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a b s t r a c t

Background: The purpose of this study is to evaluate the ability of preoperative and postoperative
radiographic union scores for tibia fractures (RUST) to predict treatment success of tibia fracture
nonunion.
Materials and methods: Patients presenting for operative treatment of tibia fracture nonunion were
enrolled in a prospective data registry. Enrolled patients were followed at regular intervals for 12
months. Preoperative and 12 week postoperative radiographs were reviewed and scored using the RUST
criteria. Postoperative time to union was determined by clinical and radiographic measures. Multivariate
regressions were conducted to predict time to union using preoperative and postoperative RUST while
controlling for treatment method. Receiver operating characteristic (ROC) curve was conducted to
determine the accuracy of preoperative RUST in predicting failure of treatment.
Results: Sixty-eight patients with aseptic tibia fracture nonunion treated operatively were identified.
Sixty-one patients achieved union. Mean preoperative RUST was 7.5 (SD 1.4). Mean postoperative RUST
was 9.2 (SD 1.4). Multivariate linear regressions demonstrated that preoperative (p¼ 0.043) and post-
operative (p¼ 0.007) RUST are significant predictors of time to union after tibia fracture nonunion
surgery. ROC curve demonstrated preoperative RUST below 7 was a good predictor of developing
persistent tibia fracture nonunion (AUC¼ 0.83, Sensitivity¼ 1.000, Specificity¼ 0.745).
Conclusions: RUST preoperatively and postoperatively predicts outcome after nonunion surgery. RUST
can be used as part of the complete clinical picture to shape patient expectations and guide treatment.

© 2018
1. Introduction

Tibia fractures are a common injury affecting 16.9 in 100,000
people per year.1 This places a large burden on the healthcare
system accounting for 77,000 hospitalizations and 825,000 office
visits.2 Seven percent of tibial shaft fractures fail to heal and go on
to develop nonunion.3 Development of tibial fracture nonunion is a
serious complication causing severe reduction in patient quality of
life, affecting both physical function and mental health.4 Tibial
fracture nonunion is also a costly problem, with patients more
likely to use inpatient care, be prescribed painmedication, and have
8, New York, NY, 10029, USA.
g (A.V. Christiano).
a more than doubled median cost of care ($25,556 vs. $11,686)
when compared to patients that achieved union.5,6

The radiographic union score for tibial fractures (RUST) provides
a reliable way to assess degree of healing after acute fracture of the
tibial shaft treated surgically with an intramedullary nail.7 Despite
the applicability of the RUST score to acute tibial shaft fracture, no
information exists describing the value of the RUST score when
applied to tibial shaft fractures that have progressed to nonunion.
The purpose of this study is to determine the ability of the RUST
score to predict success after tibial shaft nonunion surgery.

2. Methods

Following approval from our institutional review board, Study
#i12386 e January 8, 2018, all patients presenting to a fellowship
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trained orthopaedic traumatologist for treatment of long bone
nonunion provided informed consent and were enrolled in a pro-
spective registry focused on patient outcomes. Nonunion was
defined as failure of progression in clinical and radiographic healing
over a 3 month period.8,9 After informed consent was obtained, the
baseline data were obtained and patients were followed over a 12
month period using physical examination and radiographs. The
registry was reviewed to identify patients that underwent treat-
ment for aseptic tibial nonunion with revision surgery and internal
fixation. Patients were excluded if they had an infected tibial frac-
ture nonunion, were treated with external fixation, had a bone
defect >3 cm, had insufficient follow up or unknown time to union.
All patients underwent surgical repair for their nonunion with
either plate fixation or intramedullary exchange nailing, with or
without iliac crest bone graft. All patients had at least three tissue
specimens or canal reamings sent for gram stain and cultures. Pa-
tients were considered to have aseptic nonunion if they had no
bacteria on gram stain and no growth on cultures, with no evidence
of infection intraoperatively or acutely postoperatively.

Sixty-eight patients treated with internal fixation for aseptic
tibia fracture nonunion without bone gap were identified. Four of
these patients were lost to follow up before achieving union. All lost
patients had negative intraoperative cultures, no gross infection
intraoperatively, and a minimum of 3 months follow up where they
developed no clinical signs of infection. Of the remaining 64 eligible
patients, 48 were male (75%) and 16 were female (25%). Mean age
was 45 years (range 18e75 years). Method of surgical repair was
chosen at the surgeon's discretion and based upon specific injury
and healing characteristics. Forty-one patients (60%) were treated
for their tibial fracture nonunion by intramedullary exchange
nailing (Fig. 1). Twenty-seven (40%) patients were treated using
compression or bridge plate fixation (Fig. 2). Fifty-six (82%) patients
Fig. 1. Anterioposterior (left) and lateral (right) radiographs 12 weeks after exchange nailing
3, RUST anterior cortex: 2, Total RUST score: 9.
received bone graft (iliac crest bone graft or aspirate) at time of
nonunion surgery.

