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Tricalcium phosphate and hydroxyapatite treatment for benign
cavitary bone lesions: A prospective clinical trial
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Abstract. Benign bone tumors are surgically treated by
curettage and by filling the defect using bone grafts or bone
substitutes, such as hydroxyapatite crystals and tricalcium
phosphate. The tricalcium phosphate mixed with hydroxy-
apatite, although fragile, is a good alternative with good
integration. Fifteen patients with benign bone lesions were
randomized in two groups surgically treated by curettage and
filling of the bone defect using allograft (7 cases) or a mixture
of 35% tricalcium phosphate, with 60-85% pore volume, and
65% hydroxyapatite (8 cases). After the surgery, all patients
were followed up every 3 weeks until 6 months, and then at
2 months interval until one year for the clinical and radiological
assessment. The average age was 35.4 years (from 18 to 54)
for the allograft group and 41 years (from 22 to 58) for the
patients treated with bone substitute. Eight patients were male
and seven female, with relatively equal distribution between
both groups. The average bone defect was relatively equal:
14 cc (4-25 cc) for the allograft group and 15.1 cc (4-33 cc)
for the ceramic group (P>0.1). During the follow-up, all the
lesions gradually disappeared after 12 months, with a time of
healing of 18.8 weeks (15-24 weeks) for the allograft group and
20.37 weeks (15-28) for the bone substitute group. There were
no significant differences regarding the clinical status and the
radiological assessment after 12 months. No patient required
extra pain medication after 2 weeks. No complications have
been recorded. The surgical treatment of small and medium
sized lytic benign tumors has good results with both types
of graft that were studied. Using tricalcium phosphate mixed
with hydroxyapatite as bone substitute represents a good and
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low cost alternative, but it is a relatively fragile material with a
slower time to integrate compared to the allograft.

Introduction

The lytic benign bone tumors are usually surgically treated
using curettage and filling the defect using bone graft (autograft
or allograft) or bone substitutes, such as hydroxyapatite crystals
and tricalcium phosphate (1-4). The location and the size of
the bone defect are critical elements that determine the bone
regeneration (5). The autologous bone graft is a very effective
method, usually harvested from the iliac crest. The major flaw of
this resource is the very limited bone that can be harvested and
requires an additional surgical intervention that usually creates a
local postoperative chronic pain (6,7). The allografts need to be
preserved in special conditions, that may not be available in some
clinical centers and, besides the methods of sterilization, some
studies show an increased rate of infections, but also a decreased
integration (8,9). For this reason, various alternatives had been
studied, such as xenografts or bone substitutes. Unfortunately,
the xenograft has issues because of a slower integration and a
greater risk of allergic reactions and infections (7). The bone
substitutes are biomaterials that are either of human, animal,
vegetal or synthetic origin, especially prepared for filling bone
defects, enhancing bone structure or bone replacement (10-12).
The tricalcium phosphate combined with hydroxyapatite, used
as scaffold, is a good composition with a similar structure to
the bone, with a good integration. They are generally used in
dental and maxillofacial surgeries. The major advantage of this
composite is that the tricalcium phosphate is resorbed, leaving
a new formed bone tissue (8). One of the disadvantages is the
fragility of the calcium phosphate, thus, it is not indicated in
large bone defects. The aim of the present study is to compare
the efficiency of bone substitute formed of 35% tricalcium phos-
phate and 65% hydroxyapatite with the simple bone grafts in the
surgical treatment of bone lesions.

Materials and methods
Fifteen patients with benign lesions in different localizations

were included in our prospective randomized comparative
study at ‘Foisor’ Orthopedics Hospital, Bucharest, Romania,
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between 2016 and 2019. They underwent a curettage and
filling of the bone defect using allograft or a biphasic mixture
made of 35% tricalcium phosphate, with 60-85% pore volume
and 65% hydroxyapatite.

Any patient with benign small or medium sized bone lytic
lesions (Fig. 1), unicameral bone cyst (Fig. 2), non-ossifying
fibroma or giant cell tumor (Fig. 3) localized in a non-struc-
tural area were included. The exclusion criteria were patients
suspect of malignant bone tumors, local infections, pre-existing
metabolic calcium disorders or patients with large lesions that
required supplementary internal fixation.

All the patients were under general anesthesia and the
surgical procedures were guided under fluoroscopy. The surgical
approach was different depending on the localization of the bone
lesion. After the dissection and the periosteal incision, the wall
of the cyst was opened and the fluid content aspirated. The cavity
wall or the tissue within the lesion was curetted and cauterized
and, after that, the cavity was filled with morselized allograft in
7 cases or a composite ceramic granular material in 8 cases. In the
end, the periosteum was sutured over the filling. The specimens
from the bone were sent for pathological examination. After the
surgery, no weight bearing was recommended for patients with
bone lesions in the lower limb for 6 weeks. For the upper limb, a
6 weeks sling immobilization was recommended.

The patient age, sex, bone size and localization were
recorded preoperatively using the X-ray and CT scan imaging
and Cedara I-View 6.3.3 (Cedara Software Corp.). After the
surgery, all patients were followed up every 3 weeks until
6 months, and then every 2 months until 1 year for the clinical
and radiological assessment. We used the modified Neer
grading system to assess the amount of bone healing after
adding the bone graft (13,14) (Table I). All the data was assessed
using IBM SPSS Statistics 25.0.0 for Microsoft Windows
(IBM Corporation) and the statistical significance was set at
P<0.05. The baseline characteristics were assessed using the
Independent samples t-test. The study was approved by the
Ethics Committee of ‘Foigor’ Orthopedics-Traumatology and
Osteoarticular TB Hospital (Bucharest, Romania). All patients
provided a signed informed consent.

