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ORIGINAL PAPER

The use of bone substitute (CERAMENT) in the treatment  
of benign bone tumors and tumor-like lesions

Abstract

Introduction. Treatment of benign bone tumors and tumor-like lesions is undertaken by numerous 
Orthopedic surgeons worldwide. Several treatment modalities exist including curettage and bone grafting. 
CERAMENT is a novel bioresorbable bone substitute used for grafting. 
Aim. Assessment of preliminary result of treatment of benign bone tumors and tumors like lesions utilizing 
CERAMENT as a bone substitute. Analysis of therapeutic and diagnostic path and symptoms reported by 
patients with tumors and tumor-like lesions. 
Materials and methods. To the retrospective study 38 patients undergoing curettage and bone 
substitution with CERAMENT® BONE VOID FILLER were included (26% of them were females). We utilized 
patients’ history. Each patient had an X-ray in the twelfth month after surgery, which was analyzed using the 
modi�ed Neer classi�cation. The follow-up was 24 months. 
Results. The unicameral bone cyst was the most commonly encountered lesion (36.8%). Pain was the most 
common symptom reported (28.9%). Half of all cases were discovered accidentally on X-rays ordered for 
a di�erent indication. Nearly a quarter of the cases (23.7%) were complicated by pathologic fracture. The 
distribution of scores in modi�ed Neer score was as follow:
SCORE I- 52.6% SCORE II- 15.8% SCORE III-10.6% SCORE IV-2.6%. Complications of procedure were noted 
in 18.4% of patients. 10.5% of patients had serious discharge from the operated site, 7.9% of patients had 
surgical wound infection. One case of recurrence was noted.  
Conclusions. Bone substitute – CERAMENT is suitable for use in the treatment of benign bone tumors and 
tumors like lesions. It is easy in application and is well tolerated by the patients. The problem is the relatively 
high rate of complications, mainly serous leakage from the wound.

Key words: bone substitute, benign bone tumor, CERAMENT, bone cyst, modi�ed Neer classi�cation. 

Streszczenie

Wstęp. Leczenie łagodnych nowotworów kości i zmian guzopodobnych jest nierzadkim problemem 
w praktyce ortopedy. Istnieje wiele metod leczenia, jednakże podstawą jest wyłyżeczkowanie i wypełnienie 
zmiany kostnej substytutem. Jednym z nich jest CERAMENT.
Cel. Ocena wstępnych wyników leczenia łagodnych zmian kostnych z użyciem substytutu kostnego – 
CERAMENT. Analiza procesu diagnostyczno-terapeutycznego i objawów zgłaszanych przez chorych.
Materiał i metody. Do retrospektywnego badania włączono 38 chorych (26% kobiet) poddanych zabiegom 
wyłyżeczkowania łagodnych zmian kostnych i wypełnieniu substytutem kości (CERAMENT® BONE VOID 
FILLER). W badaniu wykorzystano dane z historii leczenia. Każdy z chorych miał w dwunastym miesiącu 
po operacji wykonane badanie RTG, które analizowane było z zastosowaniem zmody�kowanej klasy�kacji 
Neer’a. Chorzy zostali poddani 24-miesięcznej obserwacji po leczeniu operacyjnym.
Wyniki. Najczęstszą zmianą była pojedyncza torbiel samotna (36,8%). Najczęściej zgłaszanym przez 
chorych objawem był ból okolicy zmiany (28,9%). W połowie przypadków zmiana kostna została 
rozpoznana przypadkowo, zazwyczaj w wyniku wykonania RTG z powodu urazu. W 23,7% przypadków 
zmiana doprowadziła do złamania patologicznego. Wyniki w klasy�kacji Neera: SCORE I – 52,6%, SCORE 
II – 15,8%, SCORE III – 10,6%, SCORE IV – 2,6%. Powikłania wystąpiły u 18,4% chorych. U 10,5% pacjentów 
wystąpił wyciek surowiczy z okolicy rany, u 7,9% chorych wystąpiła infekcja operowanej okolicy. W jednym 
przypadku nastąpił nawrót zmiany.
Wnioski. Substytut kości – CERAMENT może być bezpiecznie stosowany u osób z nowotworami łagodnymi 
kości i zmianami guzopodobnymi. Jest łatwy w użyciu i dobrze tolerowany przez chorych. Problemem 
pozostaje stosunkowo wysoki odsetek powikłań, w postaci wycieku surowiczego z rany.