Anteroposterior and lateral radiographs of the tibia obtained
preoperatively (within two weeks of nonunion surgery) and 12
weeks (±2 weeks) after nonunion surgery were reviewed and
scored using the RUST scoring system (Table 1) by two fellowship
trained orthopaedic traumatologists blinded to final union status
and time to union.7 Observers scored all preoperative radiographs
in a random order created by a random sequence generator fol-
lowed by all postoperative radiographs in a random order created
by a random sequence generator. Total RUST scores were a sum-
mation of the scores measuring the degree of healing of each in-
dividual cortex viewed on anteroposterior and lateral radiographs
of the tibia. Medial and lateral cortices were assessed on ante-
roposterior radiographs. Anterior and posterior cortices were
assessed on lateral radiographs. All radiographs were viewed using
the iSite picture archiving and communication system software
(Philips, Eindhoven, Netherlands). If the nonunion was segmental,
the section with the least amount of radiographic healing was
graded. RUST scores from the two observers were averaged. Pa-
tients were considered to have achieved union based upon radio-
graphic and clinical parameters previously employed in the
orthopaedic literature including bridging callus on at least three of
four cortices without gross motion, lack of tenderness to palpation
at the nonunion site and no pain with weight bearing.10 Patients
were considered to have developed persistent nonunion if they had
not achieved union 12 months after nonunion surgery.

3. Statistical analysis

Multivariate linear regressions were conducted to predict time
to union from preoperative and postoperative RUST score while
for tibial nonunion. RUSTmedial cortex: 1, RUST lateral cortex: 3, RUST posterior cortex:



Fig. 2. Anteroposterior (left) and lateral (right) radiographs 12 weeks after plate fixation for tibial nonunion. RUST lateral cortex: 2, RUST medial cortex: 2, RUST posterior cortex: 3,
RUST anterior cortex: 3, Total Rust score: 10.

Table 1
Scoring guide for the RUST score with each cortex receiving a score of 1e3. The total
RUST score is the sum of the scores of the cortices.

Cortex Score Callus Fracture Line

1 None Present Visible
2 Present Visible
3 Present No Fracture Line
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controlling for fixation method and use of bone graft. The as-
sumptions of linearity, independence of errors, homoscedasticity,
and normality of residuals were assessed. A ROC curve was con-
ducted to determine the preoperative RUST score predictive of
developing persistent nonunion. Area under the ROC curve (AUC)
was interpreted with 0.9e1 demonstrating excellent accuracy, 0.8
to 0.9 demonstrating good accuracy, 0.7 to 0.8 demonstrating fair
accuracy, 0.6 to 0.7 demonstrating poor accuracy, and 0.5 to 0.6
demonstrating a failed test.11 All statistical analyses were
completed using SPSS version 20.0 software (IBM, Armonk, NY)
using a significance cutoff of p< 0.05.
4. Results

Sixty-one patients (95%) went on to achieve union. Mean time to
union was 6.9 months (SD 4.5 months). Three patients failed
treatment and developed a persistent nonunion. The data met the
assumptions of linearity, independence of errors, homoscedasticity,
and normality of residuals necessary for the preoperative and
postoperative multivariate linear regressions.

Preoperative: Preoperative radiographs were available for 50
patients (78%). All patients without preoperative radiographs went
on to union. Mean preoperative RUST score for patients that went
on to heal was 7.5 (SD 1.4). Preoperative RUST score for all patients
that developed a persistent tibia fracture nonunion was 6.0.
Multivariate linear regression demonstrated preoperative RUST
score as a statistically significant predictor of time to union
(p¼ 0.043, B¼�0.751, 95% CI for B �1.478 to �0.025). Neither
treatment method (p¼ 0.851) nor use of bone graft (p¼ 0.937)
were significant predictors of time to union. ROC demonstrated
that a preoperative RUST score below 7 was a good predictor of
developing persistent tibia fracture nonunion (AUC¼ 0.83, Sensi-
tivity¼ 1.000, Specificity¼ 0.745).

Postoperative: Postoperative radiographs obtained 12 weeks
after surgery were available for 56 eligible patients (88%). All pa-
tients without radiographs 12 weeks after surgery had subsequent
clinical and radiographic follow-up showing ultimate union. Mean
postoperative RUST score for patients that achieved union was 9.2
(SD 1.4). Meanpostoperative RUSTscore for patients that developed
persistent tibia fracture nonunionwas 7.3 (range 6e8). Multivariate
linear regression demonstrated RUST score 12 weeks after
nonunion surgery is a statistically significant predictor of time to
union (p¼ 0.007, B¼�1.180, 95% CI for B �2.024 to �0.337).
Neither treatment method (p¼ 0.875) nor use of bone graft
(p¼ 0.711) were significant predictors of time to union.
5. Discussion

The RUST scoring system has proven to offer clinical guidance
when applied to acute tibial shaft fractures.12 Progressive radio-
graphic union as shown by the RUST score correlates with
improved gait.13 The RUST score has also been used to predict
nonunion after open wedge high tibial osteotomy.14 The
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applications for the RUST score to long bone fractures will only
continue to grow as it is applied to fractures of the tibial meta-
physis, fractures repaired using plate fixation, used to quantify
definite union, and applied to other long bones.15,16 The RUST score
has also become a prominent fixture as a method to quantify de-
gree of long bone healing.17e20