Results

Fifteen patients were followed for 12 months in our clinic. The
average age was 35.4 years (from 18 to 54) for the allograft
group and 41 years (from 22 to 58) for the patients treated with
bone substitute. Eight patients were male and seven female with
relatively equal distribution between both groups (Table II). The
localizations of the lesions are presented in Table II1. The average
bone defect was relatively equal 14 cc (4-25 cc) for the allograft
group and 15.1 cc (4-33 cc) for the ceramic group (P>0.1).
During the follow-up, all the lesions gradually disap-
peared after 12 months, with a time of healing of 18.8 weeks
(15-24 weeks) for the allograft group and 20.37 weeks (15-28
weeks) for the bone substitute group. The amount of healing
was almost similar in both groups. In the allograft group,
5 patients presented a substantial healing (Neer 1) and 2
patients were partially healed (Neer 2). In the second group,
only 3 patients presented a partial healing (Neer 2) (Table IV).
None of the patients showed any persistent cysts or lack of
response to the surgical treatment. After 12 months, the

Figure 1. A lytic bone lesion found on the left distal femur.

Figure 2. A unicameral bone cyst found on the left calcaneus.

Figure 3. Giant cell tumor localized in the proximal tibia of a male patient
aged 55 years.
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Table I. The modified Neer grading system.

Score Classification Description
Healed The lesion is completely filled with new formed bone.
2 Partially healed  Radiolucent areas smaller than 50% of the diameter of the bone and no increase of size or lucencies
over time.
3 Persistent cyst Radiolucent areas bigger than 50% of the diameter of the bone that may increase over time and may
need to continue the restrictions or repeat the surgical procedure.
4 No response No bony healing evidence. Repetition of the surgical treatment is required.

Table II. General data regarding the age, sex and the average
size of the bone lesions.

Variable Allograft Ceramic P-value
Age 354 41 n/a
Sex (M/F) 4/3 4/4 n/a
Bone defect size 14 cc 15.1 cc >0.1
Table III. Localizations of bone lesions.

Localization Allograft Ceramic
Clavicle 1 -
Proximal humerus 1 2
Humeral diaphysis 3 1
Distal femur - 1
Proximal tibia 1 2
Calcaneus 1 2
Table IV. Treatment outcome.

Neer Allograft group Ceramic graft
Type 1 5 5

Type 2 2 3

Type 3 - -

Type 4 - -

CT scan confirmed the integration of the graft. We did not
encounter any significant differences regarding the functional
or clinical status and no patient required extra pain medication
after 2 weeks. There were no local infections or bone fractures
recorded. We did not find any correlation between the age, sex,
location of the lesion and the outcome of the treatment (P>0.1).

Discussion
The bone defects derived from bone tumors remain a challenging

surgical problem from economic and social standpoint (15).
The autograft is the golden standard; however, factors such

as the longer surgery time, morbidity associated to the donor
site and the limited bone that is available make the allograft, if
available, a good alternative. We did not record any kind of post-
operative complications regarding the allograft technique, but
in literature, the following are mentioned: immune-rejections,
bacterial infections and viral transmission as the limitations of
this procedure (16,17). Tricalcium phosphate could be a good
bone substitute because they have a low cost; it could be an alter-
native for patients who do not accept graft transplant for ethical
reasons and it offers a biological response similar to natural
bone. The chemical composition, porosity, and mechanical
properties are the most important elements when a bone substi-
tute is developed (18). In the present study, we had the same
results regarding the grade of integration of the graft compared
with the group treated with allograft. It seems that this kind of
bone substitute enables, by microporosity itself, the bone fluids
and tissues to impregnate the implant that will promote the
ingrowth of an early bone (19). Nonetheless, the bone healing
was slower for the group treated with tricalcium phosphate.
It is mentioned in literature that this type of graft needs over
9 to 12 months to achieve full integration and transformation
into bone (19,20). In addition, the proportion of tricalcium
phosphate and hydroxyapatite influences the time for the bone
remodeling. If the hydroxyapatite has a bigger proportion than
the phosphate, the bone requires a longer time to remodel (21).
Literature also mentions that grafts made mainly from calcium
phosphate may cause adverse soft tissue reactions and they have
the tendency to dissolve very quickly (22,23).

One of the major disadvantages of the tricalcium phos-
phate/hydroxyapatite is the fragile structure and the low
mechanical properties, which is an important detail to be
taken into account in cases where the bone is exposed to high
mechanical stress (24). That is why it is not recommended
in large bone defects without additional internal fixation and
graft augmentation. The age and the sex of the patients did not
influence the outcome of the treatment.

One of the main limitations of this study is the small number
of patients included and a short follow up. Although both types
of treatment demonstrated good results, a larger number of
cases and a longer time of follow up may be necessary to fully
assess the rate of integration and the complications. The size
of the lesion may influence the outcome, which may require a
further radiological and histological assessment.

In conclusion, the surgical treatment of small and medium
sized lytic benign tumors has good results with both type of
grafts that have been studied. Using tricalcium phosphate
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mixed with hydroxyapatite as bone substitute is a good and
low cost alternative, but it is a relatively fragile material with a
slower time to integrate compared to the allograft.
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