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Abstract

Background Prompt identification of fracture healing is crucial for medical decision-making and clinical research.
This study aims to assess the effectiveness of the Radiographic Union Score for Hip (RUSH) in subtrochanteric fractures
and determine the optimal scoring threshold for fracture healing.

Methods We obtained 94 sets of X-ray films from the postoperative follow-up of 35 patients who underwent
intramedullary nail fixation for subtrochanteric fractures. Six orthopedic trauma surgeons evaluated the imaging data
and determined fracture healing based on subjective judgment. They then scored the X-ray images using the RUSH
form. After four weeks, the same observers re-evaluated 47 randomly selected sets of radiographs. Subsequently,

the observers and study designer conducted a consensus meeting where they agreed on whether the fractures had
healed. We used Fleiss kappa to evaluate agreement among observers based on subjective impressions, and the
intraclass correlation coefficient assessed RUSH score consistency. Regression analysis examined the relationship
between scores and fracture healing consensus using a receiver operator characteristic (ROC) curve.

Results Based on overall impressions, the agreement level among orthopedic trauma surgeons for determining the
healing status of subtrochanteric fractures was moderate (Kappa=0.564, 95% Cl: 0.511-0.616). However, utilizing the
RUSH scoring system can improve the consistency to a substantial level of agreement (ICC=0.748, 95% Cl: 0.663-
0.817). Regarding intraobserver reliability, there were significant differences among orthopedic trauma surgeons

in judging fracture healing based on overall impressions. However, using the RUSH scoring form, the attending
group achieved better intracbserver consistency than the resident group. Regression analysis and ROC curve
analysis revealed a strong correlation between the RUSH total score, cortical bone score, cancellous bone score, and
consensus on fracture healing. The AUC values are 0.769 (95% Cl: 0.670-0.868), 0.779 (95% Cl: 0.681-0.876), and 0.771
(95% Cl: 0.674-0.867), respectively.
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Conclusions Our study highlights the effectiveness of the RUSH scoring system in enhancing interobserver
agreement and intraobserver consistency when evaluating subtrochanteric fracture healing in orthopedic trauma
surgeons. We propose setting 21 points as the threshold for the simplified RUSH scoring system to determine fracture
healing. This system includes only eight items related to cortical bone, with a total score of 24 points.

Keywords Hip fracture, Intramedullary nail, Fracture healing, Radiological assessment, Reliability

Background

Compared to femoral neck and intertrochanteric frac-
tures, subtrochanteric fractures are particularly suscep-
tible to mechanical complications, including delayed
union, nonunion, and hardware failure [1, 2]. These com-
plications lead to more severe functional impairments
and an increased disease burden. Therefore, assessing
fracture healing is essential for orthopedic trauma sur-
geons, as it directly influences critical management deci-
sions [3].

The clinical definition of fracture healing typically
relies on various factors, including physical examination
findings, imaging studies, and patient self-assessment
[3]. Plain radiographs remain the primary method for
assessing fracture healing, but there is variation in the
consistency of different observers [4]. In 2010, Whelan
et al. introduced the Radiological Healing Score (RUST)
system for evaluating tibial fractures. Among the vari-
ous criteria assessed, cortical bridging emerged as the
most reliable indicator of fracture healing [5]. Bhandari
et al. developed the Radiographic Union Score for Hip
fractures (RUSH) to evaluate the healing of femoral neck
fractures. This system allows for a qualitative assessment
of crucial healing parameters, including callus formation,
cortical bridging, fracture line resolution, and trabecular
integration at the fracture site [6].

Subtrochanteric fractures primarily affect the corti-
cal bone, with the fracture line extending into the can-
cellous bone within the trochanteric region. Therefore,
using the RUSH score is highly suitable for determining
the healing status of subtrochanteric fractures. In a study
evaluating subtrochanteric femoral fracture healing with
the Radiographic Union Score (RUS), an RUS of >7 at 12
weeks predicted clinical union with 88% sensitivity and
63% specificity [7]. Due to the cutoff value of 7 used in
this study’s RUS system, it can be inferred that the RUSH
scoring system was not employed. To our knowledge,
there have been no reports on using this scoring system
to assess the healing of subtrochanteric fractures.