Słowa kluczowe: substytut kostny, CERAMENT, łagodny nowotwór kości, torbiel kości, zmody�kowana 
klasy�kacja Neer’a.
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Introduction

Tumor-like lesions together with benign bone tumors cre-
ate a heterogeneous group of disorders, with various activi-
ties- from latent to aggressive, varied presentation, and var-
ied treatments. Nevertheless, lytic bone lesions with some 
other radiolucent lesions show many similarities. �ey are 
o�en asymptomatic, discovered solely as incidental radio-
logical �ndings [1]. A unicameral bone cyst (UBC) and 
Aneurysmal bone cyst (ABC) are predominantly condi-
tions of children and adolescents [2]. Enchondromas usu-
ally develop in the 3rd and 4th decade of life [3]. Giant cell 
tumor of the bone (GCT) typically a�ects patients 20 to 40 
years old [4]. 

UBC is a non-neoplastic �uid-�lled lytic lesion. �e 
etiology of those lesions remains unknown. UBCs have 
a male to female ratio between 2 and 3 to 1 [2,5,6]. UBCs 
represent approximately 3% of all biopsied bone tumors 
[6]. In the setting of pathologic fracture pain, swelling, 
erythema, and deformity are typically present. Patients 
without a history of trauma would complain of mild pain, 
tenderness, and swelling. Proximal humerus and femur are 
the most commonly a�ected sites [5-7]. Most UBCs have 
a radiological appearance typical enough to be diagnosed 
based on plain radiograph alone [7]. Enchondromas typi-
cally a�ect proximal phalanges within the hand, however, 
they occur in diaphysis and metaphysis of the long bones 
as well [3]. GCT is most commonly located within the dis-
tal femur and proximal tibia [4]. Di�erentiation of those 
lesions is possible by comprehensive radiologic and clini-
cal evaluation [5,6]. MRI may support diagnosis and help 
explore the detailed characteristics of the cyst [5-7]. �e 
biopsy may be ordered for questionable diagnosis. Espe-
cially, when the lesion grows rapidly, is symptomatic, and is 
radiologically unclear, the biopsy is indicated.[8]
Treatment modality is chosen based on fracture risk and 
the presence of symptoms [5]. Small, asymptomatic UBCs 
found incidentally may be treated with observation alone 
[5,6]. Pathological fracture of upper extremity caused by 
UBC may be treated with immobilization However UBCs 
have minimal chance of resolving spontaneously a�er 
fracture healing [5,7]. Symptomatic UBCs or UBCs that 
remained symptomatic a�er pathologic fracture healing 
may require invasive treatment [2,5,7]. Several options 
exist for UBCs. �ese include injection of corticosteroids 
or autologous bone marrow, decompression or curettage, 
and bone gra�ing [5-7]. Curettage and bone defect recon-
struction have established a place in the treatment of many 
benign bone tumors and tumor-like lesions [2-4]. Gra�ing 
may be performed with autogenous or autologous bone 
gra� or synthetic bone substitute [1,6]. Bone autogra�s 
are considered the gold standard in �lling bone defects af-
ter curettage, however, this method has some restrictions, 
such as donor site morbidity, the limited availability of 
gra�s of su�cient size and shape, and additional proce-

