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Abstract
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   We treated 11 patients with benign bone tumours by curettage and filling the defect with calcium hydroxyapatite (HA). There were 
5 females and 6 males with a mean age of 24 years (8 to 55). The mean follow-up was for 9 months. Postoperative radiological assess-
ment revealed that the implanted HA was well incorporated into the surrounding host bone in all patients. None of patients suffered 
any fractures in the postoperative period. One patient complained of pain associated with HA in the soft tissues, but this diminished 
within three months. No patient had local pain at the final follow-up. No recurrence noted in any patients. Follow up radiographs 
showed formation of much appositional bone. We conclude that HA is an excellent bone-graft substitute in surgery for benign bone 
tumours. 

Introduction

Pathological fractures are commonly seen in patients having 
benign bone tumors or tumour-like lesions because these lesions 
frequently deteriorate bones. There are no clear guidelines for 
management and follow-up for benign bone tumours. There are 
various treatment options such as steroid injection, surgery, or 
conservative management for painless benign bone lesions but 
still it remains a controversial issue. Nevertheless, results of a lat-
est systematic review indicated that surgical management pro-
vided better outcomes than conservative treatment. Even though 
the healing rates were variable, and favourable results were seen 
[1]. Prevention of tumor recurrence and allowing the restoration 
of bone strength are the two important goals of surgery. Bigger tu-
mours need to be filled with a graft to reduce the risk of pathologi-
cal fractures [2]. A lot of controversy regarding the optimum ma-
terial to fill the bone defects following curettage of bone tumors. 
Types of commonly used materials include cement [3], autograft 
[4], allograft [5-8], and bone substitutes [9-13]. Nonetheless, the 
pros and cons of different types of bone grafts applied during the 
surgery have been demonstrated. Many of basic research studies 

on calcium hydroxyapatite (HA) has concerned its clinical use as 
a bone-graft substitute. There has been excellent osteoconduc-
tive properties reported with the use of calcium hydroxyapatite in 
various histological [14-22]. biological [23,24]. and biomechani-
cal surveys of its implantation into bone [25-57]. It is also used as 
a coating for prostheses. as well as to fill defects in bone [28-30]. 
However, there are few reports on the clinical outcome of its use in 
surgery for bone tumours [31,32].

The objective of this study was to assess the functional and ra-
diological outcome following the use of hydroxyapatite crystals 
for filling the bone defects after curettage. Two major outcomes 
associated with bone restoration were assessed: the quality (ra-
diographic healing status) and the efficiency (healing time) of final 
graft incorporation.

Patients and Methods 

We conducted a retrospective study on a total of 14 patients 
with benign bone lesions over limbs were diagnosed at our hospital 
or referred from other hospitals between August 2021 and March 
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2022. Of those, patients undergoing surgical treatment were in-
cluded in this study.

In our series, indications for surgery included the following: [1]. 
Patients who were at high risk for a pathological fracture; [2]. The 
presence of pain and disability following a pathological fracture 
(with a Visual Analog Scale [VAS] score greater than 5 points); [3]. 
Bone malignancy could not be ruled out based on imaging stud-
ies. Only 11 of 14 patients (11.95%) fulfilled the criteria were in-
cluded for analysis. All patients underwent intralesional curettage 
procedure followed by filling the bone cavity with hydroxyapatite 
crystals. There were 6 males and 5 females, with a mean age of 24 
(range: 8 to 55 years). The average follow-up was 9 months (range: 
6 to 14 months). The most common location of tumours was the 
distal femur in 5 patients (45.6%), followed by the proximal hu-
merus in 3 patients (27.3%), Fibula shaft in 2 patients (18.2%), 
Clavicle in 1 patient (9.1%). Various clinical parameters acquired 
were age, gender, tumour location, tumour length, and use of graft. 
Preoperatively plain films were obtained for all patients which was 
used to evaluate the tumour length. All the lesions were imaged 
by plain radiography, CT and MRI. All patients had curettage of the 
tumour and filling of the resulting bone defect with HA, without 
autologous bone.

Surgery involved intralesional curettage through a cortical win-
dow. After removal of the fluid, the fibrous membrane lining the 
cyst wall was curetted. Specimens were sent for histopathological 
analysis. After thorough curettage and pulse lavage of the lesion, 
packing of bone cavity with HA crystals done in a random pattern. 
If any sclerotic margins were identified it was drilled to establish a 
connection to healthy bone marrow. The cortical window was re-
placed after filling of the bone defect with HA. No other adjuvant 
treatment such as phenol or cryotherapy was used after curettage. 
One patient with aneurysmal bone cyst in proximal humerus de-
veloped pathological fracture for which it was supplemented with 
titanium elastic nail internal fixation.

