In contrast, the current study focused on a
population of patients with open, diaphyseal tibia fractures with a bone defect of at least 1
centimeter with at least 50% cortical loss treated operatively with IMN, plating, or definitive
external fixation, with or without bone grafting. Relative to the Litrenta study,” inter-rater
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reliability, as measured by ICCs, was nearly identical for IMNs (ICC 0.75), but higher for
plates (ICC 0.90).% However, the inter-rater reliability results for plates and rings must be
viewed with great caution as 58% (n=14) of plate and 38% (n=11) of ring cases could not
contribute to the estimation of KA and ICC because they could not be scored by =2 raters.
Additionally, only 13% of plates and only 38% of rings had all 4 cortices scored by all three
reviewers, substantially reducing the utility of this measure in tibial fractures with a bone
defect and treated with plates or rings.

The current study introduces two new subgroups to analysis of the inter-rater reliability of
the mMRUST: patients treated with definitive multiplanar external fixation, and cases with no
instrumentation present due to removal prior to the radiographic evaluation. Metallic
instrumentation can block a raters’ view(s) of the cortices; inter-rater reliability for cases
with external fixators in place might be expected to be similar to the Litrenta study of plating
(ICC 0.59), although they did not report difficulty with scoring radiographs.® In fact, the
ICC for external fixators was 0.62, but this is based on a subset of only 62% cases that could
be scored by =2 raters. Conversely, inter-rater reliability for cases with no instrumentation
was expected to be at least as high as IMNs (ICC 0.74)° since there were no implants
blocking the view of the cortices. However, the inter-rater reliability was lower than
anticipated with an ICC of 0.57. Notably, the majority of the cases with no instrumentation
(n=40/45) were initially treated with definitive external fixation. We hypothesize that the
relatively low level of reliability may be due to the severity of the original injury in patients
treated with definitive external fixation as these were frequently grafted and can heal with an
abnormal appearance to the tibia with the potential for less discrete cortices (Figure 3).
Further, the mRUST scores can be influenced by the amount of fracture callus present, so
differences in agreement may also be due to the different biomechanical environments seen
in patients treated with IMN vs. plates vs. ring fixators.>

Nearly all prior RUST and mRUST studies examined narrowly defined patient populations.
4-7.10-12 | the current study there was relatively greater heterogeneity in treatment.
Specifically, inclusion was not limited to a specific fixation device at the time of initial
definitive fixation surgery. Some subjects in this study underwent revision fixation surgery
and either had additional, or entirely different, instrumentation seen on the final rated
radiograph. In nearly one-third of cases (n=63/213) the instrumentation present on the rated
radiographs was different than the initial definitive fixation (e.g., patient initially treated with
plating was later converted to IMN, patient initially treated with a ring fixator had it
removed, etc.). Although patient selection criteria was limited to only three types of
definitive fixation, there were four different groups based on the type(s) of, or lack of,
instrumentation present on the rated radiographs. Thus, the results of the present study may
be more generalizable to real-world orthopaedic trauma populations.

Cortical scoring has been shown to correlate both with clinical markers of fracture healing®
and with biomechanical healing.2921 Previous analyses®2 suggest an mRUST threshold of
13 to define radiographic union. Out of the 182 included patients, 39 (18%) had =1 score
above and another score strictly below this threshold (IMN: 15%, None: 38%, Plate: 0%,
Ring: 17%) (Figure 2). These results show marked variability in mRUST scoring around the
union threshold based on one set of radiographs per patient, measured generally late in the
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healing process (mean/median 294/321 days after initial definitive fixation). Given that
mRUST is used for assessing progress toward union, our study would have greater
generalizability for the assessment of fracture union in this population if the reviewed
radiographs were more uniformly distributed along the healing continuum.

The limitations in this study include those inherent to any uncontrolled, retrospective study:
heterogeneity of the patient population, variability in length of follow-up, and challenges
with collection of data from multiple centers by multiple research staff. There were 31
(15%) subjects who were excluded from our estimates of inter-rater reliability analysis
because their radiographs could not be scored by =2 raters. \We were unable to account for
this disagreement in reviewers’ ability to score radiographs because typical consensus
models do not account for raters that abstain from rating. If accounted for, this disagreement
would certainly have lowered inter-rater reliability estimates. Thus, the reported KA and
ICC from our study are not fully representative of the true inter-rater reliability, particularly
for patients with plates or multiplanar external fixators. The high exclusion rates in these
subgroups also limited interpretation and strength of conclusions because of the wide
confidence intervals observed. In addition, cases that underwent bone grafting were not
excluded from analysis: 17 (16% of grafted cases) of these cases were within 90 days of
grafting surgery, 14 of which were included in the inter-rater reliability analysis. Although
we did not find a difference in the inter-rater reliability of grafted cases between 30-90 and
>90 days after grafting, some surgeons may find it difficult to accurately score radiographs
close to the time of graft surgery. Lastly, the raters in our study were highly-experienced
orthopaedic traumatologists, suggesting that our estimates of inter-rater reliability could be
higher than might be expected when applied to the broader community of surgeons.

