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Abstract 
Introduction: A pathological fracture appears after a low-energy trauma or minor trauma on bones with a modified histological structure; 
sometimes, the patient reports shoulder pain antedating the fracture. The most common benign bone tumors that cause pathological fractures 
in children are simple bone cysts, aneurysmal bone cysts, non-ossifying fibromas and fibrous dysplasia. This type of bone tumors is usually 
asymptomatic until they reach a large size and cause a pathological fracture after minor trauma. The optimal treatment remains controversial. 
Our objective was to describe our modern treatment strategies of the large benign osseous tumors of the humerus complicated by pathological 
humerus fractures and histological aspects in these cases. Patients, Materials and Methods: The study was prospective and included patients 
who were diagnosed with pathological humeral fractures, which required surgically orthopedic treatment. We selected three cases of 
pathological fractures of humerus in children each with its particularities, treated in the Department of Pediatric Surgery and Orthopedics, 
Emergency County Hospital, Arad, Romania. Treatment included curettage of the cyst, sampling for histopathological (HP) examination, 
bone substitution and titanium elastic nails (TEN) osteosynthesis. Results: No complications and no recurrence were seen in the early 
postoperative period. Conclusions: Osteosynthesis with TEN and bone substitution is a viable option for treatment of pathological fracture 
of humerus, secondary to the osseous benign tumors, which required surgically treatment, despite the different HP aspects. By using a 
combined treatment in these cases, we eliminate the disadvantages of isolated use of the described techniques in the literature. 
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 Introduction 

The most common benign bone tumors that cause 
pathological fractures in children are simple bone cysts 
(SBC), aneurysmal bone cysts (ABC), non-ossifying 
fibromas and fibrous dysplasia. SBC and ABC are 
described usually in the same population (children and 
adolescents), especially in the long bones, and may show 
similar clinical or radiological features. The etiology of 
these two entities remains controversial. In most of the 
cases, the aspiration fluid from the cystic cavity is non-
specific; therefore, the diagnosis can be difficult [1]. 
SBC is categorized as a benign indeterminate neoplastic 
tumor and mainly involves the long bones especially the 
proximal humerus, followed by the proximal femur [2, 3]. 
Pathological fracture is often the first symptom, and 
paradoxically, these fractures determine healing of cystic 
lesion in 10–15% of patients. 

According to Jaffe & Lichtenstein (1942), based on 
the distance between the cyst and the growth plate, SBC 

is classified as active when the distance is less than 5 mm, 
and latent when the distance is larger than 5 mm [3, 4]. 
Kaelin (1995) is considering that the use of the cystic 
index (CI) defined as the measured cyst area, reported  
to the diameter of the diaphysis, implies the opportunity 
and timing of the surgery and is recommending clinical 
follow-up for femoral sites with CI <3.5 and humeral sites 
with CI <4 [4, 5]. Anyway, the optimal treatment remains 
controversial [6]. 

Treatment for SBC in the skeletally immature indivi-
duals includes nonoperative and surgical management. 
Macroscopically, the cavity may be filled with clear or 
yellowish fluid, which may be hemorrhagic in case of 
fracture. Conservative treatment that utilized injection as 
a method of treatment includes the use of: Methyl-
prednisolone acetate, bone marrow, combined Methyl-
prednisolone acetate with bone marrow, combined bone 
marrow with demineralized bone matrix or combined all 
of three substituents. Surgical treatment includes several 
options: curettage only, cyst excision, curettage with bone 
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graft (autograft or allograft), curettage with bone substi-
tution or flexible intramedullary nailing [7]. 

