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Background: Treatment of chronic osteomyelitis often requires surgical debridement in combination
with bone defect reconstruction and antibiotics administration. We aimed at investigating and evaluating
the effect of antibiotic-loaded absorbable calcium sulfate/calcium phosphate (CS/CP) composite as bone
substitute in the treatment of chronic osteomyelitis compared with CS.

Methods: A retrospective study of 31 consecutive patients with chronic osteomyelitis from one medical
center was conducted. The treatment involved thorough debridement, antibiotic loaded bone substitutes
filling (group A: CS/CP, 21 patients, group B: CS, 10 patients), laboratory and radiographic examination,
and culture-specific systemic antibiotic treatment guided by a multidisciplinary team. New bone formation
property and resorption kinetics were analyzed through X-ray and CT scan qualitatively and quantitatively.
Anti-infection effect was mainly analyzed by postoperative laboratory examination and healing of wound.
Results: The average follow-up in each group was 61.3 and 86.7 weeks, respectively. In group A (CS/
CP), no patient had recurrent infection at 17 months after surgery, 1 case had delayed wound healing and
healed after dressing change. In group B (CS), 2 patients had recurrent infection at 18 weeks after surgery,
and were managed after further surgical treatment, 3 cases had delayed wound healing and healed after
dressing change. The infection in the two groups was mainly caused by staphylococcus aureus. The average
percentage of new bone formation was 20.5%, 43.7%, 75.2% at 1, 3, and 6 months in group A and 15.4%,
32.2%,49.7% at 1, 3, and 6 months in group B after operation (P=0.001 at 1 month, P=0.025 at 3 months,
P=0.000 at 6 months). The average percentage of resorption was 23.7%, 56.4%, 81.2% at 1, 3, and 6 months
in group A and 47.1%, 96.2%, 100% at 1, 3, and 6 months in group B after operation (P=0.000 at 1 month,
P=0.000 at 3 months, P=0.000 at 6 months). There was difference in infection recurrence (P=0.034).
Conclusions: Our preliminary results proved that compared with CS, this novel antibiotic-impregnated
CS/CP composite acted as superior scaffold for bone formation with a lower rate of infection recurrence,

when choosing bone substitutes in the treatment of chronic osteomyelitis.
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Introduction

Chronic osteomyelitis has always been a troublesome
problem in the field of orthopedic surgery due to long
period of treatments and poor prognosis. The etiology
of chronic osteomyelitis can be summarized as acute
hematogenous osteomyelitis, post traumatic infection
(especially after internal fixation), and soft tissue infection
(1,2). Thorough debridement acts as the key process during
surgical treatment, which inevitably leads to enlarged
bone defects (3). Staphylococcus aureus is one of the most
common bacteria related with osteomyelitis (4). The
treatment of osteomyelitis requires not only reconstruction
of bone defect but also effective and long-term control of
infection.

‘Traditionally, autologous bone graft has been the gold
standard for all grafting procedures due to osteoconduction,
osteoinduction and osteogenic properties (5). However, it
has apparent disadvantages such as limited supply and donor
site complications (6). Artificial synthetic bone substitutes
like calcium sulfate (CaSO,, CS) or calcium phosphate
(CaPO,, CP) are reasonable alternatives, because they are
biodegradable and osteoconductive. In addition, they can be
also used as the vector for antibiotic release which adds the
effect of anti-infection (7).

CS as biodegradable ceramic has been used as bone
graft material since 1892 (8). It has fast absorption
and good histocompatibility properties. However, the
mechanical strength of CS is only comparable to that of
cancellous bone, and is hydrolyzed very quickly in bone,
lasting for about 6-12 weeks. This means that it degrades
too fast with low mechanical properties, and cannot
provide enough structural support for bone ingrowth
(9-11). CP has the characteristic of biocompatible and
bioresorbable, meanwhile, it is similar to the inorganic
bone structure of human body with porous features which
improves osteoconductive ability (12-15). There are few
complications (infection or nonunion) in the implantation
of CP (14). However, its degradation rate is very slow,
and studies showed that absorption of CP were completed
in 20 weeks or even longer (15,16). To overcome these
shortcomings, CaSO,-CaPO, composite graft with high
compressive strength and intermediate bone absorption
kinetics has become available (17,18). And in recent studies,
Urban RM showed the compressive stress was greater in
defects treated with CS/CP than CS and normal bone,
Yang reported that CS/CP acquired excellent mechanical
properties up to 35 MPa in compressive strength (9,19).
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This new hybrid material consists of matrix of CaSO,
and dicalcium phosphate (DCP) with beta-tricalcium
phosphate (B-TCP) granules (19). Thus, the composite
has the triphasic degradation profile. Firstly, with the rapid
dissolution and absorption of CS, leaving porous space for
the formation of new born trabeculae and vascular growth
to the remaining CP scaffold. Then, DCP degrades by
osteoclastic resorption with an intermediated resorption
profile. Finally, B-TCP undergoes osteoclastic degradation
and remained longest (20-22).

