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AbstrAct

Purpose Benign lesions of the proximal femur region, such as simple bone cysts, aneurysmal bone cysts, and fibrous dyspla-
sia, are common in children. Benign lesions may cause pathologic fractures, limb length inequities, and growth disturbances. 
Differential diagnoses, e.g., malignant bone tumors and osteomyelitis, are sometimes difficult to rule out.
Objective We aimed to evaluate outcomes in children with benign lesions of the proximal femur treated with curettage, 
bone grafting, and plate fixation.
Methods In this retrospective study, we included 30 children (median age 10.5 years; range 1.1–17.8 years) suffering from 
bone cysts and tumor-like lesions of the proximal femur region treated between 2002 and 2018. We analyzed plain X-ray 
images and CT scans in all children and obtained MRI scans in a selected group of children (63.3%). We examined histo-
pathologic biopsy results for all bone lesions before initiating treatment. Surgical management comprised tumor curettage 
with adjuvant high-speed drilling and allogenic bone grafting supplemented by bone graft substitutes before plate fixation. 
Median follow-up interval was 87 months (range 24–156 months). We evaluated the healing of lesions according to Capanna’s 
classification and rated functional outcomes according to Merle d’Aubigné and Postel score.
Results Overall, 25 of 30 (83.3%) patients were admitted to hospital because of a pathologic fracture. We diagnosed simple 
bone cysts in 15 (50.0%) patients, aneurysmal bone cysts in 7 (23.5%) patients, and fibrous dysplasia in 8 (26.5%) patients. 
Bone consolidation was achieved in 22 of 30 (73.3%) patients after a mean of 5 months (range 3–7 months). The main com-
plication was recurrence of the lesion in 4 of 30 (13.3%) patients. With respect to the Merle d’Aubigné and Postel scores, 17 
of 30 (56.7%) patients obtained an excellent result (18 points), while 12 (40.0%) patients had a good result (15–17 points) 
and only 1 (3.3%) patient had a fair result (14 points).
Conclusion Surgical treatment of bone cysts and tumor-like lesions of the proximal femur by local resection or destruction 
of the lesion, followed by filling the defect with bone graft material and internal stabilization represents a safe and effective 
treatment option in children.
Level of evidence Therapeutic, retrospective comparative study—Level III
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Introduction

Bone tumors in children occur with a reported incidence 
of 79.3 per 1 million children [1]. The proximal femur is 
among the most frequently affected locations for benign 
bone tumors and tumor-like lesions in children. Simple 
bone cyst (SBC), aneurysmal bone cyst (ABC), non-ossi-
fying fibroma, and fibrous dysplasia (FD) represent the 
most common benign bone tumors and tumor-like lesions 
in children [2]. Pathologic fractures in children are caused 
by SBCs in approximately 75% of cases [3, 4].

The pertrochanteric and subtrochanteric regions are 
exposed to high tension and bending forces during weight-
bearing. Pathologic fractures often constitute the first 
symptom of such lesions. Pathologic fractures are often 
diagnosed on the basis of plain X-ray images obtained 
after the injury. Varus deformity, limb length discrepancy, 
or femoral head avascular necrosis can complicate patho-
logic fractures of the proximal femur.

While plain radiographs are the basis for diagnosis, 
accurate assessment of the size, type, and location of the 
lesion may require the use of computer tomography (CT) 
or magnetic resonance imaging (MRI) [5, 6]. This article 
describes our management of SBCs, ABCs, and FD of the 
proximal femur in children.

Simple bone cyst

SBCs account for about 3% of all benign primary bone 
tumors [7]. As pointed out by Lokiec and Wientroub, SBCs 
represent an enigma for radiologists, pathologists, and 
orthopedic surgeons because the growth and clinical course 
of these cysts are difficult to predict [8]. Most pathologic 
fractures caused by SBCs heal spontaneously, but the SBC 
persists in 20–50% of patients [7]. In the majority of patho-
logic fractures caused by bone cysts or tumor-like lesions, 
the priority is to treat the fracture first, followed by treatment 
of the lesion. However, this rule does not apply to pathologic 
fractures in the proximal femur region because the lesion 
impairs the stability of the femur, and the child will not be 
able to walk safely due to the high risk of refracture.

