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Abstract
Introduction: The malrotation of supracondylar humerus fractures (SCHF) often occurred, prolonging the
reduction time during operation. An effective method should be established to achieve accurate reduction
rapidly.

Methods: Three dimensional (3D) printed humerus models were used to obtain the linear correlation
equation between the width and projection degrees. Then, transverse fracture was performed in the peak
of the humeral olecranon fossa of 3D printed models, which was examined by C-arm in the lateral 45°
oblique position. Then, ten images in models and �ve cases in clinics with internal or external rotation
within 90° were selected, as their rotation direction and degrees were evaluated by �ve orthopedic
surgeons. Finally, the intraclass correlation coe�cient (ICC) and Kappa statistic were used to analyze the
accuracy of this novel method.

Results: After linear regression analysis, the equation was obtained to show the correlation between the
distal fracture line width and the rotation degrees. With the application of this method, the observers
correctly predicted the rotation direction in 96% and correctly predicted the rotation degrees in 86% of
models with a superior ICC value. Especially in the rotation range from -45° to 45°, the accuracy of
rotation direction and degrees could reach to 100% and 93.3%. Also, it has an equally accuracy (24/30) in
�ve clinical cases.

Conclusions: This method provided a simple and e�cient method for correcting intraoperative rotational
displacement in patients with SCHF. By using this method, it can rapidly correct the malrotation
displacement during operation, in order to distinctly shorten operation time, reduce bleeding volume and
potential skeletal muscle injuries.

Introduction
Supracondylar humerus fractures (SCHF) are the most common elbow injury in children due to
anatomical factors, which account for 53% in elbow fractures, and 3% in all fracture types1. The leading
causes of SCHF in children is over-extension or over-�exion arise from falling, which can be divided into
extension type (97%) or �exion type (3%)2. Generally, SCHF can be divided into 4 types according to the
modi�ed Gartland classi�cation criteria1,2. Type  fracture is characterized by no displacement, while
good results can be achieved by conservative treatment. Type -  fractures have obvious displacement3,
while type  fracture have no periosteal hinge, presenting a risk of neurovascular damage2,4. Clinically, the
optimal treatment is closed reduction and percutaneous pinning (CRPP)5–7. However, due to the complex
and instable fracture patterns, anatomic reduction can be challenging. During operation, poor rotation
alignment often occurred during reduction, which can result in rotational deformity frequently, in terms of
cubitus varus deformity (CVD). Although the rotation deformity of SCHF has a certain range of
acceptance, it still needs to be corrected as far as possible8. At present, the intraoperative �uoroscopy
position is the standard anteroposterior (A-P) and lateral position of the elbow joint, yet there is no
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recognized method to evaluate the malrotation parameters, contributing to long-term reduction,
redundant bleeding, and tissue injury. Given these clinical issues of elbow malrotation, few schemes for
improving intraoperative �uoroscopy have been put forward in recent years. Among them, Henderson
tested a mathematical method of measuring axial plane malrotation with good intraclass correlation
coe�cient (ICCs) in a pediatric SCHF model based on plain radiographs9. Although this method has high
accuracy in calculating the rotation degrees, yet it may be complex and cannot assess the rotation
direction during operation, which may misguide the surgeons to the opposite direction in the process of
reduction. In addition, Pooja Prabhakar estimated the axis and degrees of malrotation within 5 degrees in
three-dimensional (3D) printed SCHF models with approximate 75% accuracy10. However, this method is
also unable to determine the direction of rotation, and the range of rotation is restrictive, which may not
suitable in the cases of fractures with severe rotation deformity.

By utilization of 3D printed elbow models, the purpose of this study was to demonstrate the role of 45°
oblique position in presenting the rotational direction and degrees of distal humeral condyle during
operation. As the mathematical model was established, the evaluation of rotational range can be
expanded to 180° in order to assist surgeons in correcting intraoperative malrotation of SCHF more
accurately and rapidly.

