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Abstract 

Background: Several treatment modalities have been reported to minimize the recurrence after surgical 
treatment of benign bone cysts. In this study, we evaluated local tumor control, recurrence rate, and 
bone healing of benign bone cysts after treatment with a simple technique, percutaneous curettage and 
a local autologous cancellous bone graft.  

Methods: Retrospective analysis of the records of 16 patients diagnosed with benign bone cysts between 2003 and 
2010. We documented the demographic data, radiographic signs of healing (progressive decrease in radiolucency, 
remineralisation, ossification, consolidation of the cyst, and reconstitution of the bone), healing rate, postoperative 
complications, and recurrence. 

Results: Seven of the 16 patients (43.75%) were diagnosed with a simple bone cyst (SBC), while nine (56.25%) 

had an aneurysmal bone cyst (ABC). On average, radiographic signs of healing were present within 3–6 months, 
but in two patients these signs presented after 16 months. During the follow-up period, there was no difference in 
the healing rate between patients with SBC and ABC; no signs of deep or superficial wound infection, no 
postoperative fracture, and no recurrence in any case over an average of 6.3 years of follow-up. 

Conclusion: Treatment of benign bone cysts (SBC/ABC) with minimally invasive percutaneous curettage and a 
local autologous cancellous bone graft is a simple and effective modality with a promising outcome in the local 
control of recurrence and in enhancing bony consolidation. 

        Level of evidence: IV 

        Keywords: Percutaneous curettage, autologous, bone graft, bone cysts, simple bone cyst, aneurysmal bone cyst,    

recurrence 
 

Introduction
neurysmal bone cysts (ABCs) and simple bone 

cysts (SBCs) are considered the most common 
bone lesions in children and young adolescents; 
however, the underlying aetiological factors 
differ (1,2). The main aims of treatment are pain 

relief, healing promotion, and prevention of adverse 
complications like recurrence and pathologic fracture (3). 

Traditionally, the main treatment options for SBCs 
include bone marrow injection, curettage and autologous 
bone grafting, intralesional steroid injections, 
demineralised bone matrix allograft or calcium-phosphate 

bone cement, decompression and internal fixation or other 
minimally invasive procedures (4-11).  

Various treatment options for ABCs have been described, 
including surgical resection or curettage, with or without 
bone grafting, and optional adjuvant therapies such as 
argon beam, phenol, ethanol, cryotherapy, and poly methyl 
methacrylate bone cementing of the cavity (12-14). 

Conventional surgical procedures are often associated 
with high morbidity due to intraoperative bleeding, 
prolonged hospitalisation, and wound-related 
complications. Less invasive methods such as selective 
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arterial embolization, calcitonin with methylprednisolone 
injection, sclerotherapy with ethibloc or polidocanol and 
systemic therapy with RANKL inhibitors (denosumab) 
have been reported (15-19). 

It should be noted that ABCs present a spectrum of 
aggressiveness, and less invasive techniques may fail for 
more aggressive lesions. All of the treatment modalities 
have specific recommendations as well as associated 
advantages and disadvantages. 

Despite the best efforts of various treatment methods, 
the rate of local recurrence is still unacceptably high after 
curettage and grafting or local adjuvants (20-21). Hence, 
local recurrence remains a challenge to orthopaedic 
surgeons. 

As the management of ABCs continues to be distinctively 
challenging, there is still a pressing need for the 
development of new innovative therapies. Minimally 
invasive percutaneous therapy is expected to facilitate the 
surgery and decrease such undesirable complications.  

The objective of this study was to evaluate the 
effectiveness and clinical outcome (local control and bone 
healing) of minimally invasive percutaneous curettage and 
local autogenous cancellous bone grafting for benign bone 
cysts in children and young adolescents. 

Materials and Methods 
 We retrospectively reviewed the data of 16 patients 

confirmed to have benign bone cysts who were treated with 
percutaneous curettage and a local autologous cancellous 

bone graft. The data included hospital charts and records, 
histopathology and operative reports, as well as all relevant 
imaging. The analysed data comprised the demographic 
information (age, sex), anatomical location, clinical 
presentation, cyst index, previous treatments, 
histopathology results, postoperative complications, and the 
length of follow-up.  

