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Aims
Though most humeral shaft fractures heal nonoperatively, up to one-third may lead to
nonunion with inferior outcomes. The Radiographic Union Score for HUmeral Fractures
(RUSHU) was created to identify high-risk patients for nonunion. Our study evaluated the
RUSHU’s prognostic performance at six and 12 weeks in discriminating nonunion within a
significantly larger cohort than before.

Methods
Our study included 226 nonoperatively treated humeral shaft fractures. We evaluated the
interobserver reliability and intraobserver reproducibility of RUSHU scoring using intraclass
correlation coefficients (ICCs). Additionally, we determined the optimal cut-off thresholds for
predicting nonunion using the receiver operating characteristic (ROC) method.

Results
The RUSHU demonstrated good interobserver reliability with an ICC of 0.78 (95% CI 0.72 to
0.83) at six weeks and 0.77 (95% CI 0.71 to 0.82) at 12 weeks. Intraobserver reproducibility
was good or excellent for all analyses. Area under the curve in the ROC analysis was 0.83
(95% CI 0.77 to 0.88) at six weeks and 0.89 (95% CI 0.84 to 0.93) at 12 weeks, indicating
excellent discrimination. The optimal cut-off values for predicting nonunion were ≤ eight
points at six weeks and ≤ nine points at 12 weeks, providing the best specificity-sensitivity
trade-off.

Conclusion
The RUSHU proves to be a reliable and reproducible radiological scoring system that aids
in identifying patients at risk of nonunion at both six and 12 weeks post-injury during
non-surgical treatment of humeral shaft fractures. The statistically optimal cut-off values for
predicting nonunion are ≤ eight at six weeks and ≤ nine points at 12 weeks post-injury.

Take home message
• The Radiographic Union Score for

Humeral Fractures (RUSHU) was shown to
reliably and reproducibly identify
patients at high risk for nonunion during
nonoperative treatment of humeral shaft
fractures.

• The statistically optimal cut-off values for
predicting nonunion are ≤ eight points at
six weeks and ≤ nine points at 12 weeks.

Introduction
Functional bracing has traditionally been
the mainstay in the treatment of hum-
eral shaft fractures.1 Two recent random-
ized controlled trials (RCTs) that compared
functional bracing to surgery did not
find any clinically relevant differences
between the treatment strategies at one
year.2,3 However, up to one-third of
the patients randomized to functional
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bracing experienced healing problems and required secon-
dary surgery, with inferior functional outcomes even though
the fractures eventually healed successfully.4 The prevalence
of nonunion following nonoperative treatment for humeral
shaft fractures has exhibited consistent figures across diverse
populations, ranging from 10% to 33%.3-9

Given the substantial incidence of this complication,
enhancing our capacity to promptly identify patients at higher
risk of developing fracture nonunion would prove benefi-
cial. The initial algorithms for predicting fracture healing
or nonunion, which relied on radiological scores derived
from a systematic evaluation of follow-up radiographs, were
developed and subsequently validated for femur and tibia
shaft fractures.10,11 The Radiographic Union Score for HUm-
eral Fractures (RUSHU)12 was adapted from these in 2019.
The original study used radiographs taken six weeks post-
injury to identify humeral shaft fractures prone to nonun-
ion.12 The RUSHU scoring system has shown promising results
in predicting fracture healing, exhibiting good inter- and
intraobserver reliability. To our knowledge, these findings have
been limited to relatively small cohorts, ranging from 32 to
92 patients.13,14 Our objective was to validate the RUSHU
in a considerably larger cohort and to assess its prognostic
performance at both six- and 12-week follow-up.

Methods
This study was conducted at the Helsinki University Hospital,
with approval from the local Institutional Review Board (Dno
HUS/146/2023).