dures for harvesting [9]. On the other hand, allogra�s have 
a high complication rate [10]. Due to the limitations of 
the above-mentioned methods, synthetic bone substitutes 
were sought. One of them was the o�en used bone cement, 
which is based on polymethylmethacrylate (PMMA). �is 
method provides good stability and tissue compatibility, 
but also bone cement is not biodegradable and could lead 
to osteonecrosis because of its exothermic reaction [11]. 
Another bone substitutes that are gaining more and more 
popularity are synthetic ceramic materials. CERAMENT® 
BONE VOID FILLER (BONESUPPORT, Lund Sweden) is 
a novel 40% hydroxyapatite, 60% calcium sulfate injectable 
bioresorbable bone substitute, which guarantees an opti-
mal balance between implant resorption rate and bone in-
growth rate. Calcium sulfate acts as a resorbable carrier for 
hydroxyapatite. Hydroxyapatite has a slow resorption rate, 
high osteoconductivity that promotes bone in-growth and 
gives long-term structural support to newly formed bone 
[8]. �is method is suitable for percutaneous curettage and 
gra�ing [12]. 

Aim

In this study, we aimed at evaluating preliminary results 
of treatment of various benign bone lesions with curettage 
and bone gra�ing using CERAMENT® as a bone substitute. 
In addition, we wanted to analyze the symptoms patients 
report and the diagnostic and therapeutic process.

Materials and methods

�irty-eight patients (W = 10; M = 28) treated at the De-
partment of Orthopedics and Traumatology between 
2015 and 2020 were included in the retrospective study. 
�e mean age at the time of surgery was 15.22 (± 9.79) 
years. All patients were su�ering from musculoskeletal 
system conditions, speci�cally benign bone tumors and 
tumors-like lesions. �ey were treated with curettage of 
pathological lesion and administration of bone substitute. 
�e diagnosis was established by X-ray and by histopa-
thology. All patients had completed and signed a consent 
form before surgery. Peri-operatively, all patients received 
a prophylactic broad-spectrum antibiotic. In the operating 
theater under general or spinal anesthesia, we performed 
curettage of pathological lesions. �en the bone substitute 
(CERAMENT® BONE VOID FILLER BONESUPPORT, 
Lund Sweden) was administered using the needle to the 
void (Fig.1).

Data from the patient’s treatment history were used for 
the study, such as age at the time of surgery, characteristics 
of symptoms before surgery, anatomical area of tumor oc-
currence, histopathological diagnosis, date of biopsy and 
date of surgery, the largest size of the tumor at the time 
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Fig. 1A-D. Intraoperative images presenting the technique of the pro-
cedure. A – After excision of the ‘window’ in bone and after curettage 
of the lesion. B – The moment when the bone substitute (CERAMENT) 
is administered using the needle. C-D – Completely �lled the void with 
bone substitute (CERAMENT).

of diagnosis and the amount of CERAMENT used during 
surgery. Most of the patients (n = 31) had 5 radiographs 
taken – before the surgery and at 0, 4, 6, and 12 months 
a�er the surgery. In some cases (n = 7), patients did not 
report for a radiograph 12 months a�er the surgery. Ra-
diographs 12 months a�er surgery was analyzed using the 
modi�ed Neer classi�cation by two orthopedic specialists 
experienced in the treatment of benign bone lesions [13]. 
�is scale is used to determine what kind of treatment, if 
any, is necessary a�er a bone cyst surgical intervention. 
Scores from I to IV are assigned based on the size of the 
radiolucent area in the image. Percentage of bone diameter 
visible as radiolucent correlates with the danger of frac-
ture. Scores I and II are described as “healed” and “healed 
with defect” respectively (as radiolucent areas) take up less 
than 50% of the diameter of the bone) and no additional 
treatment is necessary. Score III patients should continue 
restricting the activity of the a�ected limb and reoperation 
should be considered. Score IV denotes a need for reop-
eration. All complications of surgical treatment reported 
by patients during the 24-month follow-up period were 
included in the analysis.