ABC is a benign, osteolytic, expansive and hemorrhagic 
bone lesion that generally involves the metaphysis of 
the long bones [8]. Various treatment options have been 
described for ABC: curettage, curettage with bone grafting, 
fibrosing agents or bone marrow injections, arterial emboli-
zation, adjuvant cryotherapy or radiotherapy, segmental or 
radical resections [9–16]. In cases of these two entities, 
small lesions with minimal destruction or expansion of 
cortical bone can be treated with intralesional procedures 
with, or without bone grafting. According to many authors, 
large cysts that determine enlarged areas of destruction or 
major expansion of cortical bone extending to the growth 
plate, should be scheduled for surgery [17–20]. ABC can 
be staged according to Capanna et al. classification [21]. 
Inactive cysts have a complete periosteal hull with defined 
sclerotic bone limits, while active cysts have an incomplete 
periosteal hull with defined bone limits. Aggressive cysts 
are described with indefinite margin and uniform osteo-
lysis. The active or aggressive behavior of this type of 
cyst in children requires curettage with a consistent 
recurrence rate or a radical excision of the affected bone 
segment. In this case, serious reconstructive challenges 
should be considered. Cyst maturation followed by ossifi-
cation may be observed either spontaneously or after 
extensive biopsy maneuvers [10, 22–26]. 

Histologically, the SBC’s cavity is delineated by a 
thin fibrous membrane, which may contain immature, 
calcified, flakey cement-like bone structure. In case of 
fracture, the usual microscopic aspect changes, mimicking 
an ABC [7]. The fibrous membrane thickens, becoming 
cellular, with fibroblastic reaction, osteoclastic giant cells, 
inflammatory cellular elements and hemosiderin and 
cholesterol deposits [27]. The microscopic findings of 
the ABC can be variable [28]. The essential histological 
features include multiple blood-filled cavernous channels 
but lack of the smooth muscle walls and endothelial lining 
of normal vasculature [28, 29]. 

Our objective, in this study, was to assess the 
diagnostic problems, histopathological (HP) aspects and 
treatment strategies in pediatric cases with large size 
bone cysts of humerus complicated with fractures. We 
chose these cases because all three children had intense 
daily physical activity being enrolled in professional 
sports (football, tennis and karate). 

 Patients, Materials and Methods 

This retrospective study analyzed three cases of 
pathological fracture of humerus secondary to a large 
bone cyst treated in the Department of Pediatric Surgery 
and Orthopedics, Emergency County Hospital, Arad, 
Romania. 

The patients were admitted in the Department of 
Pediatric Surgery and Orthopedics between January 2016 
and December 2018 and the parents gived their consent 
for clinical and paraclinical investigations, for surgical 
treatment, also for publishing the results of this study. 
The approval of the Ethics Committee of the Hospital 
for the publication of clinical and paraclinical data from 
patients was obtained. 

In all of the cases were noted the localization, the size 
of the cysts and their relationship with growth plate, the 
symptoms presented by the patient, the time of the 
evolution, personal and collateral medical history. Also, 
were noted the signs revealed at visual inspection and 
palpation of the fractures and imagistic aspects: radiography 
(X-ray) and computed tomography (CT). We completed 
investigation with laboratory tests [complete blood count, 
liver tests, kidney function, alkaline phosphatase (ALP) 
and tumor markers]. The conservative treatment that could 
be initiated in the first phase was refused by parents due 
to the prolonged immobilization and avoidance of physical 
effort involved until the healing of both fracture and 
bone cyst, as well as the, unreliable healing through this 
conservative treatment. Considering that conservative 
treatment does not always lead to healing, the age of 
patients and the location of the cysts near the proximal 
epiphysis of the humerus (in two cases), the type of 
fracture with peripheral neuro-circulatory disorders by the 
degree of fracture shift in the third case, as well as the 
sports activity of the patients, we have chosen the same 
therapeutic strategy in all three cases combining the 
methods described in the specialized literature: cyst 
decompression, sampling for HP examination, osteo-
synthesis with titanium elastic nails (TEN) and filling of 
bone defect with substitute bone. 