Theoretically, due to the superior resorption profile,
CS/CP should have superior bone restoration property.
Preclinical studies have showed that this hybrid composition
could enhance the new bone formation compared with
autograft, TCP alone or CS alone (19,21-25). Some recent
clinical studies also confirmed the excellent radiological
results in the treatment of femoral head avascular necrosis
or benign bone lesions reconstruction (26-29).

It has also been proved that antibiotic-loaded CS is
effective when treating chronic osteomyelitis due to
antibiotic elution. Animal research proved that CS/CP
composite can be used as an excellent delivery system for
antibiotics (30). However, whether antibiotic-loaded CS/
CP can present superior property in the clinical treatment
of chronic osteomyelitis is unknown. For the first time,
we present the clinical report of this novel antibiotic-
impregnated CS/CP composition in the treatment of
chronic osteomyelitis and antibiotic-impregnated CS was
used as comparation.

The aim of our study was to investigate and evaluate
the effect of CS/CP composite as bone substitute in the
treatment of chronic osteomyelitis compared with CS. We
specifically focus on (I) new bone formation rate, (II) graft
resorption rate, and (III) anti-infection effect: complication
and recurrence rate.

Methods
Grouping

A total of 31 patients with chronic osteomyelitis were
included in this retrospective study during 2016-2018 in
one medical center. Twenty-one patients (14 males 67%,
and 7 females), with an average age of 43 (43.05+17.98)
were enrolled as group A and were treated with
vancomycin-impregnated CS/CP composites (PRO-
DENSE® Wright Medical Group, Memphis, TN,
USA), who had a mean follow-up of 61 weeks. Of these,
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Table 1 Preoperative data of the two groups (¥+s)

Group A (CS/CP) Group B (CS) P value
Total number of patients 21 10
Male/female 14/7 10/0 0.066
Age (years), mean + SD 43.05+17.98 48.2+19.22 0.471
Pathogenesis (haematogenous/post-traumatic) 8/13 4/6 1.000
Site (humerus/femur/tibia/ischium/forefoot and calcaneum) 1/2/8/2/8 0/5/5/0/0 0.020*
Pre-op ESR (mm/h), mean + SD 12.51+13.09 17.10+21.74 0.469
Pre-op serum hs-CRP (mg/L), mean + SD 15.31+£29.28 5.76+9.03 0.184
Pre-op WBC (><109), mean + SD 6.31+3.65 6.85+1.54 0.660

*, P<0.05. ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cell count; CS, calcium

sulfate; CP, calcium phosphate.

13 patients were post-traumatic, 8 patients had hematogenous
osteomyelitis that led to infected bone defects. The
distribution of bone defects was as follows: 1 patient in
humerus, 2 patients in femur, 8 patients in tibia, 2 patients
in ischium, 8 patients in calcaneus and forefoot. In contrast,
10 patients (10 males 100%, and 0 female), with an average
age of 48 (48.2£19.22) were enrolled as group B and were
treated with vancomycin-impregnated CS (OSTEOSET®
Wright Medical Group, Memphis, TN, USA), who had a
mean follow-up of 87 weeks. Of these, 6 patients were post-
traumatic, 4 patients had hematogenous osteomyelitis that
led to bone defects. The distribution of the bone defects
was 5 patients in femur, and 5 patients in tibia (1able 1).