Methods
Approval from the ethical committee of The Third Xiangya Hospital was obtained and the informed
consent was acquired from the patients. To deal with SCHF in a 14-year-old male child, we performed
computed tomography (CT) and three-dimensional (3D) reconstruction of the contralateral elbow joint.
The fracture level was the peak point of humeral olecranon fossa, which located about 3.5 cm away from
the elbow joint. The width of this section was measured from the standard A-P position to the lateral
position in every 5° increments, and a mathematical model was established by regression analysis (Prism
7.0 software. CA. USA), in order to �nd the changing rules of this section width.

As the clinical anatomical characteristics of distal humerus varied greatly due to age, development, and
other individual factors, it was di�cult to achieve a uniform and compromised humerus shape. Thus, 3D
printed models were used in this study. At �rst, the intact humerus models were placed in the middle of
the C-arm (United Image, Shanghai, China), and the width of peak level of humeral olecranon fossa was
measured at different degrees from the standard A-P position to the lateral position (every 5°, a total of
180°). Finally, a “best �t” line was obtained by regression analysis.

On the 3D printed model, the transverse osteotomy was performed by using the pendulum saw (ZAZJ- ,
Ziai Corporation, Shanghai, China), with the osteotomy level located in the peak of the humeral olecranon
fossa. Then, the bone fragments were reconnected by a 2.0 mm kirschner wire on the longitudinal axis of
the humerus, and the C-arm tube was uniformly placed in the lateral of the models (45° oblique position)
so that the different between sides can be ruled out. After that, the rotation direction and degrees of the
distal humeral condyle were controlled according to the previously established method10, while the
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proximal humerus was �xed. Taking the longitudinal axis of the humerus as the rotation axis, the distal
humerus was operated to rotate internally (the distal ulnar column rotated anteriorly) or externally (the
distal ulnar column rotated posteriorly) in total of 180° (every 5°). In the meantime, the width of distal
fracture line was measured so as to get the “best �t” line.

Ten �uoroscopy positions with internal or external rotation within 90° were randomly selected, and the
validity of this novel method was veri�ed by dark box method. In brief, �ve orthopedic surgeons (1
attending and 4 residents) were recruited to evaluate the rotation direction of distal humerus by standard
A-P, lateral view and lateral 45° oblique position. The rotation degrees were not requested to evaluate due
to the restriction of clinical experience. After that, the width of distal humerus fracture line was measured
to determine the rotation direction and exact degrees by using this novel method. Among them, the
difference within 5 degrees was acceptable and can be considered as a “correct” estimation. Finally, the
Kappa statistic and the intraclass correlation coe�cient (ICCs) were analyzed by SPSS 25.0 software
(IBM, NY, USA).

Moreover, in order to make this method from beach to bed, six children with SCHF were scanned by X-ray
of standard A-P, lateral and 45° oblique views during operation. Similarly, the rotation direction and
degrees of distal humerus fracture were estimated by the same �ve surgeons based on the established
method. Finally, 3D reconstruction of elbow joint was performed to display the exact rotation orientation
and degrees.

Statistical analysis: All data were shown as means and standard deviations (M ± SD). The Kappa statistic
and the intraclass correlation coe�cient were used to analyze the reliability of review process by SPSS
25.0. The signi�cance level was set at P < 0.05.

Results
Linear regression analysis of clinical data found that the measured width of the distal humerus directly
correlated with the rotation degrees in a 14-year-old male child. As it was shown in Fig. 1, the width of the
targeted section was the largest (36.73 mm) when the projection degree was 0 ° (in terms of A-P
position). With the increase of the rotation degrees, the width could be decreased gradually, until the
minimum value (15.98 mm) was obtained when the projection degree was 90° (in terms of lateral
position). Finally, regression analysis was performed and demonstrated that the trend was linearly
correlated and had a high degree of �t, and the R square was 0.982.