�e research related to human use has complied with 
all the relevant national regulations, institutional policies 
and is by the tenets of the Helsinki Declaration. In the sta-
tistical analysis, a correlation matrix was used between the 
volume of the bone lesion and the amount of bone substi-
tute used, between the number of days between the biopsy 
and radical surgery, and the largest size of the bone lesion 
and the amount of bone substitute used. Statistical analysis 
was performed in Statistica 13.0.2. Statistical signi�cance 
was accepted as signi�cant at p value < 0,05.

Results

�e bone lesions were located in 19 cases (50%) in the area 
of the upper limb and its girdle and in 19 cases (50%) in 
the lower limb and its girdle. �e main types of lesions in 
the study group were: unicameral bone cyst n = 14 (36.8%), 
aneurysmal bone cyst n = 9 (23.7%), multicellular bone 
cyst n = 6 (15.8%), enchondroma n = 3 (7.9%), giant cell 
tumor n = 2 (5.3%), �brosa dysplasia n = 2 (5.3%) and os-
teo�brosis dysplasia n = 2 (5.3%) (Tab. 1).

�e most frequently reported symptoms by patients 
were pain in the area of the lesion (n = 11, 28.9%), re-
stricted joint mobility (n = 2, 5.3%), and muscle weakness  
(n = 1, 2.6%). In 19 cases (50%), the bone lesion was di-
agnosed incidentally, o�en as a result of taking an X-Ray 
due to an injury (n = 10). It is worth noting, that in 9 cases 
(23.7%), the patients �rst visited an orthopedic surgeon 
with a pathological fracture (Tab. 2).

Table 1. Patient’s demographics and types of treated lesions.  
In the “Age” variable, the mean age at the time of surgery was 
given (standard deviation in parentheses).

Characteristic n = 38 (%)
Age (years) 15.22 (± 9.79)
Sex:
  – Woman
  – Man

10 (26.3%)
28 (73.7%)

Location:
  – Upper Limb
  – Lower Limb

19 (50%)
19 (50%)

Type of lesion:
  – Unicameral Bone Cyst
  – Aneurysmal Bone Cyst
  – Multicellular Bone Cyst
  – Enchondroma
  – Giant Cell Tumor
  – Fibrosa Dysplasia
  – Osteo�brosis Dysplasia

14 (36.8%)
9 (23.7%)
6 (15.8%)
3 (7.9%)
2 (5.3%)
2 (5.3%)
2 (5.3%)

Table 2. Symptoms / Clinical condition which patients report with 
to the orthopedist. The number of symptoms is greater than the 
number of patients, as some patients reported several symptoms 
simultaneously. The percentage of cases in which a given symp-
tom was reported in parentheses.

Symptom/Condition n = 38 (%)
No symptoms 19 (50%)
Pain 11 (28.9%)
Pathological fracture 9 (23.7%)
Restricted joint mobility 2 (5.3%)
Muscle weakness 1 (2.6%)

Bone biopsy was performed in 28 cases (73.7%) before 
surgery. �e mean time between the biopsy and the sur-
gery was 98.44 (± 97.93) days. �e mean largest lesion size 
was 5.58 (± 3.75) cm, while the mean lesion volume was 
38.36 (± 41.47) ml. �e mean volume of the used during 
surgery CERAMENT was 18.88 (± 16.52) ml. �ere was 
a positive correlation (0.8336) between the volume of the 
lesion [ml] and the amount of used CERAMENT [ml] (p 
= 0.001). Moreover, no statistically signi�cant correlation 
was observed between the number of days between biopsy 
and surgery and the largest size of the bone lesion (-0.1250, 
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p = 0.657). �ere is also no statistically signi�cant cor-
relation between the number of days between biopsy and 
surgery and the amount of used CERAMENT (-0.0386,  
p = 0.910) (Tab. 3).