Treatment consisted in one stage surgery of the cyst 
and the pathological fracture. Under general anesthesia 
(endotracheal intubation) a longitudinal skin incision 
centered on the cyst was performed. The subcutaneous 
tissues and muscle mass were carefully dissected and the 
boney surface of the cyst and the fracture is exposed. 
We removed part of the thin and fractured cortical bone 
of the cyst for pathological analysis, then we performed 
curettage of the cystic walls. Osteosynthesis with TEN it 
begins with a small incision at the supracondylar region 
of the humerus after the fluoroscopic identification of the 
growth plate. The elastic nails are inserted retrogradely 
through the humeral condyle. Under fluoroscopic imaging, 
after reducing the fracture, the TEN are introduced across 
the fracture side. For bone substitution, we use 75% 
hydroxyapatite 25% tricalcium phosphate, 2–4 mm non-
symmetric granules. Local hemostasis was carried out 
and the wound was closed in layers. We chose TEN  
for osteosynthesis of pathological humerus fractures in 
pediatric group because it is simple surgical technique 
and load-sharing internal splint that does not affect open 
physis or growth plate, allows early mobilization and 
maintains alignment. 

The biopsy samples prelevated from the bone cyst 
cavity were introduced in a 10% Formalin fastening solution 
and sent to the Department of Pathology to confirm the 
positive and differential diagnosis by microscopic and 
immunohistochemical (IHC) exams. The HP study was 
performed on samples included in paraffin and stained with 
Hematoxylin–Eosin (HE) and green light trichrome, 
Goldner–Szekely (GS) technique. 

For a detailed microscopic evaluation of the tissue 
samples from the bone cyst lesions, we also performed 
an IHC study. For this purpose, the sliced tissue samples 
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sectioned with a microtome were collected on histology 
staining slides covered with poly-L-lysine for increased 
adherence of the tissue. All sections were dried in a 
thermostat, at 37°C, for 24 hours. In the meantime, the 
biological material became strongly adherent to the histology 
staining slides. In order to highlight the antigenic structures, 
the histological samples followed the classic immuno-
histochemistry protocol. The antigens were detected using 
3,3’-Diaminobenzidine (DAB, Dako) as chromogen. Contrast 
of nuclei was obtained through Mayer’s Hematoxylin 
staining. 

For our study, we have used the next antibodies: anti-
alpha-smooth muscle actin (α-SMA) (monoclonal mouse 
anti-human smooth muscle actin, clone 1A4, 1/100 dilution, 
Dako); anti-cluster of differentiation (CD) 34 (monoclonal 
mouse anti-human CD34 Class II, clone QBEnd 10, 1/50 
dilution, Dako); anti-Ki67 (monoclonal mouse anti-human 
Ki67, clone MIB-1, 1/50 dilution, Dako); anti-CD68 
(monoclonal anti-human CD68, clone KP1, 1/100 dilution, 
Dako). 

The HP study was performed using Nikon Eclipse 55i 
microscope, equipped with a 5 megapixel charge-coupled 
device (CCD) color camera from the Research Center for 
Microscopic Morphology and Immunology, University of 
Medicine and Pharmacy of Craiova, Romania. All images 
were captured and processed using Image-Pro Plus7 AMS 
software (Media Cybernetics Inc., Buckinghamshire, UK). 

 Results 

We present below some particular aspects of the bone 
lesions encountered in the three patients. 

Case No. 1 

An 11-year-old male football player admitted in the 

Emergency Room with acute pain after minor trauma of 
left shoulder, without local deformation or clinical signs 
of fracture. Radiographs of the left arm showed an 
osteolytic lesion involving the whole proximal part of 
humeral bone with cortical thinning and circumferential 
interruption and a septal appearance of the cystic formation 
(Figure 1a). CT scan images showed the same aspects and 
proximal expansion of cyst up to growth plate (Figure 1b). 
Hematological investigations, ALP and tumor markers 
were normal. After dissection of the smooth superficial 
layers and good exposure of the bone, a cortical window 
was created, large enough to view the entire cystic cavity. 
After the fluid was removed, the membrane lining the 
cyst wall was curetted. We retrograde inserted two TEN 
with 2.5 mm diameter and then the cyst was filled with 
a bone substitution – 75% hydroxyapatite 25% tricalcium 
phosphate 2–4 mm non-symmetric granules (Figure 1,  
c and d). 