Plain radiographs were reviewed to determine the 
anatomic location, presence of pathological fracture, cyst size 
(cyst index), postoperative osseous healing, and the presence 
of local recurrence. 

The size of the cyst was measured using the cyst index, 
calculated as the area of the cyst divided by the square of 
the external diameter of the normal diaphysis (22). The 
area of the cyst was determined from the area of a trapezoid 
drawn around the borders of the cyst on the initial 
anteroposterior radiograph of the affected part of the bone 
surrounding the cyst. 

In all cases, the diagnosis was confirmed by histopathology. 
A cyst was considered active preoperatively if the patient 
was aged <12 years, if it was symptomatic with activities of 
daily living, had experienced a previous fracture, or if the cyst 
was abutting the physis (23). All cystic lesions were active 
and multilocular at the time of surgery.  

Routine plain radiographs and magnetic resonance imaging 
(MRI) were performed for all patients [Figure 1]. 
Histopathologic examination of the specimen obtained from 
percutaneous biopsy confirmed the diagnosis of primary 
bone cyst. The staging of the cysts was performed using the 

 
Figure 1 showing the timeline images of case 7 table 2. Preoperative images showed left proximal femur cystic lesion (ABC) as appeared on AP 
radiograph (A) and T2-weighted MRI (B). The local graft is visible on radiograph taken one month after surgery (C). Follow-up showed 
sequential signs of healing as appeared on radiographs at 3 months (D), 8 months (E), and 24 months (F) postoperatively. Complete remodeling 
is evident on radiograph at 14 years (G). 
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Enneking radiological criteria for benign bone lesions: 
stage I (latent), well-defined margin and an intact cortex 
or defined margin and an intact cortex; stage II (active), 
relatively well-defined margin and thinned cortex or 
defined margin and thinned cortex; or stage III 
(aggressive), indistinct borders and overall cortical 
destruction (24). All patients were reviewed clinically and 
underwent conventional plain radiography imaging as 
follow-up on semiregular intervals. All patients underwent 
the same surgical treatment, and the healing of cysts was 
graded according to the Neer classification (25). 

Informed consent was obtained from all included 
patients and families to share their information and 
relevant images. This study was approved by our 
institutional review board. 

 

Surgical technique 
All cases were treated by the senior author under general 

anaesthesia with the use of a tourniquet if applicable. We 
used fluoroscopy to locate the cyst and the physis.  

After full skin preparation and draping, one Jamshidi 
needle (size 16) was introduced into the proximal part of 
the cystic cavity, and a second one was inserted into the 
distal part. The cystic fluid was spontaneously evacuated 
and slowly aspirated to confirm the presence of straw-
coloured, bloody sanguineous fluid, or frank blood. 

One or two small skin punctures (1 cm in length) were 
made over the proximal or distal sites of the aspiration 
needles, leaving minimal skin scarring at maturity [Figure 
2]. 

Under fluoroscopy control, a 5-mm Steinmann pin or 6-
mm drill bit was advanced into the cyst cavity, and the 
cortical entry holes were manually enlarged to an area of 
around 1 cm2. 

The cystic content, septations and the lining membrane 
were broken up using curettes of various sizes and shapes. 
They were subsequently removed by wide-bore metallic 
suction and sent to the pathology lab for routine 
histological examination. Care was taken not to damage 
the adjacent physis by curettage. After that, the cyst was 
irrigated with normal saline.  

An angled curette or bent tip of a 5-mm Steinmann pin or 
5-mm drill bit was used to open the intramedullary canal 
proximally and distally accordingly. Angled curettes were 
used to curette the local cancellous metaphyseal bone 
surrounding the cyst to fill the defect as possible. 

The wounds were closed by simple 4/0 nylon suture. A 
protective sling was used by patients who underwent cyst 
removal from an upper limb. Patients with lower-extremity 
cysts were non-weight-bearing on crutches for 8 weeks, 
after which they gradually returned to full-weight-bearing 
function as tolerated. 