With the application of 3D printed normal elbow joint, it was found that the measured width at the peak
of humeral olecranon fossa was also linearly correlated with the rotation degrees. When the projection
degrees was 0°, the width was the maximum (59.8 ± 1.0 mm). With the increase of the projection degrees,
the width decreased gradually, until the minimum value (22.6 ± 0.2 mm) was reached in the lateral view
(Fig. 2A). Finally, the equation ( ) was obtained, while Y represented the measured
width and X represented projection degrees. The regression analysis demonstrated that the trend was

Y = 57.39 − 0.41X
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linearly correlated and with the application of 3D printed model, it has a higher �t degree, with its R
square was 0.99 (Fig. 2B).

In the lateral 45° oblique position, the width of the distal fracture line could be measured by rotating the
distal humerus, while the proximal part was �xed. The diagram in the center of Fig. 3 represented the
correlation between the distal fracture line width and rotation degrees, as the distal medial condyle
rotated posteriorly de�ned as internal rotation and the distal medial condyle rotated anteriorly de�ned as
external rotation. Meanwhile, the peripheral X-ray �lm marked with measured widths corresponded to the
representative rotation degrees. It can be found that the width of the distal fracture line decreased from − 
45° (external rotation) to 45° (internal rotation) in 5-degree increments, which is basically consistent with
the linear regression curve obtained in Fig. 2B. As it was shown in Fig. 3, once the distal fracture line
width was larger than that of the proximal fracture line width, it could be determined as external rotation,
and vice versa. Therefore, the rotation direction of distal humerus can be intuitively determined based on
this. When the distal humeral condyle rotated to 45°, the distal fracture line width reached the maximum
or minimum value, which were 59.7 ± 1.8 mm and 22.2 ± 0.4 mm, respectively. As the rotation degree was
larger than 45°, the distal fracture line width decreased with the increase of the rotation degrees. Thus,
there were two corresponding values of the rotation degrees under the same widths, which would confuse
the �nal judgement. By this time, the rotation degrees can be determined by the size of the medial or
lateral condyle of the humerus. Brie�y, due to the impediment of the capitellum, the larger the medial
condyle rotated anteriorly, the smaller the lateral epicondyle was. Similarly, the larger the medial condyle
rotated posteriorly, the more backward the medial epicondyle was. As it rotated less than 45°, the medial
condyle was located in front of the longitudinal axis of the humerus, while it rotated beyond 45°, the
medial condyle would be behind the midline. Therefore, the corresponding rotation degrees could be
determined by the above methods, so as to perform fracture reduction rapidly and precisely.

The width of distal humerus fracture line measured by 5 orthopedic surgeons had excellent reliability, as
the overall ICC value can reach to 0.998 (Table 1). Moreover, as it was shown in Table 2, the evaluation
accuracy of the rotation direction of distal humeral increased signi�cantly from 76–96% (P = 0.004),
especially within 45°, the accuracy can reach to 100% (P = 0.004). When the humeral condyle rotated
more than 45°, whether internal or external, the accuracy was 90%, which was higher than that before, but
with no statistical difference (P = 0.186). In addition, the overall evaluation accuracy of the rotation
degrees was 86.0% by using this established method. Among them, when the rotation degrees were less
than 45°, the accuracy could reach to 93.3%, which was higher than 75% (rotation degrees > 45°), but with
no statistically signi�cant (P = 0.067).

Table 1

Reliability of Measured Width of Distal Fracture Line
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  ICC 95%-L 95%-U

Overall 0.998 0.995 0.999

Rotate degrees < 45° 0.998 0.993 1.000

Rotate degrees > 45° 0.999 0.997 1.000

 

Table 2

Accuracy after Application of this Novel Method in Models

    Rotate direction Rotate degrees

Lateral view 38/50 (76%) -

45° Oblique view    

Rotate degrees < 45° 30/30 (100%) 28/30 (93.3%)

Rotate degrees > 45° 18/20 (90%) 15/20 (75%)

Overall 48/50 (96%) 43/50 (86%)

