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Background: Nonunion of lateral humeral condyle fracture causes cubitus valgus deformity. Although corrective osteotomy or osteo-
synthesis can be considered, there are controversies regarding its treatment. To evaluate elbow joint biomechanics in non-united lateral
humeral condyle fractures, we analyzed the motion of elbow joint and pseudo-joint via in vivo three-dimensional (3D) kinematics, using
3D images obtained by computed tomography (CT) scan.

Methods: Eight non-united lateral humeral condyle fractures with cubitus valgus and 8 normal elbows were evaluated in this study. CT
scan was performed at 3 different elbow positions (full flexion, 90° flexion and full extension). With bone surface model, 3D elbow mo-
tion was reconstructed. We calculated the axis of rotation in both the normal and non-united joints, as well as the rotational movement
of the ulno-humeral joint and pseudo-joint of non-united lateral condyle in 3D space from full extension to full flexion.

Results: Ulno-humeral joint moved to the varus on the coronal plane during flexion, 25.45° in the non-united cubitus valgus group and
-2.03° in normal group, with statistically significant difference. Moreover, it moved to rotate externally on the axial plane -26.75° in the
non-united cubitus valgus group and -3.09° in the normal group, with statistical significance. Movement of the pseudo-joint of fragment
of lateral condyle showed irregular pattern.

Conclusions: The non-united cubitus valgus group moved to the varus with external rotation during elbow flexion. The pseudo-joint
showed a diverse and irregular motion. In vivo 3D motion analysis for the non-united cubitus valgus could be helpful to evaluate its kine-
matics.

(Clin Shoulder Elbow 2018;21(3):151-157)
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Introduction

Three-dimensional (3D) image data of the human body can
provide a great deal of information. Hence, 3D-simulated navi-
gation surgery has been gaining popularity in total knee arthro-
plasty. Moreover, the elbow joint motion has been introduced
by a variety of techniques."” However, a few studies have re-
ported the use of 3D imaging in the upper extremity, including
the hand and elbow.™”

In general, if patients with nonunion of the lateral humeral
condyle fracture have no symptoms, there is no need for surgical
treatment. However, nonunion of the lateral humeral condyle
fracture combined with cubitus valgus deformity and instability
often results in pain in the elbow, along with ulnar neuropathy
and cosmetic problems.”” Treatment for these patients remains
controversial. There are operative methods, such as corrective
osteotomy and osteosynthesis or distraction osteogenesis and II-
izarov frame fixation for correcting valgus deformity.'” However,
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these treatments are not physiologic, with a high rate of compli-
cations, such as avascular necrosis, and stiffness."'¥ Herein, we
attempted to analyze the motion of the elbow and pseudo-joint
of a non-united lateral humeral condyle.

Existing literature of elbow joint movement are derived from
various research methods, including simple radiographs, com-
puted tomography (CT), and magnetic resonance imaging scans
from cadavers. However, in vivo analysis of kinematics is scarce,
as most of these previous studies have been carried out in vitro.
We introduce in vivo analysis by 3D images obtained by CT
scans of the normal group and non-united cubitus valgus group.
In addition, we evaluate 3D kinematics, using computer simula-
tion. With the results, we want to evaluate elbow joint biome-
chanics in non-united lateral humeral condyle fracture and can
help to elucidate appropriate treatments with biomechanical
consideration.

Methods

This study was approved by the Institutional Review Board of
Kangbuk Samsung Hospital (No. KBC12114). From November
2011 to May 2018, we retrospectively studied 8 elbows with non-
united lateral humeral condyle fracture and 8 normal elbows.

The average normal carrying angle was 11° for adult males

and 14° for adult females." Cubitus valgus was defined as when
the side-to-side difference of the carrying angle between the
normal and non-united lateral humeral condyle fracture, as
measured by a goniometer, was greater than 15°.'” We divided
the subjects into two groups: the normal group and the non-
united cubitus valgus group (Fig. 1). The normal group was com-
posed of five males and three females. The non-united cubitus
valgus group consisted of five males and three females.