Inclusion criteria and exclusion criteria

Inclusion criteria: patients with definite history of trauma
or hematogenous osteomyelitis and clinically diagnosed
as chronic osteomyelitis by orthopedic surgeons, and
who agreed to be hospitalized for surgical treatment. The
diagnosis of the chronic osteomyelitis was confirmed by
imaging and laboratory tests after admission. Meanwhile,
the defect was less than 7 cm and there were no fractures of
the same limb, good soft tissue condition was required. No
serious cardiovascular system disease, hypohepatia, renal
dysfunction or connective tissue disease were observed.
Exclusion criteria was as follows: acute osteomyelitis with
systemic symptoms, low immune function or acquired
immune deficiency syndrome, diabetes or systemic
malnutrition, allergic to CS or CP, severe cardiovascular
diseases, liver or kidney dysfunction.

We obtained the informed consent of all subjects who
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were to participate in our study, and our research received
permissions from the ethics committee of our institution,
and was performed with their guidance and help (Assigned
No. TDLL-201709-19).

Surgical management

The principles of chronic osteomyelitis treatment in both
groups were as following: firstly, debridement, the necrotic
infected bone and soft tissues as well as partial normal tissue
were excised to make sure of radical debridement as much
as possible. Then we measured the length and width of the
bone defect area to estimate the dose of bone substitute
required (Figure 14,B). The bone defect cavity was irrigated
using sterile saline for 3 times, followed by diluted iodophor
saline soaking for 5 min, and then sterile tablecloths and
gloves were changed.

Secondly, bone substitute was implanted. Then the
vancomycin-impregnated CS/CP composite was prepared.
The outer packaging was opened using the standard aseptic
“no touch” technique to avoid contact with the contents.
The CS/CP powder was emptied into the sterile mixing
bowl. The pre-measured sterile mixing solution was added
and allowed to stand (soak-out) for one minute (Figure 1C).
The mixture was thoroughly mixed until a paste was formed
(approximately 30 seconds). After that, it was introduced
into the syringe quickly, and then the composite starts to
set 2-3 minutes after mixing. Vancomycin 300 mg/cc was
mixed and stirred under negative pressure as previously
described (Figure 1D) (31). In group A, the composite was
filled into the bone defect area and then dried for 20-30 min
(Figure 1E). The deep fascia and subcutaneous tissue were
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Figure 1 Patient with chronic osteomyelitis of tibia treated by CS/CP composite. (A,B) Debridement of infected bone and soft tissue

was done, and the length and width of the bone window were measured. (C) Make the vancomycin-impregnated CS/CP composite

intraoperatively by mixing CS/CP powder with solution. (D) The composite starts to set after mixing for 2-3 minutes. (E) The CS/CP

composite was fully filled into the bone defect area without any cavity. CS, calcium sulfate; CP, calcium phosphate.

sutured layer by layer. The negative pressure suction drains
were left and the dead cavity was completely eliminated.
The incision was closed with a compression bandage.
Group B patients were treated similarly, but the defect was
filled with vancomycin-impregnated CS.

Thirdly, Antibiotic administration. Except for antibiotics
local delivery, systemic intravenous or oral antibiotics were
also used depend on results of bacterial culture and drug
sensitivity analysis. The period usually lasted for 4-6 weeks
according to the laboratory examination.

New bone formation and substitute absorption analysis

X ray, CT scan and Image Pro Plus 6.0 (Media Cybernetics,
US) was used to measure and evaluate the rate of new
bone formation and resorption of substitutes (new bone
formation percentage = new bone formation area/the whole
defect area x100%, percentage of substitutes resorption
=1- remained bone substitutes area/the whole defect area
x100%). Three fields were randomly selected on the same
CT scan and 3 values were obtained according to the above
formula, and the mean value was taken and calculated by 2
different observers.

Anti-infection and recurrence analysis

Laboratory examinations including: erythrocyte sedimentation
rate (ESR), WBC count, C-reactive protein (CRP), and
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clinical manifestation including skin color, temperature
and wound drainage were used to analyze the anti-
infection effect and infection recurrence. The results of
microbial culture and drug sensitivity were identified. All
microbiological results were assessed by senior physicians
who were not involved in this study. The patients received
follow-up at the time point of 1, 3, 6, 9 months and 1.5 years
after operation.

Statistical analysis

We used Excel software to collect and record data after
obtaining all relevant data, IBM SPSS statistics software
(Version 23. 0) and Statistical Analysis System (SAS Version
9.4) were used for data analysis. Chi-square for categorical
variables and #-test for continuous variables were performed
in this study. Fisher’s exact test was performed when the
count was expected to be less than 5. Pearson correlation
coefficients were calculated for substitute filling dose and
new bone formation and bone absorption. P values <0.05
were considered to be significant.