Aneurysmal bone cyst

The incidence of ABCs is approx. 2% among all benign 
bone tumors [9]. The typical feature of an ABC is osteo-
lytic lesion with multiple cavities and expansive growth 

[10]. MRI represents the most valuable diagnostic tool in 
the differential diagnosis of ABCs. Typical MRI findings 
are fluid-to-fluid levels and septations [10, 11]. However, 
it must be kept in mind that teleangiectatic osteosarcoma 
may also show fluid-to-fluid levels, but its growth is usu-
ally more aggressive [12].

Fibrous dysplasia

FD is a benign lesion with a prevalence between 5 and 7% 
among benign bone tumors [13, 14]. FD occurs in a monos-
totic or (less commonly) polyostotic type (McCune–Albright 
syndrome, Mazabraud syndrome) [13]. Monostotic FD leads 
to a pathologic fracture in approx. 50% of affected chil-
dren. Pathologic fractures of FD frequently occur in lesions 
located in the proximal femur [15–18].

Almost all tumor-like lesions of bones require histo-
pathologic evaluation before treatment. The timing of tak-
ing biopsies of the lesion is of primary importance. In case 
of lesions with radiologic signs of possible malignancy, the 
lesion should be biopsied at a specialized orthopedic oncol-
ogy center.

The most common treatment option of benign bone 
lesions of the proximal femur is curettage and bone graft-
ing, usually supported with internal stabilization. However, 
there are few reports describing treatment and outcome of 
such lesions in children [19]. Thus, we aimed to describe 
the indications, types of treatment, and outcomes of benign 
tumors and tumor-like lesions of the proximal femur in chil-
dren and adolescents.

Patients and methods

Study method, data acquisition, and patient 
selection

This study was approved by the Ethics Committee of Sile-
sian Medical University, Katowice, Poland (PCN/0022/
KB/99/20 dated June 5th, 2020). We enrolled 30 patients 
(median age 10.5 years; range 1.1–17.8 years) with benign 
tumors and tumor-like lesions of the proximal femur treated 
in our department with open curettage, allogenic bone graft-
ing, and plate fixation during a 17-year period (January 1, 
2002, to December 3, 2018). Patients who had been operated 
at another hospital and required re-operation were excluded 
from the study.

Functional outcomes were classified according to Merle 
d’Aubigné and Postel score [20] (Table 1). We obtained 
plain a.p. X-ray images of the pelvis in all patients and 
additional a.p. and axial X-ray images of the affected 
femur. Pre-operative CT scans of the affected proximal 
femur were also obtained in all patients. In 19 of 30 
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(63.3%) patients, MRI was performed. All children were 
examined by a pediatric surgeon, and diagnostic results 
were discussed by an interdisciplinary group of consult-
ants consisting of a pediatric radiologist, pediatric oncol-
ogist, pediatric surgeon, and orthopedic surgeon during 
a tumor board meeting. Based on the decision of this 
interdisciplinary expert group and radiological findings 
including conventional radiography, CT, or MRI scans, we 
performed preoperative needle biopsies in 16/30 (53.3%) 
children. After histopathologic confirmation of the benign 
nature of the lesion, surgery was performed. In all chil-
dren, we performed tumor curettage with adjuvant high-
speed drilling and allogenic bone grafting, supplemented 
with artificial bone graft substitutes  (Calcibon®, Biomet, 
Warsaw, Poland). Overall, 22 of 30 (73.3%) patients 
underwent internal fixation of the proximal femur by 
implantation of an LCP Pediatric Hip  Plate® (DePuySyn-
thes, Johnson & Johnson, New Brunswick, NJ, USA) [21]. 
In 4 (13.3%) patients each, we inserted either a locking 
plate or an angular plate.

In all children suffering from acute pathologic fractures, 
surgery was performed using a traction table. Children with 
tumor-like lesions of the proximal femur who did not suffer 
from a pathologic fracture were placed on a radiolucent table 
for surgery in the supine position. We applied a lateral approach 
to the proximal femur in all children. For tumor curettage, we 
used an approach via the fracture gap or via a bone window cut 
into the lateral femoral cortex. After surgery, the patients were 
allowed to walk using two crutches without weight-bearing for 
an average of 31 days (range 20–63 days). All patients under-
went radiologic examination on the first day after surgery and 
at 6, 12, and 20 weeks after surgery. After this period, the fre-
quency of radiologic checkups was determined individually. 
At each assessment, we determined bone healing progress on 
plain radiographs based on Capanna’s classification [22], i.e., 
grade 1 = complete bone healing; grade 2 = incomplete healing 
with marginal cortex thickening and small residual areas of 

osteolysis; grade 3 = recurrence with large areas of osteolysis 
and cortex thinning; grade 4 = lack of response to treatment 
with persistence of cyst growth.