The microscopic examination of the tissue sample 
from cystic cavity showed the presence of abundant new 
granulation tissue, made of fibroblastic type cells and fine 
collagen fibers with plexiform arrangement. 

In this granulation tissue, layers of young sponge 
bone tissue were identified, with numerous hypertrophied 
osteocytes and osteoblasts and inhomogeneous bone matrix 
(Figure 2, a and b). Also, islands of hypertrophied hyaline 
cartilage, were identified, arranged like isogenic islands, 
specific to enchondral ossification (Figure 3). In the 
granulation tissue, numerous angiogenesis vessels were 
present (Figure 4) and the immunomarking with anti-α-
SMA antibody showed that many of the local fibroblastic 
cells were myofibroblasts (Figure 5), presenting in their 
cytoplasm myofilaments of contractile proteins, having 
an essential role in tissue regeneration processes. 

 
Figure 1 – X-ray and CT scan preoperative aspects (a and b) revealed an expansive medullary, radiolucent lesion in 
the proximal left humeral metaphysis extending to the growth plate with a pathological fracture, which is seen to 
disrupt the cortex laterally in this case. Intraoperative details after curettage and retrograde insertion of two titanium 
elastic nails with 2.5 mm diameter (c) and the cyst filled with a bone substitution – 75% hydroxyapatite 25% tricalcium 
phosphate 2–4 mm non-symmetric granules (d). CT: Computed tomography. 
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Figure 2 – (a) Granulation tissue with cancellous type bone tissue lamellae, well structured, with hypertrophic osteoblasts 
in the peripheral areas of the trabeculae and osteocytes inside; (b) Detail from the previous image. HE staining: (a) ×100; 
(b) ×200. HE: Hematoxylin–Eosin. 

 

Figure 3 – Hyaline cartilage islands present in the 
granulation tissue, with chondrocytes arranged in isogenic 
series, typical to enchondral ossification. GS trichrome 
staining, ×200. GS: Goldner–Szekely. 

Figure 4 – Granulation tissue with numerous angio-
genesis vessels. GS trichrome staining, ×200. GS: Goldner–
Szekely. 

 

 
Figure 5 – Intense reaction to α-SMA of the stromal 
cells from the granulation tissue proving a myofibro-
blastic character of these cells. Anti-α-SMA antibody 
immunomarking, ×100. α-SMA: Alpha-smooth muscle 
actin. 

Case No. 2 

A 12-year-old male tennis player was admitted in 
Ambulatory Care with minor pain after minor trauma  
of left shoulder, with local tumefaction. This patient was 
diagnosed two years ago, in another Hospital, with 
pathological fracture of proximal humerus due to the 
benign cyst. Radiographs of the left arm showed an 
expansive medullary, radiolucent lesion in the proximal 
left humeral metaphysis, extending to the growth plate 
with a pathological fracture, which is seen to disrupt the 
cortex (Figure 6a). CT scan images showed the same 
aspects and proximal expansion of cyst up to growth plate 
(Figure 6b). Hematological investigations, ALP and tumor 
markers were normal. Dissection was carried out until a 
good exposure of the bone was obtained, followed by 
opening of the cyst through a cortical window sufficient 
to inspect the entire cavity. The fluid was aspirated and 
the membrane lining the cyst wall was curetted. We 
retrograde inserted two TEN with 3 mm diameter and 
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the cyst was filled with a bone substitution – 75% 
hydroxyapatite 25% tricalcium phosphate 2–4 mm non-
symmetric granules (Figure 6, c and d). 

The microscopic examination showed the presence of 
a young granulation tissue with numerous connective tissue 
cells, collagen fibers and microhemorrhage areas, some of 
them with partial hemolyzed erythrocytes (Figures 7 and 8). 

The IHC exam showed an increased proliferative activity 
of the conjunctive cells, with intense reaction to anti-Ki67 
antibody (Figure 9), a high number of angiogenesis vessels 
(Figure 10) and an increased number of macrophages 
(Figure 11) due to local microhemorrhages also due to 
remodeling process of the local connective matrix. 