In the modi�ed Neer classi�cation with the X-ray exam-
ination, the SCORE I result was recorded in 20 cases (52.6%) 
in the 12th month a�er the surgery, in 6 cases (15.8%) SCORE 
II and in 4 cases (10.6%) SCORE III and in 1 case (2.6%) 
SCORE IV. In 7 cases (18.4%), the patients did not report 
for a follow-up 12 months a�er the operation with an X-ray 
image (Fig. 2). In our study, we observed signs of wound in-
fection in 3 patients (7,89%), which resolved a�er antibiotic 
therapy. Serum leakage from the wound was observed in 4 
cases (10,53%). Recurrence of the lesion occurred in one pa-
tient. During the 24-month follow-up period, no pathological 
fractures or other complications were observed.

al integrity of the changed bone �llers are used. For this 
kind of treatment, mostly allogra�s and synthetic gra�s 
are a choice. �e high incidence of failure using allogra�s 
was the main cause for synthetic bone gra� substitutes de-
velopment. More and more advanced synthetic �llers are 
being developed. �e most popular composition is a com-
bination of calcium sulfate (CaS) and calcium phosphate 
hydroxyapatite (HA). �e percentage of used chemical 
compounds may vary for di�erent manufacturers. Also, 
there might be more subtle di�erences, like additional 
components giving better functional results. Although 
HA/CaS compound is naturally radiopaque, the manufac-
turer states CERAMENT – the bone gra� substitute used 
in our study - provides enhanced radiopacity due to radi-
opaque agent iohexol. �e claim is backed by two authors 
reporting good perioperative radio visibility of the void 
�ller during the operation [8,15]. Surgeons state other ad-
vantages of its users such as reliable injectability, early un-
restricted activity, and fast remodeling to bone [8,12,15]. 
�ere might be speci�c drawbacks to using this substance. 
It has been shown that calcium sulfate carries a cytotoxic 
e�ect - dissolution leads to an acidic microenvironment re-
sponsible for local in�ammatory processes at the site of im-
plantation in human bone [16]. However, Rauschmann et 
al. in their in vitro study showed no cytotoxicity using CaS 
nanoparticulate HA composite material [17]. Moreover, it 
exhibited better biocompatibility compared to pure CaS. 
Nystrom et al. encountered three cases of acute laryngo-
spasms and one tachyarrhythmia while treating 22 patients 
with UBCs using surgical-grade calcium sulfate bone gra� 
substitute [18]. Unfortunately, the authors provide no data 
on how much of the substance was used in these partic-
ular cases compared to uncomplicated patients. Dong et 
al. experienced no such symptoms in their study pointing 
out that it might be caused by the development of the new 
calcium material [12]. Our group also showed not such 
cases directing us to the conclusion that this compound is 
safe to use for this purpose, even when �lling large bone 
defects (Fig. 3). Nonetheless, we experienced some com-
plications due to the character of the procedure. Out of 38 
patients, there were: 3 wound infections, serous discharge 
in 4 cases, and one recurrence of the unicameral bone cyst. 
However, no pathological fracture was observed in any of 
the patients. Kotrych et al. reported no allergic symptoms, 
abnormal wound healing, or infections in a group of 33 
patients treated with the same method [8]. Another study 
comparing and using the same material vs. PB-TP com-
pound in the treatment of simple bone cysts reported some 
complications. Out of 21 patients, two in the PB-TP group 
su�ered from an infection a�er the percutaneous cyst aspi-
ration and no infection occurred in the H/CS group. �eir 
total complication rates (recurrence, refracture, and infec-
tion) were 29% in the PB-TP group and 12% in the H/CS 
group [12].

Table 3. Analysis of variables in terms of the size of the bone 
lesion, the amount of bone substitute used, and the time 
between biopsy and surgery. The correlation matrix between  
the selected variables was presented. SD – standard deviation.

Variable Mean (SD) Correlation 
(p-value)

The time between  
the biopsy  
and the surgery [days]

98.44 (± 97.93)

-0.1250 (p = 0.657)
Largest lesion size [cm] 5.58 (± 3.75)

Lesion volume [ml] 38.36 (± 41.47)
0.8336 (p = 0.001)

Volume of bone 
substitute (CERAMENT) 
[ml]

18.88 (± 16.52)

Fig. 2. The graph shows the distribution of scores in 38 patients under 
the Modi�ed Neer Classi�cation. In 7 cases the patients did not report 
for the last follow-up 12 months after the operation with X-Ray to eva-
luation (no X-Ray).