Methods

Study design

The study designer (T]Z)selected 94 sets of anteropos-
terior and lateral X-ray films from the medical records
database. These films were part of the postoperative
follow-ups for 38 patients undergoing intramedullary
nail fixation for subtrochanteric fractures. Six observers,

including three orthopedic attendings and three ortho-
pedic residents, independently evaluated the imaging
data and determined fracture healing based on subjective
judgment. They then scored the X-ray images using the
Radiographic Union Score for Hip (RUSH) form. After
four weeks, the same observers re-evaluated 47 sets of
radiographs selected and rerandomized by the research
designer from the original 94 sets. Finally, a consensus
meeting was held involving all observers and the study
designer, during which they agreed on the healing sta-
tus of the fractures. The flowchart of the study design is
shown in Fig. 1.

Participants

Our review panel comprised three orthopedic residents
who had completed residency training (with an aver-
age orthopedic clinical practice experience of 3.3 years,
ranging from 3 to 4 years) and three orthopedic attend-
ing physicians with expertise in the treatment of hip frac-
tures (with an average experience of 10.0 years, ranging
from 9 to 12 years). We recruited observers from two dis-
tinct seniority groups to investigate potential variations
in scoring based on work experience and to evaluate the
reliability of the RUSH scoring system.

Imaging criteria

The ethics committee of our hospital approved the
research protocol. We thoroughly reviewed the medical
records database from January 1, 2014, to December 31,
2021. In this period, we identified 443 patients diagnosed
with “intertrochanteric fracture of the femur,” “fracture of
the greater trochanter;’ or “subtrochanteric fracture,” all
of whom had undergone internal fixation surgery.

For inclusion in this study, the following criteria were
strictly enforced: (1) the fracture must have been a sub-
trochanteric type treated with intramedullary nail fixa-
tion, (2) X-ray imaging must have been performed no
earlier than three weeks postoperatively, and (3) there
must be at least a 30-day interval between successive
X-ray examinations for the same patient. The exclusion
criteria were equally precise: (1) fractures other than
subtrochanteric were excluded, (2) fixation was achieved
using a plate or dynamic hip screw was not considered,
and (3) incomplete preoperative or postoperative follow-
up imaging data led to exclusion.

Ultimately, the study comprised 38 cases and 94 follow-
up imaging datasets meeting the criteria. Each dataset
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Selection of Observers

3 Orthopedic attendings
3 Orthopedic residents

Selection of Series of Digital X-ray Films
38 Cases of subtrochanteric fracturestreated with an intramedullary nail
94 sets of anteroposterior and lateral X-ray films of the proximal femur

Masking, Formatting and Randomizing Radiographs
Standardize format
Remove identifiers
Randomizing their order

Independent Review by the Orthopedic Surgeons

After 4 weeks, the Research Designer Selected 47 Imaging Data From the 94
Sets and Re-randomized the order.

‘ Independent Re-evaluation by the Same Orthopedic Surgeons ’

All-member Consensus Meeting

Data Analysis

Fig. 1 Flowchart illustrating the methodology employed in our study

included anteroposterior and lateral X-rays of the proxi-
mal femur on the affected side. The imaging data reflected
various recovery stages, with 18.0% of images taken
between 3 and 6 weeks post-surgery, 22.3% between 7
and 12 weeks, 22.3% between 13 and 24 weeks, 17.0%
between 25 and 52 weeks, and 20.2% beyond 52 weeks.
All personal identifiers, such as names, gender, hospital
admission numbers, and timestamps, were anonymized.
The reviewing physicians were blinded to the follow-up
times; no markers identified them, such as suture pins.
Importantly, reviewers were not involved in the selection
of cases or the processing of imaging data.

Training and evaluation process

Our pre-assessment training involved studying three
critical reference articles on the RUSH scoring system,
including explanations and images. Chiavaras et al.
explained the indicators and scoring criteria of the RUSH
scoring system in their literature. The RUSH score incor-
porates four component scores: cortical bridging, cortical
fracture line disappearance, cancellous bone calcification,
and cancellous bone fracture line disappearance, and
the total RUSH score ranges from a minimum of 10 to
a maximum of 30 [8]. Additionally, we selected X-rays
from 10 cases of intertrochanteric fractures for indepen-
dent scoring. We discussed cases with significant scoring
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discrepancies to ensure all evaluators reached a consen-
sus on the scoring.

