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Risk factors for pathological fractures of simple bone cysts of the
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Background: Simple bone cysts (SBCs) are common osteolytic lesions in children, which often lead to
pathological fractures of the non-weight-bearing bone (humerus) in patients. Cyst index is a classic index
to evaluate the risk of pathological fracture, but the reliability of this index is reduced due to the deviation
of cyst area in the frontal and lateral position and the subjectivity of the determination of cyst area. MRI
can clearly show the cyst boundary, the appointment cycle is long, and children need to be examined under
sedation, which cannot be judged by clinicians in time. Therefore, it is necessary to find a basic and simple
imaging evaluation index in clinic. The purpose of this study is to retrospectively analyze the risk factors of
pathological fracture of simple bone cyst of humerus in children.

Methods: The medical records and plain films of patients with SBCs from January 2014 to December 2021
were retrospectively analyzed. Patients were divided into a fracture group (35 cases) and a non-fracture group
(10 cases). The relationship between pathological fractures and the children’s age, gender, and cyst index was
analyzed. The presence of the pectoralis major and the link to the tendon insertion site of ectopectoralis and
anconeus lateralis (TEAL) of the lesion were also examined. Perform binary logistic regression analysis.
Results: Binary logistic regression analysis was performed on the age, gender, and cyst index, and whether
the lesion was located in the TEAL. The results demonstrated that the TEAL was an independent risk factor
for fractures [odds ratio (OR) =21.423, 95% confidence interval (CI): 2.409-190.539; P=0.006].
Conclusions: SBCs of humerus in children is often accompanied by pathological fracture. The lesion is
located at TEAL, so we should be alert to the risk of pathological fracture.
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Introduction recurrence rate of 30%. Due to the high risk of pathological

. . fractures and the persistent s toms of pain and lameness
Simple bone cysts (SBCs) are the most common osteolytic p ymp P ’

lesions in children, which usually occur in the long bones of
the extremities. In approximately 80% of cases, the lesions
occur in the proximal humerus and the proximal femur.
The main indication for the treatment of SBCs is the risk of
pathological fractures (1,2). Clinically, SBCs rarely achieves
complete cure, except with wide excision which has a
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surgery is currently the first choice of clinical treatment
for SBCs with lesions located in the weight-bearing part
(femoral neck). However, when the lesion is located in the
non-bearing part (humerus) and the risk of pathological
fracture is uncertain, there are many disputes about the

timing of treatment (3,4). All SBCs will heal by themselves,
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but they will not subside until the bone is mature. During
this period, it is often necessary to restrict movement
in order to avoid pathological fracture. If clinicians are
worried that the disease is too large or children have too
much activity and lead to fracture, it is usually preventive
aspiration and injection of methylprednisolone or surgical
intervention. When pathological fractures occur, the local
thin bone cortex makes internal fixation very difficult.
External fixation alone usually increases the risk of fracture
malunion. Therefore, identifying the risk factors for
pathological fractures in children with humeral SBCs is
crucial for the development of an appropriate timing of
operation and the best prognosis for the patients.

Kaelin and MacEwen presented the cyst index as an easily
reproducible method of assessing the mechanical resistance
of the cyst wall (5,6). The cyst index relates the area of the
cyst to the size of the bone expressed as the square of the
diameter of the diaphysis. It is proposed that the cyst index
can be used to evaluate the progress of cysts and the risk of
pathological fractures, so as to facilitate clinicians to make
judgments on whether reoperation is needed. However, a
further retrospective analysis by Vasconcellos ez 4l. suggested
that the cyst index was not associated with the risk of
pathological fractures (7). In view of this, it is imperative to
study the risk factors of pathological fractures. This current
research retrospectively analyzed 45 children with bone
cysts of the humerus and examined the risk of pathological
fractures and the timing of surgical intervention. We
present the following article in accordance with the STARD
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-22-290/rc).

Methods
Study design

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the ethical committee of the Shanghai
Children’s Hospital (No. 2017R023-F01). Written informed
consent for this study was obtained from all the children’s
parents.

The following inclusion criteria were applied: (I)
children aged 2-15 years old; (II) the lesions were all
located in the humerus; and (III) the X-ray films were all
typical imaging manifestations of SBCs. The following
exclusion criteria were applied: (I) the lesions were located
in the femur, tibia, or short bone, etc.; (II) patients had bone
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cyst lesions without surgery and atypical imaging findings;
and (IIT) patients with incomplete follow-up and imaging
data. The patients were divided into a fracture group
and a non-fracture group. Fracture group: pathological
fracture has occurred or pathological fracture occurs within
6 weeks after the lesion is found. Non-fracture group:
no fracture occurred after the focus was found, and no
fracture occurred within 6 weeks of the first follow-up. The
potential predictors of the risk fractures were tested using a
logistic regression model.