 

 
Figure 2. Photograph of a 3-year-old-boy who had SBC treated twice, 
showing residual minimal scars at the entry portals of surgery at the 
age of 19 years. 
 

Results 
Demographic, clinical and radiological data 

The study group included 10 male and 6 female children. 
The average age at the time of surgical treatment was 9.875 
years (range 3–16 years,). Twelve patients were younger 
than 12 years.  

Pain was the presenting factor in 10 (62.5%) patients, and 
pathologic fractures were seen in six (37.5%) patients. 

Seven patients were diagnosed with SBCs [Table 1]. The 
mean age was 10.28 years (range 3–16 years). The most 
common site was the proximal humerus (five cases). The 
average preoperative cyst index was 4.84 (range 4.1–5.4). 
The average follow-up duration was 5.4 years (range 3–16 
years). Nine patients were diagnosed with ABCs [Table 2]. 

Table 1.  Details of patients diagnosed with simple bone syst 

 Age/year Sex Site Clinical presentation Cyst index The onset of 
surgery after fracture Follow up /year 

1 11 M Proximal 
Humerus Pathological fracture 5.3 4 months 4 

2 3 M 
Proximal 

Humerus Pathological fracture 4.6 10 months 16 

3 9 M 
Proximal 

Humerus Pathological fracture 5.4 3 months 3 

4 12 M Proximal 
Humerus 

Pathological fracture 4.4 5 months 3 

5 6 M Proximal 
Humerus Pathological fracture 5.1 4 months 6 

6 16 F Lateral 
malleolus Pain 5.0 - 3 

7 15 F Calcaneum Pain 
 4.1 - 3 
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Table 2. Details of patients diagnosed with aneurysmal bone cyst 
 Age 

/year 
Sex Site 

Clinical 
presentation 

Size / cm 
Distance from the 

physis / cm 
Enneking 

staging 
Follow up /year 

1 6 F 
Proximal 
Humerus 

Pain 4X4 2 II 3 

2 8 F 
Proximal 
Humerus 

Pain 6x4 2 II 6 

3 14 F Distal Radius 
Pathological 

fracture 
3X2 2 II 5 

4 11 M Distal Radius Pain 2X2 4 III 4 
5 5 M Distal Femur Painful limping 7X2 5 II 3 
6 5 M Distal Femur Knee Pain 6x5 3 III 8 

7 10 M 
Proximal 

Femur 
Painful limping 6x3 4 II 14 

8 11 M Proximal tibia Knee Pain 7x3 0 II 18 

9 16 F 
Medial 

malleolus 
Pain 1.5x1.5 Closed physis I 2 

The mean age was 9.55 years (range 5–16 years). The 
distribution was as follows: two cases in the humerus, 
two in the radius, three in the femur, and two in the tibia. 
Six cases were active (Enneking type II) and three were 
aggressive (type III). All were at risk of fracture (width 
of the lesion was more than 70% of bone). The distance 
from the growth plate (for ABCs lesions) ranged 
between 0 and 5 cm, with a mean of 2.75 cm. The average 
follow-up duration was 7 years (range 2–18 years). 
Three of the children had received previous treatment 

for their bone lesions 6–12 months earlier at other 
hospitals, including a bone marrow injection [Case 1, 
Table 1], two steroid injections [Case 2, Table 2], open 
curettage and corticocancellous bone grafting [Case 6, 
Table 2, Figure 3]. 

None of the treated children who initially presented 
with undisplaced fracture showed evidence of 
spontaneous healing after a mean of 5.2 months of 
conservative therapy. 

 

 
Figure 3. showing the timeline images of case 6 table 2. Preoperative AP radiograph showed large cystic lesion (ABC) at the right distal femur 
(A). Incomplete healing was evident after 3 months (B) and 12 months (C) of open curettage and corticocancellous autogenous graft. At this time 
the patient had the second surgery of percutaneous curettage and local autogenous cancellous bone graft. Follow-up showed sequential signs of 
healing as appeared on radiographs at 1 month (D), 4 months (E), 12 months (F), and 24 months (G) postoperatively. Complete remodeling is 
evident on radiograph at 8 years (H). 
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Treatment outcomes  
The mean clinical follow-up period for all patients was 6.3 

years (range 2–18 years). 
At 4-6 weeks postoperative, all patients were pain-free 

and had a full range of motion in the adjacent joints. 
Radiographic signs of cyst healing in response to the 
procedure were present at 3–6 months in 14 patients, 
while the remaining two patients showed no signs until 16 
months. 