Derivation of study cohort
Our preliminary cohort consisted of: 1) all non-pathologi-
cal and non-periprosthetic humeral shaft fracture patients
aged 18 years or older treated in our unit (Helsinki Univer-
sity Hospital) between January 2006 and December 2016,
identified through a retrospective analysis;15 and 2) the
patients participating in the Finnish Shaft of the Humerus
(FISH) trial, a RCT comparing effectiveness of surgery and
non-surgical treatment of humeral shaft fractures (ClinicalTri-
als.gov, NCT01719887). The FISH trial was executed in two
large trauma centres (Helsinki University Hospital and Tampere
University Hospital) in Finland between 2012 and 2018.16

From this preliminary cohort of 1,000 individuals with
a humeral shaft fracture, we included the patients whose
treatment was nonoperative, and the following information
was available: 1) anteroposterior and lateral radiographs at
six- or 12-week follow-up; 2) known fracture healing outcome
(union or nonunion); and 3) no conversion to surgery before
the 12-week follow-up. Radiographs taken within ten days of
the six-week and 20 days of the 12-week post-injury dates
were accepted.

To ascertain treatment outcome, we required at least
one additional radiograph after the 12-week follow-up, which
either verified a fracture union or an established nonunion,
or for patients who underwent surgery after the 12-week
follow-up, a verification of nonunion in the surgical notes.
The application of these criteria resulted in a final cohort of
226 cases with verified fracture healing outcome (Figure 1).

Assessment of fracture healing status
Radiographs were assessed independently by two readers (CS,
HM) blinded to the fracture healing outcome. For the blinded
assessment of radiographs, the six- and 12-week follow-up
radiographs were extracted from the Picture Archiving and
Communication System (Siemens, Germany) and assigned a
randomly generated ID label. Prior to the actual scoring,
we conducted a pre-validation of the RUSHU in 20 ran-
domly selected cases. The objective of pre-validation was to
familiarize the readers with the RUSHU and harmonize its
application. After pre-validation of 20 cases, we discussed the
pre-validation findings in plenum.

The final scoring was carried out using the criteria
outlined in the original study by Oliver et al.12 Briefly, all four
cortices from anterior-posterior and lateral radiographs were
assessed and graded according to healing status, as follows:
no visible callus = one point; non-bridging callus = two points;
and bridging callus = three points. Accordingly, a total score of
each radiograph ranged from four to 12 points. We encoun-
tered some ambiguity in the original publication regarding
the definition of “bridging of callus”.12 According to the initial
scoring, if the callus extends beyond a virtual line drawn
between proximal and distal cortices, or if it envelops the
exposed cortices, it merits three points. In situations where the
criteria were met, but the callus did not make direct contact
with the corresponding cortex, we designated such cases
with an “M” for maybe (Figure 2). In our primary analysis, we
assigned three points to these cases, aligning with the original
study’s suggestion. However, we also performed a sensitivity
analysis wherein “M”-cases were given two points. To ensure
consistency, all cases with a difference of one or more RUSHU
points underwent re-evaluation by both the original readers
and a minimum of two other senior authors (LR and TI or TL) in
a consensus meeting.

The STARD 2015 guideline was used for the reporting
of this study.17

Statistical analysis
Statistical analysis was carried out with SPSS v. 29.0.1.0 (IBM,
USA). The normality of continuous variables was assessed
using the Shapiro-Wilk test. Mann-Whitney U test was used
for analyzing non-parametric continuous data (age at the time
of injury). The relationship between categorical variables was
assessed using a chi-squared test or two-sided Fisher’s exact
test if the expected count was less than five for more than
20% of the cells. Interobserver reliability and intraobserver
reproducibility were assessed using the intraclass correlation
coefficient (ICC) with a two-way mixed-effects model, and
reported using single measures ICC with a 95% CI. The ICCs
were interpreted as follows: values less than 0.5 indicate poor
reliability, 0.5 to 0.75 indicates moderate reliability, 0.75 to 0.9
is indicative of good reliability, and values greater than 0.9
indicate excellent reliability.18

We conducted two prespecified sensitivity analyses to
assess: 1) the M-cases with two instead of three points; and
2) the prognostic performance of the RUSHU in the FISH trial
cohort only. The latter sensitivity analysis was prompted by an
observation that in the larger retrospective cohort (n = 876),
patients who went on to an uneventful union but did not
have follow-up radiographs ascertaining the union beyond
12 weeks were missing, thus artificially inflating the nonunion
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rate of the cohort. The analysis of the FISH trial cohort derived
from a prospective controlled trial provided a more robust
follow-up data for assessing the prognostic performance of
the RUSHU.

Radiographs of the retrospective cohort were scored
once for interobserver reliability analysis. The FISH trial cohort
was additionally assessed a second time after three months for
intraobserver reproducibility analysis.