The study designer (TJZ) uploaded 94 sets of digital
radiographs to a secure, password-protected platform
for online review. Reviewers trained in using the system
had 14 days to independently assess each radiograph
for fracture healing, classifying each as “healed” or “not
healed” based on their subjective judgment. Although
fracture healing is gradual and not strictly binary, only
fully healed fractures by orthopedic trauma surgeons
were classified as “healed” Reviewers also completed the
RUSH checklist, evaluating cortex and trabecular frac-
ture lines, cortex bridging, and trabecular consolidation.
After four weeks, 47 original images were rerandom-
ized and re-uploaded for an additional two-week review
period. Figure 2 displays X-ray images taken during two
follow-up periods of the same patient and their corre-
sponding RUSH scores.

The results from both assessment rounds were sum-
marized, and a consensus meeting was held with the
study designer and all reviewing surgeons. During this
meeting, we discussed the timing of follow-up and serial
radiographs for each case. We evaluated whether the
X-ray images met the criteria for fracture healing, using
the Sanders Traumatic Hip Rating Scale scores from
patient follow-ups as a reference. Although clinical func-
tion scores are crucial for a comprehensive assessment
of fracture healing, they were not the focus of this study.
Ultimately, consensus on fracture healing was reached
based exclusively on the provided imaging data for each
case.

Data analysis

The formula [2x (number of reviewers)?] is usually used
for sample size calculation in consistency studies [9]. We
had six observers; the sample size requirement was 72
cases (2x67). According to the above sample size require-
ments, the sample size of 94 sets of image data is suffi-
cient to achieve good statistical accuracy. We used the
Fleiss-kappa (k) coefficient to evaluate the consistency
of multiple reviewers’ subjective judgments on fracture
healing. As the RUSH score is a continuous variable
ranging from 10 to 30, the intraclass correlation coef-
ficient (ICC) was employed to assess the consistency
among observers. Both kappa (k) and ICC values range
from —1.00 (indicating absolute disagreement) to 1.00
(indicating total agreement). According to the guidelines
proposed by Landis and Koch, kappa values between
0.00 and 0.20 are categorized as poor agreement, 0.21 to
0.40 as fair agreement, 0.41 to 0.60 as moderate agree-
ment, 0.61 to 0.80 as substantial agreement, and 0.81 to
1.00 as almost perfect agreement [10]. Finally, we con-
ducted regression analysis and ROC analysis to explore
the possibility of optimizing the RUSH scoring criteria,
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specifically the overall score, the overall score for corti-
cal bone items, and the overall score for cancellous bone
items.

Result

Overall, the agreement among orthopedic doctors in
their subjective assessments of fracture healing was mod-
erate, with a kappa value of 0.564 (95% CI: 0.511-0.616).
Subgroup analysis revealed that resident doctors had
slightly higher consistency (kappa=0.658, 95% CI: 0.542—
0.775) than senior attending doctors (kappa=0.486, 95%
CI: 0.370-0.603). However, after a four-week interval,
the overall consistency in fracture healing judgments
decreased to a fair level (kappa=0.324, 95% CI: 0.250—
0.398). Among senior attending doctors, consistency
remained higher (kappa=0.450, 95% CI: 0.294—0.624)
than resident doctors (kappa=0.133, 95% CI. 0.032—
0.298). There was considerable variation in intraobserver
reliability, with one observer showing almost perfect
agreement, one demonstrating high consistency, three
exhibiting moderate consistency, and one showing poor
consistency. Table 1 details the specific kappa values for
intraobserver reliability among the observers.

Regarding the subjective assessment and consensus
on fracture healing, the initial analysis demonstrated a
moderate correlation between each observer’s subjec-
tive evaluation and the final consensus, as indicated by
the Kendall tau-b correlation coefficient. The correlation
coefficients for each reviewer are presented in detail in
Table 2. In the second evaluation, the Kendall tau-b cor-
relation coefficients between the observers’ subjective
assessments of fracture healing and the final consensus
on union demonstrated significant variability, ranging
from low to high correlation. These specific correlation
coeflicients are detailed in Table 3.