In this retrospective study, the mRUST appears similarly reliable to prior studies in the
evaluation of patients with open, diaphyseal tibia fractures with associated bone defects
treated with intramedullary nails, but the use of this cortical scoring either in patients treated
with plates and with ring fixators or in cases with removal of all instrumentation is less
reliable. Since the assessment of fracture union continues to be a challenging task for
orthopaedic surgeons, especially among patients with open, diaphyseal tibia fractures with
associated bone defects, a prospective, controlled study is needed to definitively assess the
utility of this tool in patients with bone defects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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739 enrolled into original
RETRODefect Study

143 late ineligible or

administrative withdrawal
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fracture

265 diaphyseal tibia
fractures

e 27 humerus
e 230 femur

\ e 74 tibia, not shaft

W
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the final radiographic
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Figure 1. Flow Diagram of Patient Selection
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21 with X-rays not useable
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final X-rays
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Modified RUST Score

NA 1

Page 11

IMN None Plate

Ring

Alpha = 0.65 (0.53, 0.74) Alpha = 0.48 (0.28, 0.63) Alpha = 0.88 (0.60, 0.94)
ICC=0.75 (0.68, 0.81) ICC=0.57(041,0.72) ICC =0.90(0.72, 0.97)

XXXX8 X XXXXXX X X SIBIBIRIRE

............................................. T

Figure 2. Visualizing disagreement in mRUST by type, or lack of, instrumentation visible on final
radiograph applied to 213 cases.

Each rater is represented by a symbol with “/”, “X”, and “®” representing agreement among
the three raters. Presence of the “X” symbol indicates that two (of three) raters were in
perfect agreement for a given case, and presence of the “®” symbol indicates that all three
raters were in perfect agreement. The “/”” symbol indicates that a single rater provided a
different assessment than the other raters. For included cases, the vertical line segment
connects the minimum and maximum scores for a single patient. The figure is stratified into
four panels by instrumentation group. Within each panel, scoring disagreement (as measured
by the length of the line segments) increases from left to right; non-contributing cases (=2
N/As) are placed furthest to the right. Multiple cases straddle a previously defined score
indicating union (MRUST=13 (blue line)). Thirty-nine (18%) cases had =1 score above and
another score below the threshold (IMN: 15%, None: 38%, Plate: 0%, Ring: 17%).

“IMN” indicates intramedullary nail; “None” indicates cases with no instrumentation seen
on rated radiographs; “N/A” indicates that a score could not be computed; Alpha indicates
Krippendorff’s Alpha; ICC indicates Intraclass Correlation Coefficient
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Figure 3. Radiographs from a patient with a clinically healed tibia fracture showing persistent
abnormal appearance of the bone

This is an example of a case that may be unreliably scored under the mRUST protocol.
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Table 1.

Treatment and Injury Characteristics among Patients With and Without at Least Two Valid mRUST Scores
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Entire cohort | <2 Valid mRUST Scores | =2 Valid mRUST Scores
Total N 213 31 (15% )r 182 (85% )i
Instrumentation on rated X-rays
IMN 115 5 (4%) 110 (96%)
Defect size
<2.5¢m 73 3 (4%) 70 (96%)
2.5-5.0cm 23 2 (9%) 21 (91%)
>5.0 cm 19 0 (0%) 19 (100%)
ORIF w/ plate 24 14 (58%) 10 (42%)
Defect size
<25¢m 12 7 (58%) 5 (42%)
2.5-5.0 cm 9 5 (56%) 4 (44%)
>5.0 cm 3 2 (67%) 1 (33%)
External Fixator 29 11 (38%) 18 (62%)
Defect size
<2.5cm 9 2 (22%) 7 (78%)
25-50cm 6 4 (67%) 2 (33%)
>5.0 cm 14 5 (36%) 9 (64%)
None 45 1(2%) 44 (98%)
Defect size
<25¢m 15 1 (7%) 14 (93%)
2.5-5.0 cm 14 0 (0%) 14 (100%)
>5.0 cm 16 0 (0%) 16 (100%)
Time to X-rays 294 + 85 299 + 88 293 £ 85
Bone defect size
<2.5¢m 109 13 (12%) 96 (88%)
2.5-5.0cm 52 11 (21%) 41 (79%)
>5.0 cm 52 7 (13%) 45 (87%)
Bone grafting status
No 104 13 (12%) 91 (88%)
Yes 109 18 (17%) 91 (83%)
¢= row %
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