In all cases of non-united cubitus valgus, we measured the
carrying angle on plane radiograph. Elbows of all cases were
scanned by a low-dose CT scan (Light Speed Ultra 16; Ceneral
Electric, Waukesha, WI, USA) acquired using a 0.5-second scan
time, 10-mA tube current, and 120-kV tube voltage. CT scans
were performed at three different degrees of elbow position
(full flexion, 90° flexion and full extension). After the recorded
images were converted to Digital Imaging and Communica-
tions in Medicine data, we used a computer simulation program
(Bone Viewer™; Orthree Co. Ltd., Osaka, Japan) to construct
3D surface models of the humerus, ulna, radius, and non-united
fragment of lateral condyle. By superimposing the total elbow of
three positions of humerus based on semiautomatic markerless
surface-based registration technique using a computer program
(Bone Simulator™; Orthree Co. Ltd.), 3D motion was recon-
structed.

Fig. 1. (A-H) Radiographs of all cases of non-united lateral condyle humerus fracture.
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First, screw axis, which is determined in terms of rotation
around and translation along one unique axis, i.e., the 3D
deformity axis, using the screw displacement axis technique,
was calculated during flexion, and we defined it as the axis of
rotation (AOR).*” Movements of AOR during flexion in groups
were compared. We then calculated the rotational axis of the
ulno-humeral joint in the position from full extension to full
flexion. Based on the calculation, we analyzed the motion of the
rotational axis of ulno-humeral joint of elbow and pseudo-joint
of affected humerus and movement of the lateral condylar frag-
ment.

In this study, in order to analyze the 3D movements, we
used the reference coordinates as defined by the International
Society of Biomechanics.'"” First, the Y-axis was the center axis,
calculated from the moment of inertia of the humerus. The Z
axis was defined as the axis at which passes the Y axis and most
prominent point of the medial condyle. Moreover, the axis per-
pendicular to both the Y- and Z-axes was defined as the X-axis
(Fig. 2).

Then, we calculated the rotational movement of the ulna
relative to the humerus using the anatomical coordinate system
defined above. We prescribed the rotational values for varus (+)/
valgus (-) around the X-axis in the coronal plane (YZ), internal (+)/
external (-) rotation around the Y-axis in the axial plane (XZ), and
flexion (+)/extension (-) around the Z-axis in the sagittal plane
(XY) in the Euler angle space, respectively.

Statistical Methods

All statistical analyses were performed using IBM SPSS ver.
24.0 (IBM Co., Armonk, NY, USA), and values of p<0.05 were
considered statistically significant. The data about 3D rotational
movement were indicated as the median (interquartile range).
The data of two groups were compared using the Mann-Whit-
ney U-test.

Results

The average age of subjects was 41.50 years (30.25-50.50
years) in the normal group and 54.00 years (41.50-61.75 years)
in the non-united cubitus valgus group. In the latter, 3 cases in-
volved the dominant side of the elbow. The median of age at in-
jury was 7.00 years. The median time from injury to assessment
was 49.00 years (Table 1).

In the non-united cubitus valgus group, the carrying angle
was 29.50° (22.00°-33.75°).

Ulno-humeral joints of non-united cubitus valgus group
showed significant instability compared with the normal group
(Table 2). They moved the varus (25.45° [21.75° to 28.08° vs.
-2.03° [-3.33° to 2.20°], p=0.001) in the coronal plane with ex-
ternal rotation (-26.75° [-34.03° to -19.48°] vs. -3.09° [-4.95° to
3.95°, p=0.001) in the axial plane during flexion. On the other
hand, the rotational axis of the normal elbow showed minimal
changes during flexion like the hinge joint. While there was little
movement of AOR during flexion in the normal elbow, shifting
of AOR, which suggests instability, was observed in the non-
united cubitus valgus group (Fig. 3).