Twelve months after surgery, each patient also underwent 
assessment of clinical outcome according to Merle d’Aubigné 
and Postel scores [20]. In patients requiring re-operation, we 
evaluated the outcome after the second surgery.

Statistical analysis

Using package R version 3.6.1 on x86_64-conda6-linux-gnu 
platform, we investigated if there was any statistical difference 
regarding the different lesion types with respect to radiologi-
cally confirmed healing signs categorized according to Capan-
na’s classification (grade 1–4) and Merle d’Aubigné and Postel 
score obtained at follow-up examination [20, 22]. Since our data 
did not meet the requirements for the 2-way ANOVA test, we 
adopted the Kruskal–Wallis test. We applied Tukey’s post hoc 
test to calculate confidence intervals (CIs) for the comparison 
of Merle d’Aubigné and Postel scores between the three groups 
of patients as defined by different Capanna’s grades. Interaction 
plots were obtained using “interaction.plot” by R-function [23]. 
To examine nontrivial interaction between type of lesion (ABC, 
SBC, and FD), Capanna’s grade, and Merle d’Aubigné and Pos-
tel score, we applied a nonparametric Adonis test [24] for the 
following model: score ~ grade + type + grade:type.

Data are presented as median (range). Due to the small 
number of patients within the three groups, we did not analyze 
the data statistically but presented them in a table (Table 2).

Results

Patient demographics and type of lesion

We included 23 (76.7%) boys and 7 (23.3%) girls in this 
study. Median age at presentation was 10.5 years (range 

Table 1  Merle d’Aubigné and Postel scores for classification of hip function outcomes [20]

Merle d’Aubigné and Postel score: Classification: excellent: 18 points; good: 15–17 points; fair: 12–14 points; poor: less than 12 points [20]

Score Pain Mobility Ability to walk

0 Intense and permanent Ankylosis with bad position of the hip None
1 Severe even at night No movement; pain or slight deformity With crutches/walking device only
2 Severe when walking; prevents any activity Flexion below 40 degrees With canes only
3 Tolerable with limited activity Flexion between 40 and 60 degrees With one cane, less than 1 h; very 

difficult without cane and with 
a limp

4 Mild when walking; it disappears in rest Flexion between 60 and 80 degrees; patients can reach 
their feet

A long time with a cane; short time 
without a cane and with a limp

5 Mild and inconstant; normal activity Flexion between 80 and 90 degrees; abduction of at 
least 15 degrees

Without cane but with a slight limp

6 None Flexion more than 90 degrees; abduction to 30 degrees Normal
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Table 2  Patient characteristics, diagnostic findings, Capanna’s classification of lesions [22], follow-up intervals, and Merle d’Aubigné and Postel 
scores [20]

a Interpretation of Merle d’ Aubigné score [20]: 18 points: excellent; 15–17 points: good; 12–14 points: fair; less than 12 points: poor

Pt No Localization of lesion Fracture Age (years) Sex Follow-
up 
(months)

Lesion type Capanna’sclassific 
[22]

Indication/type of 
secondary surgery

Merle d’ 
Aubigné score 
[20]a

1 Intertrochanteric Yes 1.1 M 43 SBC Grade 1 18
2 Intertrochanteric Yes 8.1 M 66 SBC Grade 1 Leg length discrep-

ancy/epiphysio-
desis

17

3 Neck-/intertrochan-
teric

Yes 11.3 F 88 ABC Grade 1 17

4 Inter-/subtrochanteric Yes 5.2 M 109 SBC Grade 1 18
5 Intertrochanteric Yes 10.1 M 89 FD grade 2 17
6 Neck-/intertrochan-