In the assessment of interobserver and intraobserver
agreement using the RUSH score, among the 94 cases of
imaging data in the initial evaluation, there was a high
level of agreement among orthopedic trauma surgeons
regarding the total RUSH score (ICC=0.748, 95% CI:
0.663—-0.817). The agreement was higher when consider-
ing the cortical-only total score, which includes cortical
bridging and the cortical fracture line (ICC=0.787, 95%
CI: 0.706—-0.849). The cancellous-only total score, reflect-
ing trabecular calcification and the cancellous fracture
line, had a slightly lower agreement (ICC=0.668, 95% CI:
0.589-0.744). Group analysis showed that senior attend-
ings had higher consistency in RUSH total scores than
residents (senior attendings: ICC=0.780, 95% CI: 0.643—
0.862; residents: ICC=0.674, 95% CI: 0.527-0.779).

After four weeks, the orthopedic surgeon re-eval-
uated the RUSH scores for the 47 imaging data sets.
The interobserver agreement for the total RUSH score
decreased (ICC=0.574, 95% CI: 0.397-0.721). Despite
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Fig. 2 X-ray images with their corresponding RUSH scores at different periods of the same patient. Figures A and B depict early postoperative X-rays of
a patient, while Figure C represents the RUSH scores for A and B. Figures D and E show X-rays from later follow-up stages of the same case, with Figure F
displaying the RUSH scores for D and E

this decline, the senior attending physician group main- Statistical analysis of intraobserver consistency
tained higher consistency (ICC=0.698, 95% CI: 0.550— revealed that, after four weeks, two observers from
0.810) than the resident physician group (ICC=0.554, the senior attending group demonstrated nearly per-
95% CI: 0.246-0.748). fect agreement, with ICC values of 0.859 and 0.825,

while one observer showed a high degree of consistency
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Table 1 Intraobserver reliability of fracture healing assessment based on orthopedic trauma surgeons’subjective impressions

Residents Attendings

Number Kappa Significance(P) Number Kappa Significance(P)
Reviewer1 0.823 0.000 Reviewer 3 0.782 0.000
Reviewer2 0.081 0.480 Reviewer 4 0496 0.001

Reviewer6 0443 0.001 Reviewer 5 0.394 0.003

Table 2 The correlation between subjective impressions-based judgments and the consensus on fracture healing (first round)

Residents Attendings

Number Kendall tau-b 95%Cl Number Kendall tau-b 95%ClI
Reviewer1 0462 0.348-0.563 Reviewer 3 0.564 0464-0.650
Reviewer2 0.658 0.574-0.729 Reviewer 4 0.666 0.583-0.736
Reviewer6 0.577 0.479-0.661 Reviewer 5 0.508 0.399-0.602

Note 95%CI*(95% Confidence intervals)

Table 3 The correlation between subjective impressions-based judgments and the consensus on fracture healing (second round)

Residents Attendings

Number Kendall tau-b 95%Cl Number Kendall tau-b 95%ClI
Reviewer1 0.282 0.092-0.452 Reviewer 3 0498 0.336-0.632
Reviewer2 0.393 0.215-0.547 Reviewer 4 0.207 0.012-0.386
Reviewer6 0.440 0.268-0.585 Reviewer 5 0.737 0633-0.815
Note 95%CI*(95% Confidence intervals)

Table 4 Intraobserver consistency of the RUSH score Discussion

Residents Attendings

Number  ICC*  95%CI* Number ICC*  95%CI*
Reviewer? 0.828 0.711-0900  Reviewer3 0859 0.717-0926
Reviewer2 0523 -0.062-0.794 Reviewer4 0.642 0438-0.784
Reviewer6 0642  0.391-0.795 Reviewer5 0.825 0.700-0.900

Note ICC* (Intraclass correlation coefficient), 95%CI*(95% Confidence intervals)

(ICC=0.642). Among the resident physicians, the
intraobserver agreement ranged from almost perfect to
moderate, with ICC values of 0.828, 0.523, and 0.642,
respectively (Table 4).