In �ve clinical cases, the rotation direction and degrees of SCHF were estimated by the same surgeons
based on the established method. Speci�cally, the direction of rotation was evaluated accurately (30/30),
especially with an evident rotation. The accuracy of rotation degrees is 50% (15/30), as its error was
allowed within 5°, due to the large anatomical variation of ages. When the error was allowed within 10°,
the accuracy could reach a higher level of 80% (24/30). Meanwhile. the overall ICC value can reach to
0.979 and the 95%CI is 0.933–0.997, which indicated a good reliability. Finally, a typical case of 5-year
child suffered from SCHF was shown in Fig. 4.

Discussion
Generally, at the lateral 45° oblique position of C-arm, the rotation direction, and degrees of the distal
humerus in the 3D SCHF models could be determined by three steps: (1) Compared the width of the distal
fracture line to that of proximal fracture line to clarify the rotation direction. If the width was smaller, it
could be considered as internal rotation of the distal humerus, while it must be external rotation
conversely. (2) In the range from − 45° (external rotation) to 45° (internal rotation) in Fig. 3, the exact
rotation degrees could be obtained by the established method: the width difference between the distal
and proximal fracture line divided by the slope (0.41), which was shown in the formula at Fig. 2B. (3) If
the rotation degrees were more than 45°, two rotation degrees could be acquired according to the line
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graph in Fig. 3, and the valid rotation degrees might be determined by observing the condyle features of
humerus. The more posterior the medial or lateral humeral condyle located, the greater degrees the distal
humerus rotated internally or externally. As the rotation deformities of SCHF in children in some
literatures represented the results that the malrotation degrees were mostly limited and the tolerated
degrees of malrotation were unknown1,11, anatomical reduction should be reached to the greatest extent.
Depend on this method, a mathematical model was successfully established to evaluate the direction
and exact rotation degrees of distal humerus accurately and conveniently. As a result, it can effectively
shorten operation time as well as reduce intraoperative radiation doses, bleeding volume and
musculoskeletal injury.

1.Prediction of the malrotation of comminuted SCHF
The method described in this study was suitable for simple supracondylar fractures of humerus
apparently. Nevertheless, the condyle of humerus was often robust and integral in SCHF of children due
to the tough periosteum and injury mechanism. Thus, the intercondylar fractures of humerus in children,
especially comminuted fractures, were extremely rare12. Regarding comminuted SCHF in adult, this
method was also applicable. The key point was to �x the distal comminuted fracture fragments into one
piece, in order to represent the continuous and �at distal fracture line. Then the rotation direction and
degrees could be determined by this established method, and the SCHF would be reduced by using
Joystick technology as soon as possible13.

2.The in�uence of rotation centroids
The distal fracture fragments in SCHF were often divided into different fracture types due to different
rotation axis, such as medial axis (ulnar column), lateral axis (radial column) and longitudinal axis of
humerus, due to the injury mechanism, violent characters, and tough periosteum in children1,13,14.
Although the rotation axis had some in�uence on the fracture reduction, but limited. Also, the method for
evaluating the rotation axis was also relatively simple and intuitive, and there are some literatures from
Pooja Prabhakar, which can estimate the rotation axis of SCHF with an accuracy of 76%10. Regarding of
SCHF with only rotation displacement, the rotation axis could be determined by the C-arm of the standard
A-P position during the operation. Speci�cally, in this study of transverse SCHF, the variation of the
rotation axis will not neither affect the width of the fracture line nor the subsequent assessment of the
rotation direction and degrees.