teric
No 9.2 F 80 SBC Grade 1 18

7 Intertrochanteric Yes 8.9 M 71 ABC Grade 1 18
8 Neck-/intertrochan-

teric
Yes 9.1 M 89 SBC Grade 3 Recurrent SBC/curet-

tage + bone graft-
ing + Calcibon®

15

9 Intertrochanteric Yes 10.6 F 85 SBC Grade 1 18
10 Intertrochanteric Yes 5.9 M 156 FD Grade 1 18
11 Neck-/intertrochan-

teric
No 8.7 M 114 SBC Grade 3 Recurrent SBC/curet-

tage + bone graft-
ing + Calcibon®

16

12 Inter-/subtrochanteric Yes 10.4 M 115 SBC Grade 1 18
13 Intertrochanteric Yes 11.0 M 93 SBC Grade 1 18
14 Neck-/intertrochan-

teric
Yes 13.4 M 87 FD Grade 3 Recurrent FD/curet-

tage + bone graft-
ing + Calcibon®

14

15 Inter-/subtrochanteric Yes 12.2 F 81 SBC Grade 1 18
16 Intertrochanteric Yes 11.9 M 98 ABC Grade 2 17
17 Neck-/intertrochan-

teric
Yes 8.4 M 100 FD Grade 1 18

18 Neck-/inter-/subtro-
chanteric

Yes 7.8 F 114 SBC Grade 1 17

19 Intertrochanteric Yes 6.8 M 112 SBC Grade 1 18
20 Neck-/intertrochan-

teric
No 11.3 M 90 ABC Grade 1 Deep infec-

tion/implant 
removal + debride-
ment + antibiotic 
treatment

17

21 Inter-/subtrochanteric Yes 12.6 M 103 FD Grade 1 18
22 Intertrochanteric Yes 15.1 M 54 ABC Grade 3 Recurrence ABC/

curettage + bone 
grafting + Calci-
bon®

17

23 Intertrochanteric Yes 14.6 M 60 SBC Grade 2 18
24 Intertrochanteric Yes 15.2 M 49 FD Grade 1 18
25 Intertrochanteric Yes 6.8 F 42 SBC Grade 1 18
26 Intertrochanteric Yes 11.9 M 46 ABC Grade 2 17
27 Intertrochanteric Yes 5.6 M 32 ABC Grade 1 18
28 Neck-/inter-/subtro-

chanteric
Yes 16.2 M 29 FD Grade 1 17

29 Inter/subtrochanteric No 14.7 M 24 FD Grade 1 17
30 Neck-/inter-/subtro-

chanteric
No 17.8 F 31 SBC Grade 2 18
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1.1–17.8  years). Median follow-up lasted 87  months 
(24–156 months). Overall, 25 of 30 (83.3%) patients were 
admitted to hospital because of a pathologic fracture after 
minor trauma. The remaining 5 (17.7%) patients underwent 
X-ray examination because of sports injuries (3 children), 
persistent knee pain (1 child), or persistent hip pain (1 child). 
We obtained preoperative CT scans for all children (Figs. 1, 
2).

Histopathologic findings

In response to the consultants’ suggestions at the tumor 
board meeting, we obtained pre-operative biopsies in 16 of 
30 (53.3%) children. In the remaining 14 (46.7%) children, 
histopathologic evaluation of the lesion took place during 
surgery.

Histopathologic evaluation confirmed the presence of 
SBCs in 15 of 30 (50.0%) patients, ABCs in 7 (23.5%) 
patients, and FD in 8 (26.5%) patients.

Follow‑up results

In 22 of 30 (73.3%) patients, postoperative bone consolida-
tion was achieved after an average of 5 months (range: 3 to 
7 months), as determined by plain X-ray images and clini-
cal evaluation. At the follow-up examination 20 weeks after 
surgery, we recorded grade 1 bone healing in 17 (56.6%) 
patients, grade 2 in 5 (16.6%) patients, and grade 3 in 4 
(13.3%) patients, according to Capanna’s classification [22]. 

In 4 patients, we obtained CT scans of the proximal femur 
6 months after surgery to confirm consolidation of the patho-
logic fracture. We removed implants after a median interval 
of 211 days (range 92–541 days).

At the follow-up examination 12 months after surgery, we 
evaluated the clinical outcome according to Merle d’Aubigné 
and Postel score [20] (Table 1). Overall, 17 of 30 (56.7%) 
patients obtained an excellent result (18 points), while 12 
(40.0%) patients had a good result (15–17 points) and only 
1 patient had a fair result (14 points; Table 2). All patients 
had regained good hip range of motion with no pain at the 
final follow-up examination.