The material which we used consists of hydroxyapatite com-
pound ([Ca10(PO4)6(OH)2]) with tricalcium phosphate (TCP). 
The porosity was 3% to 55% and the pore size 1 to 15 m. Variously 
shaped pieces of HA were available in various shapes which were 
used in the surgeries, depending size and location of the tumour. 
The mass of implanted HA ranged from 5 to 60 g. Post operative 
radiographs were analysed to check the changes in the radiolucent 
zone around HA and the amount of incorporation and displace-
ment of HA. The mean follow-up was 9 months (6 to 12). Of the 4 
patients with lesions of the upper limb, all were immobilised in a 
sling or a splint. The mean period of immobilisation was 3 weeks. 
Of the 7 patients with lesions in the lower limb, 5 were immobilised 
in splints. The mean period of immobilisation was 3.5 weeks.

Partial weight bearing was started in the first post-operative 
month in those patients who had tumour in lower limbs. Serial 
improvement in weight bearing force was monitored and assessed 
through sequential X-rays during the follow-ups. Passive range-
of-motion training immediately after the surgery. Postoperative 
follow-ups were conducted every 4 to 6 weeks, depending on the 
location of tumour. X-ray evaluation continued until the bone graft 
incorporation reached a stable status. And then, a suggested sched-
ule for follow-up evaluation was at 12 months later.

All the post-operative radiographs were assessed for the de-
grees of graft filling of the bone defects. This was classified into four 
types based on postoperative radiographs. Grade I was defined as 
less than 50% filling of the graft within the bone defect. In Grade 
II filling was between 50% and 75%; Grade III and Grade IV were 
75% to 90% and greater than 90% of filling of the bone defect.

The primary outcome was quality of bone healing status which 
was evaluated by X-ray imaging studies at the last follow up [33,34]. 
The efficiency of bone healing was on the basis of time to stable 
healing. Figure 1 shows an example of radiographic assessment in 
determining the degree of bone healing for an 15-year-old girl with 
fibrous dysplasia of clavicle.

Results
There were no postoperative infections reported. In all the cas-

es, the post operative radiographs (Figure 2 and Figure 3) there was 
good incorporation of the implanted HA to the surrounding host 
bone. There was a radiolucent zones seen between the implanted 
HA and the surrounding cancellous bone in the radiographs ob-
tained immediately after surgery. During the regular follow up vis-
its of patients, it was seen that, over time, the radiolucent zones 
disappeared and new bone formed (Figure 4 and Figure 5). The 
mean period required for the zones to disappear was 5 months. 
There was increased density of material during the post-operative 
follow up x-rays, and gradually the radiolucent areas faded and 
margins became indistinct. No degenerative changes were noted in 
nearby joints during the final follow up, even in giant-cell tumours 
of bone in which the HA was implanted beneath the subchondral 
bone. In all the patients, post-operative period was uneventful and 
none of the patient reported of local pain at the final follow-up. 
Range of movement of adjacent joints were completely normal in 
all the patients and there were no restrictions. All patients in which 
lower limb was involved started full weight bearing in 6 weeks. X-
rays at six months or more after surgery depicted good osteogenic 
activity surrounding the HA. There was no post-operative compli-
cations reported in any of the patients. One, with a solitary bone 
cyst in the humerus, fell eight days after surgery, and the other, a 
patient with a non-ossifying fibroma in the distal tibia, sustained 
a fracture while playing football two weeks after operation. There 
was no recurrences of tumour in any of the case.
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Figure 1: Preoperative image showing the lytic  
lesion in the clavicle.

Figure 2: Post-operative X-ray after curettage and filling  
with HA crystals.

Figure 3: 6 Weeks post-operative X-ray of clavicle.

Figure 4: 3 months post-operative X-ray of clavicle  
showing good incorporation of HA into bone.

Figure 5: 6 months post-operative X-ray showing that HA has 
almost disappeared from the bone.