 

 
Figure 6 – X-ray and CT preoperative aspects (a and b) revealed an expansive medullary, radiolucent lesion in the 
proximal left humeral metaphysis extending to the growth plate with a pathological fracture which is seen to disrupt 
the cortex laterally in this case. Intraoperative details after curettage (c) and the cyst filled with a bone substitution – 
75% hydroxyapatite 25% tricalcium phosphate 2–4 mm non-symmetric granules (d). CT: Computed tomography. 

 

Figure 7 – Granulation tissue made up especially from 
elongated cells, with multiple extensions, abundant 
cytoplasm, similar to fibroblasts or myofibroblasts. In the 
granulation tissue, numerous extravasated erythrocytes 
are present, suggesting a well-developed capillary network 
but with fragile walls, allowing extravasation of some 
blood components. GS trichrome staining, ×200. GS: 
Goldner–Szekely. 

Figure 8 – Granulation tissue infiltrated with partially 
hemolyzed and normal erythrocytes. HE staining, ×100. 
HE: Hematoxylin–Eosin. 
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Figure 9 – Intense proliferative activity of the stromal 
cells from the granulation tissue. Anti-Ki67 antibody 
immunomarking, ×200. 

Figure 10 – Granulation tissue with numerous angio-
genesis capillary vessels. Anti-CD34 antibody immuno-
marking, ×100. CD34: Cluster of differentiation 34. 

 

 
Figure 11 – Area of granulation tissue with numerous 
macrophages. Anti-CD68 antibody immunomarking, 
×200. CD68: Cluster of differentiation 68. 

Case No. 3 

A 12-year-old male karate sport student was admitted 
in the Emergency Room with acute pain after minor trauma 
of left arm, with local deformation, shortening of the arm 
and clinical signs of fracture. Radiographs of the left arm 
demonstrated a lytic lesion in the diaphysis of the humerus 
with a sharp zone of transition and inner septations and 
an instable fracture of humeral diaphysis with peripheral 
neuro-circulatory disorders caused by the displacement 
of fracture and ulnar nerve compression (Figure 12a). 
Hematological investigations, ALP and tumor markers were 
normal. Curettage of the cyst was performed through a 
cortical window created after dissection of the superficial 
layers. The intralesional fluid was previously aspirated 
(Figure 12b). One TEN with 3.5 mm diameter was inserted 
retrograde through the humeral condyle. Under fluoroscopic 
imaging, after reducing the fracture, TEN was introduced 
across the fracture side and it was enough to maintain 
alignment. The cyst was then filled with a bone substitution 
– 75% hydroxyapatite 25% tricalcium phosphate 2–4 mm 
non-symmetric granules. Six months after surgery, the 

fracture was healed and the bone substitute had a good 
integration (Figure 12, c and d). 

The HP examination revealed the presence of the same 
young granulation tissue, with numerous bone trabeculae 
that stopped evolving, with dead osteoblasts and osteocytes 
(Figures 13 and 14). Islands of hematopoiesis, with high 
adipocyte content, were described (Figure 15). Also, 
numerous osteoclasts were identified, involved in the bone 
remodeling process (Figure 16). 

 Discussions 

Our study made a clinical, paraclinical, HP and IHC 
evaluation of three cases of bone cyst, localized in the 
humerus shaft, in three patients with the age between 11 
and 12 years. 

Bone cysts are benign tumoral lesions, but aggressive, 
with local recurrence potential, usually occurring in the 
metaphysis of the long bones [30, 31]. They can be 
developed in every bone but almost 67% are localized 
in long bones metaphysis (especially in humerus, femur 
and shin), 15% in vertebral column, 9% in pelvic bones, 
2–6% in skull bones [32, 33]. Bone cysts are very rare 
located in scapula, olecranon or metatarsal bones. Often 
they are presenting like tumors with progressive evolution, 
mimicking a benign or a malignant tumor. Fortunately, 
these lesions are rare, representing only 1–5% of all 
primary bone tumors. 