Most of the cystic lesions (14 cases) were graded as Neer 
stage I and required a single surgical procedure.  

The procedure was repeated after 10 months in two 
patients; one had a proximal humerus SBC and the second 
had a proximal tibia ABC, both abutting the growth plate 
[Figure 4 and 5]. Signs of healing were achieved in both 
patients 6 months after the second procedure, which was 
performed due to inadequate nearby healthy cancellous 
bone to initiate healing. 

None of the patients developed deep or superficial wound 
infections. No intraoperative or postoperative 
complications (fractures or recurrence) occurred. 

 
 

Figure 4. showing the timeline images of case 2 table 1. Initial presenting radiograph showing large cystic lesi on (SBC) in the 
proximal humeral metaphysis abutting the growth plate with a tiny breach in the upper medial cortex (A). subsequent radiograp hs 
failed to show complete healing and cyst resolution after 4 months (B), 9 months (C), and 12 months (D) of conse rvative 
management. At this time, the patient has the first percutaneous curettage and local autogenous cancellous bone graft (E; 3 m onths 
postoperatively). After 9 months of surgery, the cyst failed to heal completely but started to get away from the grow th plate (F). The 
cyst recurred after 19 months of surgery (G). At this time, we performed the second procedure of percutaneous curettage and l ocal 
autogenous cancellous bone graft. Follow-up showed sequential signs of healing as appeared on radiographs at  4 months (H), and 
12 months (I) after the second surgery. Complete remodeling is evident on radiograph at 16 years (J).  

 

Discussion
This study highlights the results and safety of a 

percutaneous minimally invasive surgical technique in 
patients with benign bone cysts in variable anatomical 
locations. The safety of the procedure was assessed by 
evaluating the clinical outcomes and associated 
complications.  

This technique maintains the structural integrity of the 
bone, minimising the risk of local soft tissue injury, and it 
maintains the periosteal sleeve of affected bones through 
the use of a small cortical opening. Thus, faster bone 
healing may be achieved with the help of the local 
surrounding osteogenic tissue.  

Bone cysts, especially aneurysmal cysts, are 
characterised by their tenacity and prevalence of 
recurrence after treatment, which explains the diverse 
methods for achieving consolidation (21). Due to the high 
reoperation rate, excision remains the best form of 
surgical treatment; however, this often leads to 

considerable morbidity and impairment in the function of 
the extremities (15,16). The potential problems 
associated with surgical treatment include infection and 
growth plate injury, and the surgical approach is 
particularly difficult for lesions at certain sites.  

Immobilisation is necessary following all open surgical 
procedures and may need to be prolonged for children 
with larger lesions, resulting in difficulties for the child 
and their family. 

In this study, all patients who presented with pathologic 
fractures failed to show signs of healing after a mean of 5.2 
months of conservative treatment; however, all patients 
who were treated with the procedure that we discussed 
were eventually healed. 

Two patients required a repeat procedure 10 months after 
the initial surgery. Those cysts were abutting the growth 
plate. Thus, during the first operation, extra caution was 
taken to avoid damage to the growth plate. Besides, they  
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lacked sufficient local autologous cancellous bone 
despite opening the cyst into the medullary canal in the 
initial surgery. In both cases, the second operation 
revealed  

minimal residual pathological tissue in the cyst, which 
indicates that bone cysts located near the growth plate can 
benefit from an initial surgical procedure to remove as 
much pathological tissue as possible. This will induce  

partial healing and allow the cyst to move away from the 
growth plate, producing a zone of cancellous bone 
between the cyst and the growth plate and inducing partial 
ossification of the cyst. None of these cysts recurred on 
long-term follow-up. 