Using Kruskal–Wallis test, we inferred that there was no 
statistically significant difference in the Merle d’Aubigné 
score between the different patient groups suffering from 
SBC, ABC, or FD (p = 0.30). However, there was a statisti-
cally significant difference in the Merle d’Aubigné and Pos-
tel scores for groups of patients having different Capanna’s 
grades (p = 0.0025; Figs. 3, 4). Table 3 shows the CIs for the 
comparison of Merle d’Aubigné and Postel scores for the 
three groups of patients characterized by different Capanna’s 
grades.

The interaction plots indicated nontrivial interaction 
between Capanna’s grade and type of lesion (SBC, ABC, 
and FD) influencing the score. In particular, inspection of 
Figs. 3, 4 allowed to associate the most significant effect of 
interaction with the ABC type of lesion. This notion was 
supported by results of a non-parametric Adonis test [24] 
for the following model: score ~ grade + type + grade:type.

Fig. 1  a Boy aged 5.6 years 
diagnosed with ABC (patient 
no. 27). He sustained a torsional 
trauma when walking down-
stairs at school and suffered a 
proximal femur fracture (O). 
Computed tomography revealed 
an ABC extending from the 
intertrochanteric region to the 
femoral neck. b 3-D reconstruc-
tion of CT scans showing mild 
varus angulation of the patho-
logic fracture. c Plain a.p. X-ray 
image obtained 5 months after 
curettage and high-speed drill-
ing of the cyst wall, allogenic 
bone grafting supplemented 
by bone graft substitutes, cor-
rection of varus angulation, 
and stabilization by pediatric 
hip plate. d Axial X-ray image 
of the right hip showing no 
residual cyst and consolidation 
of fracture 5 months after surgi-
cal treatment of the pathologic 
fracture of ABC
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For additive effects, Adonis test confirmed the results of 
the Kruskal–Wallis test (additive effect of grade but no addi-
tive effect of type) and indicated a statistically significant 
and nontrivial interaction between grade and type (Figs. 5, 
6).

Complications

One patient suffering from ABC achieved bone healing but 
developed deep wound infection 11 months after surgery. 
Due to completed bone consolidation, we removed the PHP 
plate and performed surgical wound debridement combined 
with deep tissue sampling for microbiologic analysis [25]. 
Subsequently, the patient received antibiotics and achieved 
stable bone healing and cure of infection.

In 4 of 30 (13.3%) children (2 with SBCs, 1 with ABC, 
and 1 with FD), we observed local recurrences of the 
lesions. All recurrences were diagnosed between 4 and 
6 months after surgery. The patient with recurrent FD 
4 months after surgery developed a fatigue femoral neck 
fracture due to bone graft resorption. After re-operation, 
complete bone consolidation was achieved in all patients 
after an average interval of 5.5 months (4.0–7.0 months; 
Table 2).

In 4 of 30 (13.3%) patients, we observed limb length 
discrepancies (median 1.25 cm; range 1.0–2.0 cm). The 
patient with the largest discrepancy required drill epiphys-
iodesis of the other limb at the level of the distal femur 
20 months after primary surgery. We did not observe any 
implant failures among the study participants.

Fig. 2  a Boy aged 8.7  years diagnosed with SBC of the intertro-
chanteric region and femoral neck (patient no. 11). He sustained an 
undisplaced fracture (O) of the cyst wall. He was hit at the region of 
the hip when playing football. b CT scan of the right hip obtained 
2 weeks after fracture and hip spica cast immobilization. The impac-
tion at the fracture site had increased and callus formation became 
visible. Mild varus formation occurred. c Moderate antecurvation 
occurred at the site of the pathologic fracture during spica cast immo-
bilization necessitating reduction and internal stabilization. d Plain 
X-ray a.p. image obtained 4 months after surgical treatment by curet-
tage and high-speed drilling of the cyst wall, allogenic bone grafting 
supplemented by bone graft substitutes, correction of varus angula-
tion, and stabilization by Pediatric Hip Plate [21]. Residual parts of 
the cyst were visible at the femoral neck and intertrochanteric region 