Frequently, this condition is diagnosed in the first two 
decades of life. As we already mentioned, in most cases, 
the clinical presentation of the bone cysts consist in pain, 
more or less extended bone deformity, partial functional 
impotence, various neurological symptoms and sometimes 
fracture [23, 34]. 

The etiology of SBC and ABC remains controversial, 
as they may show similar, and the aspiration fluid is non-
specific, therefore the diagnosis can be difficult [1]. 

Most of the authors initially believed that these bone 
lesions are of a reactive nature, caused by trauma or a 
vascular abnormality that is inducing an increased venous 
pressure, followed by dilation of the intraosseous vascular 
network and consecutive bone destruction process [28]. 
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Figure 12 – X-ray preoperative aspects (a) revealed a lytic lesion in the diaphysis of the humerus with a sharp zone of 
transition and inner septations and an instable pathological fracture of humeral diaphysis. Intraoperative details after 
cyst curettage (b). X-ray postoperative aspects at six month after surgery (c and d). 

Figure 13 – Bone lamellae stopped in evolution with 
dead osteocytes and osteoblasts but with the presence of 
calcified ossein in the connective tissue. GS trichrome 
staining, ×200. GS: Goldner–Szekely. 

Figure 14 – Microscopic image similar to previous one 
but from a different area. HE staining, ×200. HE: 
Hematoxylin–Eosin. 

 

Figure 15 – Red bone marrow rich in adipocytes, 
present in the cyst structure. HE staining, ×100. HE: 
Hematoxylin–Eosin. 

Figure 16 – Multinucleated cells (osteoclasts) present 
in the neighboring area of some bone trabeculae. Anti-
CD68 antibody immunomarking, ×100. CD68: Cluster 
of differentiation 68. 
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In 1999, Panoutsakopoulos et al. demonstrated the 
existence of a chromosomal anomaly, a specific trans-
location, which involves ubiquitin carboxyl-terminal 
hydrolase 6 (USP6) gene, located on 17p13 chromosome 
[35]. This particular translocation is improving the 
production of matrix metalloproteinases (MMPs) 9 and 10 
and is increasing their lytic activity [36]. More than that, 
a blocking of osteoblastic maturation is occurring through 
an autocrine mechanism that is involving a morphogenetic 
bone regeneration and an increased released of vascular 
endothelial growth factor (VEGF), thus increasing 
vascularization [37, 38]. 

The HP and IHC modifications observed by us are 
demonstrating that the lesion is fairly complex, suggesting 
a tumoral lesion (an increased Ki67 index or a well-
developed vascular network). Like other authors, at HP 
examination, we found a young connective tissue, reactive, 
with numerous fibroblasts, myofibroblasts, developing bone 
tissue, giant cells osteoclastic type, microhemorrhages and 
areas with numerous angiogenesis vessels [31, 39, 40]. 

Some authors showed that is not always a correlation 
between clinical aspects, radiological and HP findings, 
some cysts mimicking a tumor or some tumors are 
mimicking a bone cyst. For this reason, the differential 
diagnosis must consider other tumoral lesions like osteo-
blastoma, giant osteoclastic cells tumor, chondroblastoma, 
chondrosarcoma, fibrous dysplasia, low degree osteo-
sarcoma, etc. [26, 41–44]. 

We consider that the HP examination of every bone 
tumor is crucial to establish the diagnosis, because the 
bone structure can be severely modified by some external 
stimuli or due to some metabolic changes [45, 46]. 

The optimal treatment remains controversial in the 
pathological fractures in children. Objective criteria 
correlated with radiological aspects may require surgical 
intervention in the following situations: cortical thinning, 
high risk of fracture, increase of CI in serial examinations, 
cyst recurrence, iterative fractures, localization on the 
supporting limb, active lesions, growth disorders and 
appearance bone deformities, patient age [2–9]. Mohaidat 
et al. (2019) are concluding that ABC has a variable 
radiological appearance with no pathognomonic radio-
logical features [47]. 