Discussion

Curettage and bone gra�ing with or without adjuvant 
treatment is the mainstay of treatment of several benign 
bone tumors and tumor-like lesions. �is method can also 
be used successfully in bone cysts [1]. However, in all the 
above cases, appropriate curettage is essential to avoid re-
currence of the lesion [2,14]. To reestablish the structur-
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Radiological results of our patients a�er a 12-month 
follow-up period were evaluated using Modi�ed Neer clas-
si�cation. Most patients (83.8%) in our group that com-
pleted the full radiological examination protocol were clas-
si�ed SCORE I (healed) and Score II (healed with defect) 
in modi�ed Neer classi�cation, with 4 patients scoring III, 
and one IV (Fig. 4). In a prospective study, Kaczmarczyk 
et al. treated 14 patients with benign bone tumors using 
a bi-phasic injectable bone substitute and achieved full res-
olution (Neer Classi�cation grade I) in 11 patients (79%) 
[15]. �e median volumes of lesions and bone substitute 
used were similar to our mean volumes – 40 mL and 18 
mL respectively vs. ours 38.36 mL, 18.88 mL. Dong et al. 
compared two di�erent bioresorbable bone cement in the 
treatment of simple bone cyst. �e study consisted of 38 
patients divided into two groups, one treated with PB-TP 

(beta-tricalcium phosphate) and the other using hydroxy-
apatite/calcium sulfate (CERAMENT). �e healing rate 
was 81.0% in the PB-TP group, with four Neer III and IV 
graded (persistent or recurrent cyst) cases. In the H/CS 
group, the healing rate was 82.4%, with 3 Neer III and Neer 
IV graded cases [12]. 

In a study published by Kotrych et al. patients were 
evaluated using the VAS pain scale and MSTS score (mus-
culoskeletal tumor society) [8]. �e MSTS score consists of 
six domains, scored on a 0 to 5 scale and transformed into 
an overall score ranging from 0 to 100% with a higher score 
indicating better function [19]. �e VAS score assessment 
showed a decrease in overtime from a mean of 5 (range 
1-9) before the operation, to 2 (range 1-4) at 1 month and 
2 (range 1-4) at the latest follow-up [8]. In all patients 
functional improvement and increase in MSTS score were 

Fig. 3A-E. The case of a patient where a bone lesion (aneurysmal bone cyst) increased in size within a few weeks. A – 3D 
Computed Tomography reconstruction showing bone lesion within the left clavicle. B – Intraoperative image showing 
bone defect �lling with CERAMENT. C – post-operative anteroposterior plain radiograph after 8 weeks demonstra-
ting progressive resorption of the CERAMENT and early replacement with new bone. D – Radiograph after 6 months.  
E – Radiograph after 12 months, where bone remodeling is visible.

Fig. 4A-C. Antero-posterior plain radiograph of the osteolytic bone lesion located within the left hip joint (white arrow). 
A – Pre-operative. B – Post-operative – demonstrating �lling the void with CERAMENT after curettage of the lesion. C – 
12 months after surgery – demonstrating resorption of the CERAMENT and �lling with new bone.
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noted: pre-operative 17 (range 11-23) vs. post-operative 31 
(range 27-35) [8]. Schindler et al. show similar promising 
results. In 13 patients with benign bone tumors treated 
with calcium sulfate and HA, bone gra� substitute showed 
a mean 96% (range, 83-100%) MSTS score [20]. Due to 
the retrospective character of our work, we weren’t able 
to use these scales in our patients, but the data gathered 
by Kotrych et al. and Schindler et al. shows functional im-
provement and pain relief a�er the use of CERAMENT in 
the treatment of benign bone lesions.