Discussion
The main fears associated with benign tumour excision are 

postoperative recurrence rate and bone strength [1]. Steroid injec-
tion is a method of managing a simple bone cyst, which can result 
in a good bone healing rate (e.g., 77.4% by methylprednisolone ac-
etate) [35]; however, studies also reported high failure rates [36-
38]. Curettage alone without an allograft or bone substitute may 
be used [2]. Historically, surgical curettage with bone grafting were 
the best choices to curtail the risk of recurrence. Two main goals 
after intralesional curettage and bone grafting for benign bone tu-
mors were high quality and efficient healing. Good quality of bone 
healing means that the bone has healed adequately for full weight 
bearing and prevent from any pathological fractures. There is one 
published research article that declared that most bone defects af-
ter excision of benign bone tumors will consolidate without any 
supplementation; [2] however, this has raised the concerns about 
the healing quality and healing time. An autograft is an excellent 
material to fill the bone defect after tumour excision. The advan-
tages of autografts have been well established. However, the only 
reason that limits its use to fill bone defect is insufficiency in the 
origin of this material. Also, increased postoperative mobility of 
donor site is another concern with autografts [39]. There is a study 
that reported reduced pain, blood loss, operating time and com-
plication in synthetic substitutes compared with iliac crest grafts 
[40]. We didn’t used autograft in any patient in our study. Alterna-
tively, allografts and bone substitutes are readily available and we 
preferred to used them for filling large bone defects. There are sev-
eral disadvantages of allografts which are reported such as trans-
mission of disease and a relatively poor ability of incorporation [8]. 
Although, the bone substitute has high cost, it is widely used due 
to their convenience. A systematic review [11] established that the 
bone healing outcome were comparable between bone substitute 
and bone graft following surgical curettage. It is observed that the 
healing rate of 90% could be achieved with the use of autograft, 
allograft or any bone substitution material. The main challenge for 
orthopaedic surgeon is to treat a patient with a large tumour vol-
ume or tumour length. There are two main factors which cause this 
difficulty. First is curettage is performed through a small bone win-
dow. It would be very challenging to do complete excision for large 
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or deep-seated tumour, that subsequently could cause rise in local 
recurrence rate. Second, increased tumour length also could lead 
to more risk of preoperative pathological fracture and make the 
surgery more difficult. Also, the surgical time and cost will rise due 
to filling of a larger bone defect. There is a study by Glancy., et al. 
[4]. which reported an increased “no healing” rate for tumours with 
greater size after curettage and grafting for bone tumours, associ-
ated with more complications like as bone growth arrest and stress 
fractures. However, tumour length was not related to the time to 
attain a stable healing. There are many studies which reported that 
the longer follow up period is needed because of the higher rate 
of recurrence [41-43]. Minimum follow up period of at least two 
years will be required to report the recurrence rates and compare 
between the two groups of graft types [43].

There are many authors that have demonstrated that bone 
ingrowth into HA implanted into bone marrow in animal experi-
ments and in biopsy specimens from patients [14-22]. Uchida., et 
al. [14]. found that bone ingrowth is better into HA with TCP than 
that with calcium aluminate. Holmes., et al. [15]. studied HA im-
planted into diaphyseal defects in dogs. They found that there is 
good incorporation of the HA and bone ingrowth into the material 
and there were no sign of biodegradation. In a study done by Sar-
toris., et al. [44], assessment of the radiological changes of HA used 
to fill the defect was done. They showed that the incorporation was 
excellent in most cases. Also, it was demonstrated that the intrinsic 
architecture of the HA was well preserved on radiographs, however 
the margins had become indistinct, suggestive of incomplete bio-
degradation of the material. There are various applications of HA in 
orthopaedics such as in spinal surgery, bone defects resulting from 
severe fractures and arthroplasty. In our series, HA was well incor-
porated into the surrounding host bone in all cases within a aver-
age time period of 4.5 months. The X-ray changes in the implanted 
HA were similar to those previously reported [16,31,44]. There 
was increase in density with indistinct margins on radiology after 
several months. The HA had not totally disappeared in any case at 
final follow-up. This suggests that although HA is biodegradable, it 
is only very slowly replaced by new bone. We implanted HA into 
the cavities of 5 distal femur, 3 proximal humerus, one fibula and 
one clavicle. Although follow-up period was short, there were no 
degenerative changes noted in any joint in any patients.

We found that HA is equivalent and effective compared to autol-
ogous bone grafting for tumours adjacent to joints in order to sup-
port the articular cartilage. There were no complications reported 
in our study. None of our patient sustained a fracture after full 
weight-bearing had begun. A study by Piecuch., et al. [27]. found 
that once HA became incorporated, mechanical testing demon-
strated it to be as strong as normal bone. Hamson., et al. [26]. stated 
that there is no substantial difference in mechanical strength be-
tween HA and autologous cortical bone, six months after implanta-
tion. Vuola., et al. [25]. suggested that the compressive strength of 

HA was greater than bone marrow after 12 weeks. In our study, no 
recurrence of tumour was noted during 1 year follow up period. 
None of patients in our study complained of local pain at the final 
follow up. HA incorporation into the soft tissues can be a cause of 
mechanical irritation while only rarely does it cause a histological 
foreign-body reaction [21]. It was seen that the scattered HA van-
ished within few months. 

Conclusion
We conclude that HA is an effective bone-graft substitute for 

filling the void in the surgery for benign bone tumours. Its im-
plantation provides good osseointegration with no complications 
reported in our series. However, we acknowledge that the sample 
size of this study is small and would recommend carrying out more 
studies to corroborate the efficacy of the treatment.
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