Table 1. Demographics for Subjects

Non-united cubitus

Variable Normal group

valgus group
No. of patients 8 8
Gender (male:female) 543 5:3
Age (yr) 41.50 (30.25-50.50) 54.00 (41.50-61.75)
Dominant side involvement - 3(37.5)
Age at injury (yr) - 7.00 (6.00-17.25)
Time from injury to - 49.00 (32.75-62.00)

assessment (yr)

Values are presented as number only, median (interquartile range), or number
(%).

Fig. 2. (A) Anatomic coordinate system of
three-dimensional motion for non-united
elbow joint in Euler angle space according
to International Society of Biomechanics.
(B) The rotational movement of non-united
elbow joint in Euler angle space, accord-
ing to the anatomical coordinate system.
Rotational values for varus (+)/valgus (-)
around the X-axis on the coronal plane (YZ),
internal (+)/external (-) rotation around the
Y-axis on the axial plane (XZ), and flexion
(+)/extension (-) around the Z-axis on the
sagittal plane (XY).
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Table 2. Data of 3-dimensional Rotational Movement of Ulno-humeral Joint of Two Groups

Patient No. Side Carrying angle (°)

X (varus [+]/
valgus [-]) (°)

Z (flexion [+]/

YR [+)/ER D €) extension [-]) (°)

Non-united cubitus valgus group

1 Left 21

2 Right 33

3 Right 27

4 Left 19

5 Left 25

6 Right 41

7 Left 32

8 Left 34

Median (IQR) 29.50 (22.00-33.75)
Normal group

1 Right

2 Left

3 Right

4 Left

5 Right

6 Right

7 Right

8 Left

Median (IQR)

p-value

21.3
26.6
27.7
23.1
459
24.3
18.2
28.2

25.45 (21.75-28.08)

-2.8
-35
2.3
-4.5
2.5
1.9
-1.9
-2.2
-2.03 (-3.33-2.20)
0.001

-31.4 106.1
-34.9 109.7
-18.1 134

-17.3 97.4
-23.6 110

-51.3 76.3
-24.2 128.2
-29.3 122.4

-26.75 (-34.03--19.48)  109.85 (99.58-126.75)

-5.9 148.8

-34 139.3
3.5 142.7

-5.2 143.2

-4.2 133.5
45 141.3
4.1 138.5

-2.8 143.6

-3.09 (-4.95-3.95) 142.00 (138.70-143.46)

0.001 0.001

IR: internal rotation, ER: external rotation, IQR: interquartile range.
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Fig. 3. The movement of axis of rotation
(AOR). The normal elbow joint (A) and the
elbow joint of the cubitus valgus during full
extension to full flexion (B). Arrows indicate
the direction of movement of the AOR in
full extension, 90° flexion, and full flexion.
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Table 3. Data of 3-dimensional Rotational Movement of Pseudo-joint of Non-united Lateral Condyle of Humerus

Patient No. Side X (varus [+]/valgus [-]) (°) Y (IR [+]/ER [-]) (°) Z (flexion [+]/extension [-]) (°)
1 Left 25 59 17.3
2 Right 9.2 -15.6 22.6
3 Right 1 -1.9 9.8
4 Left 19.2 15.2 -4.8
5 Left 7.4 -24.6 59.9
6 Right -0.1 34.6 53.9
7 Left 15.2 -32.2 -26.5
8 Left -15.4 -23.2 32.9
Median (IQR) 8.30 (0.18-18.20) -8.75 (-24.25-12.88) 19.95 (-8.55-48.65)

ER: external rotation, IR: internal rotation, IQR: interquartile range.