�e diagnostic path of benign bone tumors is in many 
cases challenging. Most of them grow slowly over many 
years and remain asymptomatic for a long time [1]. How-
ever, in some cases, they could manifest as a pathological 
fracture (Fig. 5). As demonstrated by Chaib B. et al. patho-
logical fractures are more common in benign bone lesions 
compared to bone sarcomas – 27.7% vs. 9.5%. Moreover, 
pathological fractures were most common in the group 
of patients with bone cysts (41.5%) and non-ossifying �-
bromas (24.4%) [21]. �erefore in our study, where bone 
cysts accounted for 76% of all cases, in more than 23% of 
patients, the �rst symptom of the disease was a pathologi-
cal fracture. It is also worth emphasizing that benign bone 
lesions grow over many years, which is why they are o�en 
diagnosed accidentally due to performing a radiograph for 
another reason [22]. In our study, half of the patients didn’t 
know about the tumors in the bone before performing an 
X-ray on account of injury. However, it is worth emphasiz-
ing that benign lesions in the bones can cause symptoms 
such as pain in the a�ected area, swelling, paraesthesia, and 
muscle weakness. Such symptomatic lesions are an indica-
tion for surgical treatment, especially when we are dealing 
with a large, lytic lesion that poses a high risk of patholog-
ical fracture [23]. 

In the case of benign bone tumors, a biopsy is not always 
required. Asymptomatic lesions that do not raise suspicion 
of a malignant process and that grow over a long period, 

maybe treated without a prior biopsy [24]. However, in 
some cases, bone sarcomas may imitate benign neoplasms. 
An example is a teleangietac osteosarcoma and aneurysmal 
bone cyst [25]. �erefore, in cases where it is impossible to 
exclude the malignant process, a biopsy is necessary [24]. 
Also in our study, even though patients in the study group 
were treated only due to benign bone lesions, a biopsy was 
performed in 73% of cases. �e time between the biopsy 
and surgical treatment remains another issue. In the cases 
of bone sarcomas, the time that should elapse from the sus-
picion of bone neoplasm to the beginning of the treatment 
process is a maximum of 42 days [26]. However, in the case 
of benign bone lesions, there is no evidence that a delay in 
treatment adversely a�ects the outcomes of surgery. �is 
is also con�rmed by our study, where the long delay did 
not a�ect the number of complications in patients and the 
amount of used bone substitutes.

�e main limitation of our study is the sample size, but 
this is due to a fact of a low occurrence of benign bone 
tumors in the general population, and with some of them 
giving close to no clinical implications, the number of cor-
rectly diagnosed patients is even lower [22]. In our study, 
we also wanted to present the possibility of using the CER-
AMENT in various cases of benign bone tumors and cysts. 
We presented the preliminary results of our study, so fur-
ther investigation is advisable. Another limitation of our 
study is the retrospective nature, hence, it was not possible 
to collect certain data. However, in this article, we have in-
cluded other publications that indicate the safety and good 
results a�er procedures with CERAMENT.

Conclusion

CERAMENT can be safely used as a bone substitute in pa-
tients with various bone diseases, as well as bone tumors. 
It provides good functional results for patients and shows 

Fig. 5A-D. Plain radiographs (anteroposterior view) showing huge bone lesion (unicameral bone cyst) located in right 
humerus. A – Pre-operative. B – Pathological fracture after biopsy of the lesion. C – Immediate post-operative radio-
graph demonstrating �lling the void with CERAMENT after curettage. D – Plain radiograph after 12 months demonstra-
ting further resorption of CERAMENT and �lling with new bone.
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good results in reducing pain intensity. Additionally, it is 
easy to use and well-tolerated by patients. In the modi�ed 
Neer classi�cation good results of surgical treatment are 
shown in most cases. �e problem is the relatively high 
number of complications, especially serous discharge from 
the wound. However, these complications are temporary in 
most patients, and in most cases, a low rate of reoperation 
over 12 months was reported. �is study presents prelimi-
nary results and further analysis is necessary.
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