Our results on the consolidation of cystic bone lesions are 
better than those reported in the literature (21,26).  

The reduced rate of recurrence in this study may be 
attributed to the healing benefits of minimally invasive 
percutaneous curettage, the osteoblastic activity of the 
local autogenous cancellous bone graft, the osteoblasts in 
the inner layer of the periosteal wall, and the opening of 
channels to the bone marrow in the adjacent cancellous 
bone and medullary canal. 

In the reported percutaneous surgical procedures, there 
is no mention of use of a local autologous cancellous graft 
to promote healing. This autologous graft is usually 
adequate as most bone cysts are localised in the highly 
vascular metaphyseal region. 

Curettage of the surrounding cancellous bone to the cyst 
cavity leads to an increase in the vascularity of the region 
surrounding the cyst and opens all bone channels, 
stimulating the bone to build an alternative bridge from 
the healthy bone.  

By opening the medullary canal proximal and distal to 
the cyst together with local cancellous grafting, local bone 

marrow can migrate to the cyst lesion. This enhances the 
healing process as human bone marrow contains 
osteoblastic progenitor cells that can differentiate into 
osteoblasts in vitro and into bone in vivo (27,28). 

The time for complete remodelling until the normal bone 
tissue stage, with no remaining evidence of the cyst, ranged 
from 14 to 18 months in our series. However, it takes 
around 2 years according to reports in the literature 
(4,15,18). Complete healing has been reported to occur in 
8–15 months (average 11.6 months) after surgical 
curettage and grafting procedure, and in 15–18 months 
(average 13.9 months) after treatment with injections (29). 
Differences in healing rates reported by various studies are 
probably due to the type of surgical procedure, patient age, 
location of the cyst, and the distance between the cyst and 
the growth plate. In all surgically treated patients, the cysts 
completely healed and none required further treatment to 
achieve bone consolidation. Our technique avoided the 
need to harvest a cancellous bone graft from the iliac crest 
or the use of allograft bone or bone substitutes. 

Our technique may appear similar to the curopsy in 
principle; however, it includes complete curettage of the 
cyst in addition to local cancellous bone grafting and 
opening the medullary canal toward the lesion. The curopsy 
has been described by Reddy et al. (30) as a novel technique 
for treatment of ABCs. They reported a 19% recurrence rate 

 
Figure 5. showing the timeline images of case 8 table 2. Preoperative AP radiograph showed cystic lesion (ABC) at the right proximal tibial 
abutting the growth plate (A). Subsequent radiographs failed to show complete healing of the cyst after percutaneous curettage and local 
autogenous bone graft as appeared on images taken at 1 month (B), 3 months (C), 6 months (D), and 11 months (E) postoperatively. At this 
time, the patient had a second procedure of percutaneous curettage and local autogenous bone graft. Follow-up showed sequential signs of 
healing as appeared on radiographs at 3 months (F), 9 months (G), 21 months (H), and 45 months (I) after the second surgery. Complete 
remodeling is evident on radiograph at 7 years (J) and 17 years (K) after the second procedure. 
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of this technique and attributed their success toward the 
biased selection of smaller, less aggressive cysts. Although 
the sample size of our study is small, we reported no 
recurrence over the long-term follow-up for the larger and 
more aggressive lesions. 

It is necessary to be mentioned that our technique carries 
a risk of iatrogenic fracture intraoperatively or 
postoperatively especially in high-risk areas such as 
proximal femoral lesions. Gentle surgical manipulation 
and limited or non-weight bearing are recommended to 
avoid this sequale. 

The weaknesses of the current study include the lack of 
comparison to other operative modalities due to the small 
sample size. Thus, further trials are needed to compare the 
effectiveness of this technique on groups of patients with 
different types of bone cysts in variable anatomical 
locations. Treatment of benign bone cysts (SBCs/ABCs) 
with minimally invasive percutaneous curettage and a 
local autologous cancellous bone graft is an effective 

modality, with promising outcomes in the local control of 
recurrence and in enhanced bony consolidation. 
Disclosure: The Authors declare that there is no conflict of 
interest. 
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