(indicated by arrows). e Residual SBC was confirmed 5 months after 
surgical treatment of bone cyst. Size and position of the residual cyst 
were visualized by CT scan. f Plain X-ray image of right proximal 
femur obtained 16  months after surgical treatment of bone cyst, 
showing partially consolidated lesion. Shortly thereafter we removed 
the plate. g CT scan obtained 2  years after the operation showing 
residual bone cyst at the region of the intertrochanteric region and 
distal femoral neck. h Plain a.p. and oblique X-ray images of right 
hip obtained after 2nd operation of right proximal femur performed 
2 years after the first surgery. i X-ray image of right proximal femur 
obtained 5  months after surgical treatment of recurrent SBC. Plain 
X-ray image showing stable consolidation of cystic lesion with mini-
mal shortening of femoral neck
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Discussion

Imaging methods and histopathologic evaluation

We conducted plain X-ray images and CT scans in all 30 
patients but MRI scans in only 19 (63.3%) patients. In con-
trast, Erol et al. obtained plain X-ray images and MRI scans 
in all patients and additionally conducted CT scans in a few 
patients [19]. In our study, the bone lesions in all children 
were evaluated and discussed in a tumor board meeting by a 
consultant group consisting of a pediatric radiologist, pedi-
atric oncologist, and pediatric orthopedic surgeon. Overall, 
16 (53.3%) patients underwent biopsy before the scheduled 
surgery. Location, size, and cortical destruction (≥ 50%) of 
the lesion are known risk factors for pathologic fractures 
[26]. Snyder et al. analyzed the fracture risk based on assess-
ment of the lesions’ cross-sectional geometry on CT scans in 
relation to the unaffected contralateral bone [5]. Pireau et al. 
described the bone cyst index (BCI; measured by dividing 
the cyst area by the diameter of the diaphysis squared on T1 
MRI scans) as a predictor of pathologic fracture risk. In their 
study, BCI > 3.5 was associated with a greater risk of patho-
logic femur fracture [6]. However, Vasconcellos et al. did 
not confirm BCI to be a valuable predictor of fracture risk 
[27]. We were not able to assess the fracture risk in our study 
group because 25 of 30 (83.3%) patients were admitted to 
hospital for treatment of a pathologic fracture of the femur. 
The fracture rate of 83.3% observed in our investigation was 
similar to the pathologic fracture rate of 77.4% reported by 
Erol et al. for benign bone lesions of the proximal femur in 
children [19].

Simple bone cysts

Current treatment options for SBCs include mechanical 
disruption of the cyst wall, injections (steroids, bone mar-
row aspirate, bone substitutes), percutaneous intramedullary 
decompression, and curettage with allogenic bone grafting 
[22, 28–30]. Canavese et al. compared outcomes of patients 
treated with autologous bone marrow injection, methylpred-
nisolone injection, and percutaneous curettage and obtained 
best results with percutaneous curettage (70% of healing) 
[31]. The recurrence rate of lesions after percutaneous 

Fig. 3  Box plot showing Merle d’Aubigné and Postel scores for dif-
ferent Capanna’s grades

Fig. 4  Box plot displaying Merle d’Aubigné and Postel scores for dif-
ferent types of bone lesions

Table.3  Comparison of Merle 
d’Aubigné and Postel scores 
[20] for the 3 groups of patients 
characterized by different 
Capanna’s grades [22]

Confidence intervals were calculated using Tukey’s post-hoc test.

Capanna’s grade Difference of Merle d’Aubigné 
and Postel scores

CIs (lower; upper limit) p value

Grade 2 to 1  − 0.314  − 1.083; 0.454 .57
Grade 3 to 1  − 2.214  − 3.057;  − 1.371 .0000016
Grade 3 to 2  − 1.900  − 2.936;  − 0.863 .00029
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techniques ranges from 8 to 30% [32, 33]. In a series of 12 
SBCs located in the trochanteric and femoral neck regions 
treated with intramedullary nails, Roposch et al. observed 
complete healing or healing with residuals in all children 
[34]. Time to healing was 38.8 months on average [34].

We observed a recurrence rate of 13.3% (2 of 15 patients) 
for SBCs. Dormans and Pill presented a system of guidance 
for management of proximal femur lesions in children with 
open and closed physes [26]. Based on our study results, 
we hypothesize that the key steps are to remove the lesion 
completely, fill the cavity with osteoconductive material, and 
stabilize the proximal femur region by plate fixation.