Statistical analysis of the relationship between
pathological fractures and age, gender, cyst index; and the
link between the TEAL and pathological fractures were
conducted.

Baseline characteristics

The medical records and imaging data of SBCs patients
admitted to the Department of Orthopedics of Shanghai
Children’s Hospital from January 2014 to December 2021
were retrospectively analyzed. A total of 46 patients satisfied
the inclusion and exclusion criteria. One patient who did
not receive X-ray examination before open reduction and
internal fixation was excluded. Finally, a total of 45 children
with a median age of 9 years (range, 3—13 years) were
enrolled in this study, including 35 males and 10 females.
One patient who did not receive X-ray examination before
open reduction and internal fixation was excluded, and a
total of 45 children were analyzed.

Immaging, cyst index, and the TEAL

The X-ray images all showed typical SBC lesions, which
were central osteolytic lesions, and larger lesions may thin
the bone cortex. Radiographs of pathological fractures
showed small septa and occasional tiny fragments (leaf-
foliation sign) within the cystic cavity, all of which were
lesions of the humerus.

The cyst index is measure using the area of the lesion
cyst on the frontal and lateral X-rays. It is obtained by
dividing the area by the square of the diameter of the
diaphysis by making a trapezoid at the cyst edge. A humeral
lesion cyst index of 4 or more is associated with a higher
risk of pathological fractures (5) (Figure I).

As for how to locate the muscle attachment point in the
plain, since the plain is the most basic examination, we can
only locate the humeral attachment point of the deltoid
muscle which is the most obvious in the proximal humerus.
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If the focus is located near the deltoid muscle attachment
point or partially near the deltoid muscle attachment point,
referring to the muscle anatomy of the shoulder, we believe
that TEAL is located on the bone cortex of the lesion (8,9).

Calculation of the cyst index

A total of 5 researchers, including 2 pediatric orthopedists,
2 radiologists, and 1 intern, calculated the cyst index and
determined whether the TEAL was attached to the cortical
bone of the lesion. If the error was greater than 0.1, the case
warranted recalculation, and the average of the results was
taken as the cyst index of the case. All researchers shared

Figure 1 The X-ray image of an SBC of the humerus.
Cyst index=((A+B)/2*H)/d" . SBC, simple bone cyst.
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the same opinion on the TEAL.

Statistical analysis

The SPSS22.0 software was used to organize and analyze
the data, and the results of the cyst index on the frontal and
lateral radiographs were assessed using 7-tests. A P value
<0.05 was considered statistically significant. For non-
normally distributed measurement data such as age, gender,
cyst index, and TEAL, the median and interquartile range
[M (P25, P75)] were used to represent the variables, and the
variables were analyzed by binary logistic regression to draw
the characteristics of the subjects. Binary logistic method:
forward selection. The difference was statistically significant
with P<0.05.

Results

In this study cohort, there were 10 cases in the non-
fracture group and 35 cases in the fracture group. There
was no significant difference in the cyst index between the
2 groups, as measured by 2 radiograph angles (5.16+2.06
vs. 5.17+05, P>0.05). Binary logistic regression analysis
was used to assess that the relationship between age,
gender, cyst index (over 4 points or less), and the presence
or absence of the TEAL. There was a relationship
between risk of fracture and muscle attachment point [odds
ratio (OR) =21.423, 95% confidence interval (CI): 2.409-
190.539; P=0.006] (1able I). In addition, most of the cases
in the fracture group were greenstick fractures (Figure 2A).
Examination of the medical history revealed that the
trauma mechanism was caused by mild violence during
shoulder extension and abduction. Radiographs revealed
a bone cyst at the proximal humerus and a pathological
fracture. When there is no muscle attachment point at the
lesion, the pathological fracture tended to be a dislocation

Table 1 Binary logistic regression analysis was used to assess that the relationship between age, gender, cyst index (over 4 points or less), and the

presence or absence of the TEAL

Risk factor B Ward () P value Exp(B) 95% Cl
Age 0.012 0.917 0.338 1.012 0.988-1.037
Sex -1.324 1.976 0.16 0.266 0.042-1.685
Cyst index 0.062 0.08 0.777 1.064 0.693-1.634
TEAL 3.064 7.553 0.006 21.423 2.409-190.539

The relationship between pathological fractures and age, gender, and cyst index. B, the regression coefficient; 95% Cl, 95% confidence
interval; TEAL, tendon insertion site of ectopectoralis and anconeus lateralis.
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Figure 2 Humeral bone cyst and its local anatomy. (A) A plain film of a patient with a greenstick fracture; (B) a plain film of a patient with a

dislocation fracture; (C) the blue area is the anatomy of the pectoralis major, and its insertion is at the ridge of the greater tuberosity of the

humerus. The green area is the anatomy of the deltoid muscle, and its insertion is at the deltoid tuberosity of the humerus.

fracture (Figure 2B), and the trauma was usually caused by
direct violence.