We conducted a regression analysis on the average
total RUSH score, the average cortical bone item score,
and the average cancellous bone item score, followed by
plotting ROC curves (Fig. 3). The results demonstrated
a strong correlation between all three metrics and frac-
ture healing consensus, with AUC values of 0.769 (95%
CIL: 0.670-0.868), 0.779 (95% CI: 0.681-0.876), and 0.771
(95% CI: 0.674—0.867), respectively. The optimal cutoff
values, as determined by the Youden index, were 25.917
for the total score, 21.415 for the cortical score, and 4.915
for the cancellous score. The cortical bone item score had
the highest AUC. In practice, a cortical bone item score
greater than 21 can be used as a threshold for determin-
ing fracture healing, corresponding to a sensitivity of
0.660 and a specificity of 0.864.

Although the fracture healing process typically pro-
gresses through four stages—hematoma and inflamma-
tion, soft callus formation, hard callus formation, and
remodeling—clinical ~decision-making and research
often simplify these outcomes into two categories: healed
or non-healed [11]. However, there is no universally
accepted standard for assessing fracture healing in clini-
cal practice and research [12]. The routine use of biop-
sies or advanced imaging techniques is often impractical
due to cost and invasiveness, leading clinicians to rely on
more accessible but less precise methods like conven-
tional radiography [3]. Traditional X-ray imaging offers
several advantages, including wide availability, low cost,
and a low radiation dose. Nevertheless, there is ongoing
uncertainty regarding the consensus among orthopedic
surgeons regarding assessing fracture healing [12].
Whelan et al. have emphasized that the reliable assess-
ment of cortices bridging suggests its utility in evaluating
tibial fracture healing, particularly when an intramed-
ullary nail is present [13]. This approach is formalized
through the Radiographic Union Score for Tibial (RUST),
which aims to standardize fracture healing assessments
based on plain radiographs [5]. Similarly, Bhandari et al.
developed a Radiographic Union Score for Hip (RUSH)
checklist to improve the femoral neck fracture healing
assessment. This scoring system enhances radiographic
evaluations’ consistency and boosts interobserver and
intraobserver reliability [6]. RUSH was constructed by
integrating various definitions and criteria for fracture
healing found in the literature, such as bone bridging and
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Fig. 3 lllustrates the receiver operating characteristic (ROC) analysis of the RUSH score

the disappearance of the fracture line. Furthermore, in a
study focused on standardizing intertrochanteric fracture
healing assessment, Chiavaras et al. utilized the RUSH
methodology, which significantly enhanced consensus
among radiologists and orthopedic surgeons [8].

Our study assessed both interobserver and intrao-
bserver reliability in evaluating subtrochanteric frac-
ture healing. The results indicate that the consistency
of orthopedic trauma surgeons’ subjective impressions
of healing was only moderate (Kappa=0.564, 95% CI:
0.511-0.616). This level of agreement is higher than
that reported by Chiavaras et al. for overall impression-
based fracture healing assessments by radiologists and
orthopedic trauma surgeons for intertrochanteric frac-
tures (ICC=0.34, 95% CI: 0.11-0.52) [8], and exceeds
the consensus level reported by Bhandari et al. for inter-
trochanteric fractures assessed by surgeons and radiolo-
gists (ICC=0.50, 95% CI: 0.33-0.62) [14]. It states that
the agreement among surgeons in subjective assessments
of hip fracture healing on X-rays is moderate, regardless
of whether the fractures are femoral neck, intertrochan-
teric, or subtrochanteric.

Using the RUSH scoring system, the six observ-
ers achieved a high level of consistency with an ICC of
0.748 (95% CI: 0.663-0.817). This ICC value is between
those reported by Chiavaras (0.66) [8] and Bhandari
(0.88) [14]. When comparing different experience lev-
els, senior attendings at our center demonstrated greater
consistency in overall RUSH scores than orthopedic resi-
dents. However, after a four-week interval, the general

agreement among observers slightly decreased to an ICC
of 0.574 (95% CI: 0.397-0.721), although senior attend-
ings still showed higher consistency than residents. These
results suggest that clinical experience may improve the
reliability of orthopedic surgeons in using the RUSH
scoring system for evaluating fracture healing.