The optimal RUSHU cut-off to predict nonunion was
determined by a receiver operating characteristic (ROC)
analysis using the closest point to top left corner method.19

The discrimination capability (area under curve (AUC)) is
classified as follows: 0.7 to 0.8 is considered as acceptable,
0.8 to 0.9 excellent, and more than 0.9 outstanding.20 The
threshold for significance was set at level 0.05 with two-sided
testing.

Results
Baseline characteristics
A total of 226 cases were included in this study (157 from
the retrospective cohort and 69 from the FISH trial; Figure 1).
The baseline demographics of the patients and injuries are
presented in Table I. Radiographs were available for 204 cases
at six weeks and 206 cases at 12 weeks. In the total cohort, the
overall nonunion rate was 41% (92/226). Among these, 70%
(64/92) underwent surgery, performed at a mean of 205 days
(79 to 530) post-injury.

Primary results
The intraobserver ICC for reader one was 0.94 (95% CI 0.91 to
0.96) at six weeks and 0.98 (95% CI 0.97 to 0.99) at 12 weeks,
indicating excellent reproducibility. For reader two, ICCs were
0.87 (95% CI 0.79 to 0.92) at six weeks and 0.93 (95% CI 0.88
to 0.96) at 12 weeks, indicating good and excellent reproduci-
bility.

The interobserver ICC was 0.78 (95% CI 0.72 to 0.83) at
six weeks and 0.77 (95% CI 0.71 to 0.82) at 12 weeks, indicating
good reliability at both timepoints. Further reliability analyses
of individual cortex scores showed no significant differences
regarding which cortex was scored most or least reliably (Table
II).

ROC curves for the RUSHU yielded an AUC of 0.83 (95%
CI 0.78 to 0.89) at six weeks and 0.89 (95% CI 0.84 to 0.93) at
12 weeks, indicating excellent discrimination. Using the closest
point to the left corner method, cut-off values of ≤ eight and
≤ nine points provided the best specificity-sensitivity trade-
off for predicting nonunion at six- and 12-week follow-up,
respectively (Figure 3).

Figure 4 illustrates the distribution of the RUSHU for the
entire cohort based on union outcomes at six and 12 weeks.
The median RUSHU for the entire cohort was nine points (IQR
6 to 11) at six weeks and ten points (IQR 8 to 12) at 12 weeks.
For those ending up with a nonunion, the median RUSHU was
seven points (IQR 5 to 8) at six weeks and eight points (IQR 7 to
9) at 12 weeks. For those achieving fracture union, the median
RUSHU was ten points (IQR 8 to 11) at six weeks and 12 points
(IQR 11 to 12) at 12 weeks. These differences were statistically
significant at both timepoints (p < 0.001, Mann-Whitney U
test).

Patients with a RUSHU ≤ eight points were 4.3 times
more likely (relative risk (RR) 4.3; 95% CI 2.7 to 6.9) to develop
nonunion compared to those with a score of nine points
and higher at six-week follow-up. Patients with RUSHU ≤
nine points were 6.1 times more likely (RR 6.1; 95% CI 3.7
to 10.1) compared to those with a score of ten points and
higher to develop nonunion at 12 week follow-up. Table III
displays statistical parameters indicating the clinical relevance
of these cut-off values, such as sensitivity, specificity, positive
predictive value (PPV; probability of nonunion), and negative
predictive value (NPV; probability of fracture union). Statistical

Fig. 1
Flowchart of the study (*Finnish Shaft of the Humerus (FISH) trial participants were included in a pre-planned subgroup sensitivity analysis and in the
primary analysis).
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parameters for other cut-off values at six- and 12-week
follow-up are available in the Supplementary Tables i and ii.

There were three patients with RUSHU of 11 or 12
points at six weeks and seven patients with RUSHU scores
of 11 or 12 points at 12 weeks who eventually developed a
nonunion (Supplementary Material radiographs).

Sensitivity analysis of M cases as two points
At least one cortex was rated “M” in 44 patients at six weeks
and in 11 patients at 12 weeks. In the prespecified sensitiv-
ity analyses, scoring “M” with two points (instead of three
points), the ROC curves yielded slightly lower AUCs of 0.82
(95% CI 0.77 to 0.88) at six weeks and 0.88 (95% CI 0.83 to
0.93) at 12 weeks. The use of various cut-off values did not
essentially change the prognostic performance as compared
to the primary analysis (Supplementary Tables iii and iv).