Aneurysmal bone cysts

Rapid growth and progressive destruction of bone resemble 
the features of a malignant bone tumor. If an ABC is sus-
pected, MRI scans should be obtained to demonstrate the 
typical feature of ABCs, such as multiple cavities filled with 
fluid showing fluid-to-fluid levels [31]. To exclude malignant 

bone tumors, e.g., giant cell tumor, a biopsy is strongly rec-
ommended [35].

In our investigation, all patients with suspected ABC were 
biopsied pre-operatively to exclude malignancy. For most 
cases of ABCs, surgical treatment is recommended; thus, 
spontaneous healing cannot be assessed [36, 37]. ABCs lead 
to a pathologic fracture in 36–72% of affected patients [12, 
38]. Most pathologic fractures occur in the active phase of 
ABC [38]. In contrast to SBCs, ABCs will hardly heal dur-
ing fracture consolidation. Currently, curettage with bone 
grafting is the most popular treatment strategy. In exces-
sively large ABCs, pre-operative arterial embolization 
should be performed one day before surgery to limit blood 
loss during the operative intervention [10, 12]. Recurrence 
rate after curettage with bone grafting ranges from 18 to 20% 
[10, 38]. We observed ABC recurrence in 1 of 7 patients. 
With large ABCs located close to the growth plate, complete 
resection may be impossible, resulting in recurrence or per-
sistence of the ABC, which might entail further investigation 
or other forms of treatment [39].

We performed internal fixation of all ABCs located in the 
proximal femoral region because varus formation has been 
described after ABC treatment without stabilizing the proxi-
mal femur [12]. We did not apply cryosurgery to treat proxi-
mal femoral ABCs, but we are aware that Marcove et al. 
reported promising results for local intralesional excision 
followed by application of liquid nitrogen [40]. Recently 
published reports describe MRI-guided percutaneous cryoa-
blation of ABCs in children. Interventional MRI facilitates 
exact visualization and cryoablation of ABCs, thus allowing 
accurate monitoring of the size and location of the growing 
ice ball within the lesion [41].

SBCs and ABCs can be stabilized with intramedullary 
nails or plates [19, 34, 38]. We admit that stabilization with 
plates as applied in our patients requires larger incisions than 
that for insertion of intramedullary nails and thus results in 
poorer esthetic outcomes.

Fibrous dysplasia

Surgical management of proximal femur FD is discussed 
controversially. The most frequently recommended method 
of treatment, especially in cases of fractures, is curettage and 
bone grafting, but this treatment is associated with a high 
risk of recurrence of the lesion. Guille et al. reported that 
66.6% of patients with FD and Shepherd’s crook deformity 
treated by different methods required re-operation [16]. In 
our study, FD recurred in 1 of 8 patients.

Type of treatment and outcomes

Due to high forces acting at the proximal femur during walk-
ing and sports, most lesions located in this region require 
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surgical stabilization. In contrast to Erol et al. who inserted 
titanium nails, sliding screws, and screws for stabilization 
of lesions [19], we used different types of plates for internal 
stabilization. The lesions healed in 26 of 30 (86.7%) patients 
after the first treatment, which agrees well with the healing 
rate (90.3%) reported by Erol et al. [19].

We classified outcomes according to the original Merle 
d’Aubigné and Postel score [20] and did not apply the 
modified Merle d’Aubigné score proposed by Matta et al. 
[42] because Øvre et al. demonstrated a close correlation 
between the original and modified scores [43]. However, 
we employed a longer follow-up interval (87 months; range 
24–156 months) than that reported by Erol et al. (45 months; 
range 25–89 months) [19].

Study limitations

Retrospective assessment with inadvertent biases was the 
main limitation of our study. The heterogeneous study group 
with a limited number of patients in each of the three groups 
represented another limitation. Therefore, it is difficult to 
compare the results between groups and to choose appro-
priate clinical classification. Thus, our findings need to be 
confirmed by adequately powered, prospective multicenter 
studies.

Conclusion

Surgical treatment of tumor-like lesions of the proximal 
femur is challenging but provides good mid-term results. 
The main stem of management of these benign lesions is 
to exclude malignant tumors with adequate imaging and 
biopsy, as well as discussion of diagnostic results and treat-
ment options in a specialized tumor board. We showed that 
treatment of benign bone lesions of the proximal femur by 
local resection or destruction of the lesion, followed by fill-
ing the defect with bone graft material and internal stabili-
zation is a safe and effective treatment option in children.
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