HP and IHC studies of resected humeral bone fragment 
were essential in determining the cyst type considering 
the macroscopic changes of the cysts produced by the 
fracture. 

Several authors had suggested that a formal HP 
diagnosis should be obtained prior surgery [48–50] for 
pathological fractures. In other studies, this procedure 
seems to be unuseful due to unclear results, in cases with 
preoperative needle biopsy [47]. It is certain that for this 
type of lesions, needle biopsy is providing insufficient 
material for HP examination, before the definitive surgical 
treatment. 

The differential diagnosis between SBC and ABC is 
sometime difficult to be obtained before surgery, based 
only on radiological findings, especially in cases with 
fracture at the level of the bone cyst. In the first two 
cases in our study, due to fracture superposition over the 
cystic lesion, the HP examination is not making the 

difference between SBC and ABC, microscopically related 
findings being described. In the third case, the fracture 
was distal to the cystic lesion in the humerus shaft so 
the microscopy is describing the structure of an ABC. 

Anyway, the HP examination is crucial to separate 
SBC and ABC from malignant conditions like sarcoma. 
For this reason, the surgeon that is performing the biopsy 
must pay enough attention for this procedure, in order to 
take fragments big enough and prelevated from different 
parts of the bone lesion. It is important to guide the biopsy 
according to radiological findings, in order to obtain 
specimens from the most representative areas of the cyst. 
During surgery, the operative field must be well-organized 
avoiding tissue spreading in the surrounding soft structures. 
Also, the biopsy sequence must not compromise the 
prognosis and the reconstruction of the bone, especially 
in cases with fractures [48]. 

Also, in cases with relapse of the cystic lesion, new 
biopsy samples are needed, because in some cases, the 
HP findings were different from the initial assessment 
[47]. For this purpose, multiple fragments from different 
areas of the tumor need to be collected, paying attention 
also to the size of the fragments. 

In the attempt to find the ideal method of healing the 
bone lesion and pathological fracture, numerous centro-
medular osteosynthesis techniques have been used adapted 
to age, to each segment of the skeleton and to each type 
of fracture. In our cases, the indication for surgical 
treatment was due to the large osteolytic juxtaphyseal 
lesions, pathological fractures and the intense sports 
activity practices by the patients. 

Macroscopically, the cysts cavity, in our cases, was 
filled with a hemorrhagic fluid. Associating decompression, 
curettage and then filling the remnant cavity with bone 
substitute and bone marrow or demineralized bone powder 
injection in a single step, significantly improves the rate 
of cure [11–26]. We chose the combined treatment in all 
three cases and we eliminated the disadvantages of isolated 
use of the described techniques in specialized literature. 
Nine months after surgery, the fractures were healed, the 
bone substitute had a good integration ensuring mechanical 
protection during physical activity, the affected member 
had a normal growth and the bone cyst was healed. Our 
patients resumed to progressive sports activity one month 
after surgery. 

 Conclusions 

The pathological fractures of humerus in children 
continue to raise many therapeutic and pathological issues. 
Needle biopsy is not reliable method for preoperative 
diagnosis of this type of bone lesions. Sometimes, the 
border between the SBC and ABC is not clear, especially 
in cases with fracture of the cystic cavity. Intraoperative 
biopsy (size of the fragments, place of the fragments) is 
crucial to differentiate the benign lesions from malignant 
conditions. By using a combined treatment in our cases, 
we eliminate the disadvantages of isolated use of the 
described techniques. The bone cysts were eradicated by 
curettage through the cortical window and bone formation 
was stimulated by bone substitute grafting. We chose TEN 
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for osteosynthesis of pathological humerus fractures in 
pediatric group because it is simple surgical technique, 
as well as a load-sharing internal splint that does not affect 
open physis or growth plate, allowing early mobilization 
and maintains alignment. Long-term follow-up is necessary 
for the patients in our study. 
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