Movement of the lateral condyle in pseudo-joint varies from
case to case (Table 3). In two cases, the lateral condyle moved
along a similar course as the ulno-humeral joint in 3D plane
(varus-external rotation-flexion; Table 3, patient No. 2, 5). In
three cases, they extended during flexion (Table 3, patient No. 3,
4, 7). In three cases lateral condyles rotated internally, opposite
to ulno-humeral joint (Table 3, patient No. 1, 4, 6). One case
showed little or no movement (Table 3, patient No. 3).

Discussion

Non-united lateral humeral condyle fracture may cause cu-
bitus valgus deformity, pain, apprehension, or ulnar neuropathy.
These symptoms are possibly triggered during elbow flexion."”
One of the choices that could treat this valgus deformity is cor-
rective osteotomy with osteosynthesis. However, there are vari-
ous complications associated with this treatment, including fail-
ure of bony union, limitation of range of motion, and avascular
necrosis. The treatment for these patients remains controversial.
Moorehead' did not treat a case of old lateral condyle fracture
on a 17-year-old patient due to tolerable pain and acceptable
range of motion. Masada et al.*” reported 30 cases of those who
were treated by surgery. After osteosynthesis, pain and appre-
hension disappeared; however, the range of motion of the el-
bow decreased. The author stated that osteosynthesis is required
for the treatment of non-united lateral humeral condyle fracture
only if a patient has serious symptoms in the elbow. They also
reported that the results were better in children than in adults.
However, Toh et al."” reported 19 elbows in 18 patients that
were divided into two groups on the basis of size of the fragment
and location of the fracture line. He analyzed the type of symp-
toms, carrying angle, range of motion, and functional score. In
the case of Milch Type-I injury (non-united fragment transverses
lateral to the capitello-trochlear groove), patients showed more
frequent symptoms, restricted range of motion, and low func-

tional score, compared with Milch Type-Il injury (non-united
fragment passes through the capitello-trochlear groove). The au-
thor insisted that most cases of Milch Type-I injury are symptom-
atic and surgery should be considered. Miyake et al.”” reported
10 patients who were treated with osteosynthesis; eight patients
of Milch Type-Il injury achieved osseus union, while 2 patients
of Milch Type-I injury showed nonunion or delayed union. In 9
of 10 cases, the total arc of motion was reduced by an average
of 20°. In that study, they stated that osteosynthesis is indicated
for the treatment in Milch Type-II (non-united fragment passes
through the capitello-trochlear groove) long-lasting nonunion
of the lateral humeral condyle associated with pain. Gong et
al.”? reported 11 cases who underwent surgical treatment. Pain,
ulnar neuritis, and functional outcomes improved significantly.
However, the combined range of motion decreased by a mean
of 11.4°. Here, we recommend osteosynthesis to treat chronic
neglected lateral condyle humeral fracture, especially when pa-
tients reveal severe pain, instability, ulnar nerve symptoms, and
poor functional score. The gold standard of treatment of non-
united lateral humeral condyle fracture remains unclear.

The severity of cubitus valgus can be obtained by measuring
the carrying angle. Conventionally, the carrying angle was esti-
mated two-dimensionally on a plain radiograph.” In a previous
study of authors," 3D carrying angle of 25 normal elbow joints
were evaluated using the CT scans. The calculated 3D carrying
angle was 20.7°, which was slightly greater than the convention-
al two-dimensional carrying angle. Despite our efforts to clarify
the true carrying angle, the result was derived from static cir-
cumstance, without considering the motion of the elbow joint.
This study is meaningful for figuring out the carrying angle in vivo
from dynamic perspectives. Moreover, in a dynamic situation,
the 3D carrying angle could be compared between the normal
and deformed elbow joint group.