Sensitivity analysis of the FISH trial cohort
The nonunion rate in the FISH trial cohort (28%, 19/69) was
noticeably lower than in the total cohort (41%, 92/226). The
ROC analysis carried out using the FISH data showed even
better discrimination of nonunions compared with the total
study cohort with calculated AUCs of 0.90 (95% CI 0.83 to 0.98)
at six weeks and 0.97 (95% CI 0.93 to 1.0) at 12 weeks. The
top-left corner method provided the best trade-off between
sensitivity and specificity, yielding the same cut-off value at
six weeks (≤ eight points) and one point higher cut-off at
12 weeks (≤ ten points) compared to the primary analysis.
At six weeks, the model yielded 81% sensitivity, 86% specif-
icity, and 65% probability for nonunion in patients scoring
eight points or less, and 94% probability for union in patients
scoring nine points or more. At 12 weeks, the model yiel-
ded 94% sensitivity, 90% specificity, and 77% probability for
nonunion in patients scoring ten points or less, and 98%

Fig. 2
Illustration of (A) bridging callus on both cortices, (B) non-bridging callus on both cortices, and (C) our intermediate form “M” for Maybe on the upper
cortices, where callus extends beyond a virtual line drawn between proximal and distal cortices and callus envelopes the exposed cortices, but the
callus is not bridging, and non-bridging callus on the lower cortices.
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probability for union in patients scoring 11 points or more
(Table IV).

Discussion
We tested the prognostic performance of the RUSHU in
a considerably larger cohort than in the original and
the previous validation studies, focusing on its reliability,

Table II. The interobserver reliability of individual cortex scores
and total RUSHU score, and intraobserver reproducibility at six and
12 weeks.

Cortex
Interobserver ICC,
6 weeks (95% CI)

Interobserver ICC,
12 weeks (95% CI)

Lateral 0.65 (0.56 to 0.72) 0.68 (0.59 to 0.74)

Medial 0.68 (0.60 to 0.75) 0.58 (0.48 to 0.66)

Anterior 0.62 (0.53 to 0.70) 0.63 (0.54 to 0.71)

Posterior 0.64 (0.55 to 0.71) 0.70 (0.63 to 0.77)

Total RUSHU score 0.78 (0.72 to 0.83) 0.77 (0.71 to 0.82)

Intraobserver ICC reader 1 0.94 (0.91 to 0.96) 0.98 (0.97 to 0.99)

Intraobserver ICC reader 2 0.87 (0.79 to 0.92) 0.93 (0.88 to 0.96)

ICC, intraclass correlation coefficient; RUSHU, Radiographic Union Score
for HUmeral Fractures.

reproducibility, and prognostic accuracy at the six- and
12-week follow-up.

The rationale for developing and using a prognostic
tool is to aid healthcare professionals in predicting the likely
course or outcome of a medical condition for an individual
patient. By stratifying patients based on their risk of certain
outcomes, a prognostic tool facilitates shared decision-mak-
ing: understanding the likely trajectory of a condition aids
in the planning and timing of interventions. Prognostic tools
guide clinicians in choosing appropriate treatment methods,
whether it be aggressive therapeutic approaches for high-
risk cases or more conservative strategies for those with a
favourable prognosis. However, there are certain requirements
for these prognostic tools to be met to justify their use. The
assessment of their performance is fundamental to ensuring
their reliability and relevance in clinical practice.

Reliability is typically assessed by determining the
intra- and interobserver reliability of the tool. To briefly
describe the concepts, intraobserver reliability is about
consistency within one person, and interobserver reliability is
about agreement between different people. In the context of
RUSHU, the intraobserver reliability measures how consistently
one person can make the scoring when looking at the same
radiograph on two separate occasions, while interobserver
reliability checks if different observers reach similar scores.
Ensuring both are high is important for the reliability and
trustworthiness of a prognostic tool. The high intra- and
interobserver reliability observed in our study indicate that the

Table I. Baseline demographic data.