Analysis of intraobserver agreement revealed that after
four weeks, two senior attendings achieved nearly per-
fect agreement, while one attained a high level of con-
sistency. In contrast, orthopedic residents exhibited a
range of internal consistency, including nearly perfect,
moderate, and high levels. These results suggest that the
intraobserver agreement among our orthopedic trauma
surgeons using the RUSH scoring system for subtrochan-
teric fractures is not as robust as reported in other stud-
ies. However, the greater experience of senior orthopedic
trauma surgeons in interpreting X-ray images contributes
to their higher consistency in scoring.

Chiavaras et al. performed separate statistical analy-
ses for the components of fracture line disappearance,
including four cortical areas and one cancellous area, as
well as the items related to calcification, which included
cortical bridging and cancellous trabecular consolida-
tion. Their ICC values for these components were 0.68
(95% CI: 0.56—0.77) for cortical bridging and 0.57 (95%
CIL: 0.43-0.69) for cancellous consolidation [8]. How-
ever, we performed separate analyses on 8 cortical and
2 cancellous bone-related items. The ICC for cortical
bone-related items was 0.787 (95% CI: 0.706-0.849) in
the initial evaluation of 94 imaging data sets, whereas the
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ICC for cancellous bone-related items was 0.668 (95%
CI: 0.589-0.744). This data shows that our segmentation
method yielded higher reliability than Chiavaras’ study
due to subtrochanteric fractures predominantly involving
cortical bone, making identifying cortical fracture lines
more straightforward than assessing cancellous bone
fracture lines. On the contrary, accurately distinguish-
ing the disappearance of fracture lines and evaluating the
degree of trabecular calcification in the cancellous bone
region of subtrochanteric fractures poses more signifi-
cant challenges for orthopedic trauma surgeons.

Frank et al. evaluated postoperative X-rays of 250 fem-
oral neck fractures at six months, which were treated
using cancellous bone screws or sliding hip screws. They
employed the RUSH scoring system for their assess-
ment. With just two observers involved, the study dem-
onstrated high interobserver consistency, achieving
an ICC of 0.81 (95% CI: 0.76-0.85). Furthermore, ROC
analysis revealed that a RUSH score of less than 18 exhib-
ited a perfect specificity and positive predictive value of
100% for identifying radiographic nonunion [9]. Through
regression analysis and ROC curve plotting, we identi-
fied strong correlations between the average total RUSH
score, average cortical bone item score, average cancel-
lous bone item score, and the consensus on fracture
healing. The optimal cutoff thresholds were determined
to be 25.917 for the total score, 21.415 for cortical bone
items, and 4.915 for cancellous bone items. For practical
application, we chose a cutoff value of 21 points for the
total score of cortical bone-related items. This threshold
enhanced sensitivity (0.660) and specificity (0.864) in
evaluating fracture healing. Compared to Frank’s inves-
tigation, orthopedic surgeons at our center use more
stringent criteria for assessing the healing of subtrochan-
teric fractures, allowing only minimal visibility of cortical
bone fracture lines or absence of callus in one direction.
We did not perform ROC analysis for nonunion, so no
threshold for assessing nonunion has been established.

Our study has several limitations. Firstly, our ortho-
pedic trauma surgeons were new to using the RUSH
scoring system. Despite receiving training, variations
in their understanding and interpretation of the system
could have affected the results. Furthermore, due to the
infrequent occurrence of subtrochanteric fractures,
we had to use multiple sets of X-ray images from some
patients at different follow-up times. Although we ran-
domized the image order twice, some residual bias may
still exist. Additionally, during the X-ray imaging pro-
cess, variations in operator technique and patient coop-
eration sometimes prevented us from obtaining ideal
orthogonal views for both frontal and lateral images.
Some images were obtained at oblique angles, which may
have impacted the scoring accuracy. Nonetheless, these
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conditions reflect real-world clinical practice and con-
tribute to the generalizability of our findings.

Conclusions

To summarize, our study demonstrates that utilizing the
RUSH scale enhances the consistency of evaluating sub-
trochanteric fracture healing among orthopedic trauma
surgeons, regardless of their experience level. A simpli-
fied RUSH scoring system, focusing on eight cortical
bone-related items, can be utilized in subtrochanteric
fractures. It is essential to acknowledge that the ideal
method for assessing fracture healing should incorporate
clinical and radiographic assessments. Future research
should investigate incorporating clinically relevant data
into this scale to improve its reliability.
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