In a simulation study, the rotational axis of normal elbows
demonstrated a hinge joint movement with minor movement
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of AOR. This is compatible with previous studies about normal
elbow joint motion.”*" In cases of non-union, AOR moves
during flexion. Ulna moves to varus and external rotation direc-
tion, toward the humerus, resulting in instability and potential
destruction of the joint surface, as also shown in previous stud-
ies.”*” It is known that the ulnar neuropathy is related to the
dynamic structural changes along with the elbow flexion.”*”
External rotated ulna could rub the humerus on the elbow joint,
leading to cartilage defect like osteoarthritis. Likewise, symp-
toms of non-united lateral condyle humerus fracture should be
interpreted from a kinematic point of view. The pseudo-joint
consisted of non-united fragment and moved in various and ir-
regular directions during elbow flexion. Non-united fragment
of lateral condyle was probably influenced by the radial col-
lateral ligament and lateral ulnar collateral ligament. Four cases
in which the pseudo-joint rotated externally in the axial plane
(Table 3, patient No. 2, 5, 7, 8) were deformed severely to the
cubitus valgus compared with other cases. It has been difficult
to find any regularity of the pseudo-joint motion to date; Further
research containing more subjects will be necessary to analyze
and categorize the motion of pseudo-joint with 3D simulation.
Moreover, such a study can provide significant information to
treat non-united lateral condyle humerus fracture.

From the simulation results, we were able to visualize the
3D motion of normal and non-united elbow joint, analyze mo-
tion of ulno-humeral joint and pseudo-joint, during flexion. We
confirmed a positive consideration of osteosynthesis of the non-
united bony fragment based on the motion analysis of the bony
fragment, not only for corrective osteotomy for correction of the
valgus deformity, but also for reconstruction of stable elbows.
Furthermore, 3D pseudo-joint motion can help to decide the
surgical technique or determine the role as a template in correc-
tive osteotomy.*”

This study has several limitations. First, we measured the
elbow motion under just 3 sequential static postures. It does
not reflect all real dynamic kinematics. Intermediate action and
position of elbow motion might present some errors, because
they were reconstructed by interpolation of 3 images. Second,
the elbow is not only a hinge joint, but also a trochoid joint. We
focused on the ulno-humeral joint, which can just bend and
stretch. The non-united lateral condyle fragment adjoins the
radial head, which can rotate toward the ulna. It would be insuf-
ficient to analyze the pseudo-joint motion. Third, although we
used a lower radiation dose than that used in routine diagnostic
CT, there was a risk of radiation exposure. A previous experi-
mental study showed that the radiation exposure required by
this system is one thirtieth that of the normal radiation dose as-
sociated with a conventional diagnostic CT scan with similar ac-
curacy.” Fourth, our database is still small. Although the pseudo-
joint showed various motions from case to case during elbow
flexion, it was difficult to find regularity.
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Further studies comparing 3D kinematics and severity of
symptoms of the affected elbow joint can provide more in-
formation to explain how cubitus valgus and elbow instability
can lead to typical symptoms. In addition to the fracture type,
symptom severity, cosmetic issue, as well as 3D kinematic view-
point of ulno-humeral and pseudo-joint would be reflected in
consideration of surgical indication, by following researches. We
expect that 3D kinematics will be referred not only to decide
whether or not to perform surgery, but also to select the surgical
technique based on the biomechanical behavior of the bony
fragment. However, with this study, we suggest that osteosynthe-
sis should not be considered with non-united fracture with good
elbow range of motion.

Conclusion

The 3D computed simulation system provides important
information about the 3D deformity and 3D kinematics of el-
bow motion. As is known in this study, the normal elbow joints
showed nearly a hinge-joint motion during its flexion, while
ulno-humeral joint in the non-united elbow joints showed
instability without fixed AOR. Ulna rotated to varus direction
in the coronal plane and rotated externally in the axial plane.
Pseudo-joint showed diverse and irregular motion. A study via
3D real dynamic kinematics is needed to analyze the symptom
development according to the location of non-united fragment
in patients with specific symptoms and to consider surgical treat-
ment accordingly. Based on this study, we confirmed the pos-
sibility that 3D simulation could give more information and be
an indicator of treatment of non-united lateral condyle humerus
fracture.
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