Variable Total (n = 226) Union (n = 134) Nonunion (n = 92) p-value

Sex, female:male, n (%) 115:111 (51:49) 65:69 (49:51) 50:42 (54:46) 0.388*

Mean age, yrs (range) 57 (19 to 91) 53 (19 to 91) 62 (21 to 91) < 0.001†§

Smoker, n (%) 0.174*

Smoker 65 (29) 34 (25) 31 (34)

Non-smoker 161 (71) 100 (75) 61 (66)

Displacement, n (%) < 0.001‡§

Not displaced 6 (3) 5 (4) 1 (1)

Displaced under a shaft width 202 (89) 126 (94) 76 (83)

Displaced over a shaft width 18 (8) 3 (2) 15 (16)

AO classification, n (%) 0.200*

A (simple) 153 (68) 88 (65) 65 (71)

B (wedge fragment) 54 (24) 37 (28) 17 (18)

C (segmental) 19 (8) 9 (7) 10 (11)

Location, n (%) < 0.001*§

Proximal shaft 38 (17) 14 (10) 24 (26)

Mid-shaft 175 (77) 107 (80) 68 (74)

Distal shaft 13 (6) 13 (10) 0 (0)

*Chi-squared test.
†Mann-Whitney U test.
‡Fisher’s exact test.
§Statistically significant.
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RUSHU scoring is likely to be similar when using the tool for
the same patient (Table II).

Another important indicator of the performance of a
prognostic tool is the ability to differentiate between patients
who will and will not experience the outcome of interest.
This is usually assessed by determining the discrimination,
sensitivity, and specificity of the tool. All three aspects are
crucial for evaluating the effectiveness and reliability of a
prognostic tool. The discriminatory ability of a prognostic tool
is typically determined by calculating the AUC of a ROC curve,
which yields a comprehensive measure of a prognostic tool’s
discriminative ability. A higher AUC indicates better overall
performance.

The sensitivity and specificity of the tool, in turn, focus
on the tool’s performance in correctly identifying true positive

and true negative cases, respectively. Striking a balance
between sensitivity and specificity is essential to avoid false
reassurance or undue concern.

Beyond statistical measures, the assessment of the
performance of a prognostic tool requires consideration of
its clinical utility. This involves evaluating whether its use
influences treatment decisions or improves patient outcomes,
subsequently enhancing the efficiency of healthcare delivery.
In our cohort, the application of the RUSHU improved the
prediction of nonunion from the baseline nonunion risk of
41% to 66% at six weeks and 75% at 12 weeks, with the
obtained optimal cut-off values (Table III).

As our findings demonstrate, the RUSHU enhances the
prediction of nonunion. However, the complex phenomenon
of nonunion cannot be adequately captured solely through

Fig. 3
Receiver operating characteristic (ROC) curve for the Radiographic Union Score for HUmeral Fractures (RUSHU) at (A) six weeks (n = 204) and (B)
12 weeks (n = 206).

Fig. 4
Distribution of the Radiographic Union Score for HUmeral Fractures (RUSHU) at a) six weeks, and b) 12 weeks.
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a simple radiological assessment of bone healing. Accurate
prediction of humeral shaft nonunion will likely necessitate
the inclusion of various clinical characteristics and patient-rela-
ted information, in addition to the radiological assessment of
bone healing at the fracture site.

Comparison to previous studies
Our study corroborates prior findings regarding the reprodu-
cibility of RUSHU scores. Previous research by Oliver et al,12

Fordyce et al,21 and Guevel et al13 reported interobserver and
intraobserver ICCs at six-week follow-up ranging from 0.79
to 0.91 and 0.96 to 0.98, respectively, indicating consistent
reliability. However, our study identified a minor disparity,
a one-point difference in the cut-off value for predicting
nonunion at six weeks compared to the original study. This
variance may rise from our use of the closest point to
the top-left corner method, whereas the precise method
used in the original study remains unspecified. Naturally, a
compromise must be found between the test’s sensitivity and
specificity to determine the appropriate cut-off. Our findings
suggest that a cut-off score of ≤ seven points at six weeks

yields 82% specificity but may sacrifice sensitivity, detecting
only 63% of nonunions (Supplementary Tables iii and iv).