3. The prime degrees of oblique position by C-arm
The standard A-P and lateral position may not suitable for evaluating the rotation direction and degrees.
In this study, the regression analysis shown the width of supracondylar humerus in 3D models was
linearly distributed in different projection degrees. At the midpoint of the line graph in Fig. 3, in terms of
that, when the C-arm tube was in the lateral 45° oblique position, the width of distal fracture line had a
corresponding and unique value from − 45° (external rotation) to 45° (internal rotation). At this time, the
valuation accuracy of the rotation direction and degrees was very high, which can reach to 93.3%, also
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with a good ICC value. If the elbow was placed in a standard A-P or lateral position, the width value of the
distal fracture line was in the peak point. Once rotational displacement occurred, the width of the distal
fracture line would correspond to two values, which confused the estimation of malrotation severely.

4. Expand the evaluation scope of rotation degrees
Unfortunately, the evaluation scope of rotation degrees was often restricted in some established
literatures10. In this study, as the distal humerus rotated beyond 45°, the width of the distal fracture line
would be the same with the previous rotation degrees in Fig. 3, which may also limit the application of
this method in a certain extend. Thus, to extend the application range of the rotation degrees, even up to
180°, more solid methods for distinguishing the rotation degrees with the same width should be
established. In this study, the valid rotation degrees might be determined by observing the condyle
features of humerus. The more posterior the medial or lateral humeral condyle located, the greater
degrees the distal humerus rotated internally or externally. In this way, the evaluation accuracy of rotation
degrees could reach to 75%, whereas more solid research should be performed in the future.

5.Limitations
Although this three-step method was simple and effective to determine the rotation direction and degrees
of SCHF, a few limitations still existed as follows. First, there were some inevitable differences between
the application of 3D models and clinical SCHF. Brie�y, during operation, the speci�c �uoroscopy
position, including standard A-P, lateral and 45° oblique position, were not easy to obtain due to the
muscle traction and fracture rotation. In addition, this method preferred to evaluate the simple SCHF, with
malrotation combined with some lateral displacement. Assessment could be di�cult accompanied with
blurred distal fracture line in the comminuted SCHF or associated cubitus varus or valgus. Finally, the
anatomical characteristics of the distal humerus were di�cult to unify, due to different development of
ages, which may restrict the application of this method.

Conclusion
These results suggested that a novel and solid method was established to evaluate the rotation direction
and degrees with a high accuracy in the 3D printed elbow models, as well as clinical applications. Thus, it
may assist the orthopaedic surgeons to perform reduction rapidly and precisely. Although this novel
method meets a broad prospect, there is still abundant room for further progress in determining
malrotation and bene�ting clinical patients in the long term.
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Figure 1

Trends of width with different rotation degrees in an intact elbow of a14-year-old male child. (A) The level
across the peak of humeral olecranon fossa was selected as the site where fractures often occur, which
located about 3.5 cm away from the elbow joint surface. b. The widths with different projection degrees
were measured (every 5°, in total of 90°), represented by 0° (A-P position), 15°, 30°, 45°, 60°, 75°, 90°
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(lateral position). Scale bar = 2cm. C. Correlation between width and projection degrees. R square =
0.9817.

Figure 2

Establishment of an equation by scanning the 3D printed model through C-arm. (A) The width of peak
level of humeral olecranon fossa was measured every 5° in total of 90°, represented by 0° (A-P position),
15°, 30°, 45°, 60°, 75°, 90° (lateral position). Each width was measured by three times. Scale bar = 2cm.
(B) Correlation between width and projection degrees. R square = 0.9902.
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Figure 3

In the lateral 45° oblique position, the correlation between the rotation parameters (direction and degrees)
of the distal humeral condyles and the distal fracture line width. The �uoroscopy images in the left box
indicated external rotation, and the �uoroscopy images in the right box indicated internal rotation). Scale
bar = 2cm.
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Figure 4

A typical case of 5-year child. (A) The anteroposterior (A-P) view and lateral view of supracondylar
humerus fracture (SCHF). (B) During operation, the rotation direction and degrees (internal rotation, 10°)
were calculated by this established method, in terms of the 45° oblique view, as it was con�rmed by the
3D images. (C) The rotational deformity was corrected by rotating the forearm with 10 degrees externally.
(D) The A-P and lateral views of SCHF after �xation.
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