Discussion

Bone cysts are benign lesions at the epiphysis. Such
lesions will gradually separate with age, and the cyst may
eventually heal itself and be replaced by normal bone
tissue (10). Assessing the risk of pathological fracture is the
most important part of clinical treatment and an important
determining factor of surgical intervention (11).

Kaelin and MacEwen first proposed the concept of a cyst
index and pointed out that determining the exact timing
of the risk of pathological fractures is crucial for surgical
intervention. They found that fracture risk did not correlate
with cyst length and size, but rather had a significant
correlation with cyst index (5). However, Vasconcellos
et al. believed that the cyst index could not predict the
risk of pathological fractures, and suggested that when
measuring the lesion area, there was a huge difference
between the anterior and lateral radiographs, and there
were obvious errors between different operators. Thus, they
concluded that it is not possible to accurately measure the
actual size of the cyst (7). Pireau ez al. (12) showed that T'1-
weighted magnetic resonance imaging (MRI) was the best
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detection method for observing cyst area, cyst diameter,
and cortical bone thickness, and agreed with Kaelin and
MacEwen. Moreover, he concluded that there was no
significant difference in cyst area between frontal and lateral
radiographs (12).

Based on previous research, the relationship between
pathological fractures and cyst index, age, and gender
remains controversial. As a new factor, the relationship
between the TEAL and pathological fractures has rarely
been examined. Therefore, the relationship between
pathological fractures and age, gender, cyst index, and
the TEAL was analyzed in this investigation to explore
the risk factors of pathological fractures. The results
indicated that the occurrence of pathological fractures
was not correlated with cyst index, age, nor gender, but
was correlated with the TEAL at the lesion. Applying
the cyst index to our patient group did not prove to be an
accurate predictor of pathological fractures. The study
suggested that a cyst index cannot be used as a predictor of
fracture risk in patients, while lesions located in the TEAL
are an independent risk factor for pathological fractures.
Moreover, this report demonstrated that most of the
patients in the cohort suffered from mild trauma during
abduction and extension of the shoulder joint, and most of
the pathological fractures were located in the TEAL. Some
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scholars have reported shoulder pain in teenage women
after swimming (13). We speculate that the local cortical
bone at the lesion was thinned and weakened, and the
muscle attachment points of the pectoralis major and the
lateral head of the triceps were in the cortex of the bone.
At the same level, greenstick fractures occur when thin
cortical bone is interacted by forces of opposite vectors.
Given the high recurrence rate of SBCs, and incomplete
surgical curettage of the cyst wall in larger lesions being
the main factor for recurrence (14), our results may give
clinicians alternative treatment options. When the lesion is
large and the bone cortex of the lesion is not located in the
TEAL, the traditional surgical method cannot completely
remove the cyst wall without significant surgical trauma.
Patients can be given multiple hormones, autologous
bone marrow injections, synthetic bone grafts, and other
treatment methods (15) without worrying about the risk
of pathological fractures during the course of treatment.
As for locating the muscle attachment point in the plain
film. We could only locate the humerus attachment point
of the deltoid muscle, which is the most obvious proximal
humerus. Proximal to the muscle attachment point
(Figure 2C), referring to the muscle anatomy of the
shoulder, we observe that the TEAL is located on the
cortical bone of the lesion.

In clinical work, X-ray is often the most basic
examination method. Due to the excessive radiation of CT,
MRI is more accurate and has no radiation (12,16), but it
needs to be examined under sedation and the waiting time
is too long (3—4 weeks), which will delay the best treatment
opportunity of patients. Therefore, it is the most efficient
way to judge the risk of pathological fracture through the
most basic examination.

Conclusions

The results of this study will aid clinicians in making
a preliminary treatment plan after assessing the risk of
pathological fractures in patients with SBC.

There were certain limitations to this investigation,
including the small number of cases, and the inability
to precisely locate the attachment point of the tendon.
Nevertheless, these limitations were also identified in
previous study of fracture risk related to SBC (17).
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