Strengths and limitations
The major strength of our study is the size of our cohort,
almost as large as all previous studies combined (226 patients
compared to 241 patients).12-14,21 Our study sample also
included patients from a prospective RCT, showing that the
RUSHU is a valuable prognostic tool in both a more stringent
RCT population (sensitivity analysis) and a larger pragmatic
cohort (primary analysis). We also had two independent
scorers with a good interobserver reliability and mostly
excellent intraobserver reproducibility, and additionally solved
the differences between the scorers by a consensus meeting
with a minimum of four participants.

One limitation is a probable sampling bias as noted
in the methods. In our cohort, the 41% nonunion rate is
higher than the expected range of 10% to 33% in everyday
clinical practice.5,7,9,14,22 This difference can be partly explained
by the inclusion criterion, which excluded patients with
uneventful healing but no radiological verification of union

Table III. The statistical properties of the optimal RUSHU cut-off values for predicting nonunion at six and 12 weeks.

Variable Nonunion Union Predictive value

RUSHU cut-off at 6 weeks (n = 204)

8 points or less (n = 100) 66 34 PPV = 0.66

9 points or more (n = 104) 16 88 NPV = 0.85

Sensitivity = 0.80 Specificity = 0.72 p < 0.001*

RUSHU cut-off at 12 weeks (n = 206)

9 points or less (n = 93) 70 23 PPV = 0.75

10 points or more (n = 113) 14 99 NPV = 0.86

Sensitivity = 0.83 Specificity = 0.81 p < 0.001*

*Chi-squared test; statistically significant.
NPV, negative predictive value (probability of union if RUSHU is above set threshold); PPV, positive predictive value (probability of nonunion if RUSHU is
below set threshold); RUSHU, Radiographic Union Score for HUmeral Fractures.

Table IV. The statistical properties of the optimal RUSHU cut-off values for predicting nonunion in the FISH trial cohort at six and 12 weeks.

Variable Nonunion Union Predictive value

RUSHU cut-off at 6 weeks (n = 66)

8 points or less (n = 20) 13 7 PPV = 0.65

9 points or more (n = 46) 3 43 NPV = 0.94

Sensitivity = 0.81 Specificity = 0.86 p < 0.001*

RUSHU cut-off at 12 weeks (n = 68)

10 points or less (n = 22) 17 5 PPV = 0.77

11 points or more (n = 46) 1 45 NPV = 0.98

Sensitivity = 0.94 Specificity = 0.90 p < 0.001*

*Chi-squared test; statistically significant.
FISH, Finnish Shaft of the Humerus; NPV, negative predictive value (probability of union if RUSHU is above set threshold); PPV, positive predictive value
(probability of nonunion if RUSHU is below set threshold); RUSHU, Radiographic Union Score for HUmeral Fractures.
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after 12 weeks. We argue that this made the prediction of
nonunion more difficult for the RUSHU by the exclusion of
easier-to-score cases that did not require follow-up beyond
12 weeks. This is consistent with the finding that the prog-
nostic performance of the RUSHU improved in our sensitivity
analyses that used the FISH trial data only. Another limitation
is that the assessment of the callus formation was impaired
by non-standardized radiographs in some cases. Specifically,
in some lateral projections (26/204 at six weeks and 10/206 at
12 weeks), the visibility of the humeral shaft was obscured by
thoracic structures, posing a challenge to accurate evaluation.
As suboptimal radiographs are part of normal practice, we did
not exclude these cases, but note that most were eventually
assessed in a consensus meeting due to differences in the
primary scoring.

In conclusion, the RUSHU proves to be a reliable and
reproducible radiological scoring system that aids in identify-
ing patients at risk of nonunion at both six and 12 weeks
post-injury during nonsurgical treatment of humeral shaft
fractures. The statistically optimal cut-off values for predict-
ing nonunion are ≤ eight at six weeks and ≤ nine points at
12 weeks post-injury.

Supplementary material
Tables showing statistical properties depicting the clinical relevance
in predicting nonunion for various cut-off values at six and weeks;
statistical properties depicting the clinical relevance in predicting
nonunion with maybe (M)-cases receiving two points at six-
and 12-week follow-up; and the six- and 12-week Radiographic
Union Score for HUmeral Fractures (RUSHU) outcomes. Radiographs
showing cases of RUSHU 11 points or more at six and 12 weeks
ending in nonunion.
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