Our data demonstrate that both preoperative and 3-month
postoperative RUST scores are significant predictors of time to
union after tibia fracture nonunion surgery. For each one unit in-
crease in preoperative RUST score, patients heal 0.75 months
earlier. For each one unit increase in RUST score 12 weeks after
nonunion surgery, patients heal over one month earlier. ROC for
preoperative RUST score demonstrated that a preoperative RUST
below 7 is a good predictor of development of persistent nonunion.
Patients with a preoperative RUST score of 7 or above can be
counseled that there is a very low risk of developing persistent
nonunion with appropriate surgical treatment. Patients with a
preoperative RUST score of 6 or below have a higher risk of
developing persistent nonunion after surgical treatment. The abil-
ity of the RUST score to predict success after tibia fracture nonunion
surgery becomes immediately clinically important as orthopaedic
surgeons can begin to identify patients at risk of poor outcomewith
nonunion surgery. Orthopaedic surgeons should consider adjunc-
tive treatments in patients with preoperative RUST score of 6 or
below such as bone stimulation, autogenous grafting, or use of bone
morphogenic proteins. This is important information for patients,
physicians, and insurance companies as improvement in patient
pain levels and function correlates with healing after nonunion
surgery.21

This study is not without limitations. The previously published
high interobserver reliability described for the RUST score was
determined for tibial shaft fractures treated with intramedullary
nails. In our cohort, only 60% were treated with an intramedullary
nail. In contrast, the interobserver reliability for tibial fractures
treated with open reduction and plate fixation was only moder-
ate.15 Therefore a large number of our cases were subjected to a
lower interobserver reliability. We addressed this weakness by
using the mean RUST score obtained by multiple independent in-
vestigators for our analysis. In our cohort the majority (82%) of
patients underwent bone grafting at time of nonunion surgery.
While the initial development of the RUST score analyzed
diaphyseal tibia fractures without bone graft, subsequent
studies have evaluated RUST scoring in the setting of bone graft.
Tornetta et al. in their review of diaphyseal tibial fractures with
bone defect found no difference in interobserver reliability of
the RUST score when bone graft was utilized.22 Another potential
weakness of this study is the lack of an agreed upon definition of
nonunion in the orthopaedic community.23 Our definition utilizes
nominimum time frame beyond the 3months necessary to have no
progression in radiographic healing, which is much less time than
that required to meet the US Food and Drug Administration defi-
nition of nonunion.24 This is in accordance with Yang et al., who
showed that through analysis of the entire clinical picture at the 3
month time point after nonunion surgery orthopaedic surgeons
were able to correctly identify the vast majority of nonunions.25

Our study exclusively analyzes aseptic nonunion treated non-
randomly by surgeon preference. Amorosa et al. demonstrated in
their cohort of 104 presumed aseptic diaphyseal nounions that
28.7% were culture positive. In their cohort, culture positive non-
unions were more likely to require secondary surgery than culture
negative nonunions.26 Infection at any point during nonunion
treatment, either positive intraoperative culture or postoperative
infection, is associated with failure to achieve union.27 While our
data shows promise in predicting outcomes of aseptic nonunion, it
may not predict outcome of infected nonunion, which can make up
a substantial portion of all nonunions.
Several patient- and surgeon-related risk factors exist for poor

outcome following nonunion surgery. Previously identified patient
specific predictors of time to union, and therefore predictors of pain
relief and return of function, include active smoking at time of
nonunion surgery and history of previous nonunion surgery.28

Brinker et al. have also suggested that correction of metabolic ab-
normalities could aid in healing of select patients with nonunion.29

In addition to patient dependent factors, treatment and surgeon
dependent factors have also been shown to predict success after
nonunion surgery. Egol et al. previously demonstrated that a sur-
geon's annual volume of nonunion cases was associated with the
outcome of nonunion surgery and with the incidence of post-
operative complications.27

With this in mind, the preoperative and postoperative RUST
scores are only one part of the entire clinical scenario. Previously,
Stojadinovic et al. demonstrated that a predictive model using
clinically relevant information could predict healing outcomes of
nonunions treated with extracorporeal shock wave therapy.30

Similar predictive modeling could be applied to tibial nonunions
treated operatively using the RUST score and the other clinically
available predictors of definitive union and time to union to guide
patient and surgeon expectations in the treatment of tibial
nonunions.

The RUST score has proven useful in acute tibia fractures guiding
the expectations of patients and orthopaedic surgeons.12 Our data
show similar predictive value of the RUST score when applied to
tibial nonunion. Patient and surgeon expectations regarding time
to union and ultimate union can be guided using preoperative and
postoperative RUST score. Orthopaedic surgeons can know a pa-
tient's likely response to treatment of aseptic tibial nonunion based
upon preoperative and postoperative RUST score, and should adjust
treatment accordingly.31 The RUST score should be a part of the
entire clinical scenario for patients with aseptic tibial nonunion.
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