Results
Preoperative and postoperative data analysis

In group A, the mean dose of CS/CP composite and
the antibiotic load were 3.95 cc mixed with vancomycin
(300 mg/cc). The average length of defect was 5.28+0.98 cm,
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Table 2 Postoperative data of the two groups (¥+s)

Group A (CS/CP) Group B (CS) P value
Hospital stay (days), mean + SD 35.05+14.83 29.30+7.12 0.156
Follow-up (weeks), mean + SD 61.29+33.75 86.7+23.55 0.041*
Systemic antibiotic treatment duration (days), mean + SD 36.33+18.45 45.80+8.92 0.064
Post-op ESR (mm/h), mean + SD 9.10+8.69 27.50+26.24 0.056
Post-op serum hs-CRP (mg/L), mean + SD 4.91+7.78 15.65+18.09 0.100
Post-op WBC (x109), mean + SD 6.65+2.59 6.64+1.48 0.984
Filling dose, mean + SD 3.95+1.56 4.49+1.36 0.353
Defect length, mean + SD 5.28+0.98 5.66+0.74 0.280
Defect width, mean + SD 2.31+0.50 2.28+0.54 0.883
Microorganisms isolated (Staph, E. cloacae, Bacillus subtilis, negative) 14/1/1//5 5/1/0/4 0.643
Internal fixation 417 2/8 1.000
Complications 1/20 3/7 0.087
Recurrence 0/21 2/8 0.034*

*, P<0.05. ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cell count; CS, calcium

sulfate; CP, calcium phosphate.

with the width of 2.31£0.50 cm. The mean stay in hospital
was 35 days. Four patients received internal fixation to
maintain limb stability. One case was treated with local flap
transfer. In group B, the mean dose of CS and antibiotic
load were 4.49 cc mixed with vancomycin (300 mg/cc). The
average length of defect was 5.66+0.74 cm, with the width
of 2.28+0.54 cm. The mean stay in hospital was 29.3 days.
"Two patients received internal fixation (7able 2).

The microbial culture results indicated that staphylococcus
aureus was the most frequently infected microorganism
of all the patients. The mean duration of antibiotic use in
group A was 36 days and 45 days in group B, and antibiotic
sensitivity showed that all patients were sensitive to
vancomycin. We analyzed the data collected and found no
difference between the two groups except for distribution of
bone defect (P=0.020) (Table 1).

Anti-infection analysis

In group A, preoperative mean ESR, CRP, and WBC
were 12.5 mm/h, 15.3 mg/L, and 6.3x10°/L, respectively,
compared to that of 9.10 mm/h, 4.91 mg/L, and 6.65x10°/L.
three months after operation. In group B, the mean ESR,
CRP, and WBC were recorded to be 17.1 mm/h, 5.8 mg/L,
and 6.85x10°/L respectively, compared to that of
27.5 mm/h, 15.65 mg/L, and 6.64x10°/L three months after
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operation. There were no statistical differences among all
the indicators.

Recurrence and complication: no patient had recurrent
infection in CS/CP group 17 months after surgery
(Figure 2A4,B,C,D,E). While in group B, 2 of the 10 cases
during 18 months follow-up had infection recurrence (2 in
tibia). They had incision crumbled and developed yellowish
secretions after acquiring cold at week 5 after operation.
Debridement drainage and antibiotics were used to treat the
recurrence cases. One case (1 in calcaneum and forefoot)
in CS/CP group and 3 cases (2 in femur and 1 in tibia) in
CS group, who had delayed wound healing were cured
after dress changing by using diluted iodophor saline. The
infection of the rest in group B was effectively controlled
in 1 year’s follow-up. (Figure 2F,G,H,1,J). We found there
was difference in the rates of recurrence between groups
(P=0.034). However, complications like delayed wound
healing in both groups showed no statistical differences
(P=0.087).

New bone formation and absorption analysis

In group A (CS/CP) the average percentage of new bone
formation was 20.5%, 43.7%, and 75.2% at 1, 3, and
6 months after operation. In group B (CS), the average
percentage of new bone formation was 15.4%, 32.2%, and
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Figure 2 Wound healing in a patient with chronic osteomyelitis of the left proximal tibia treated with CS/CP composite preoperatively (A),
immediately (B), at 3 months (C), at 6 months (D) and at 1 year (E) postoperatively. Wound healing in a patient with chronic osteomyelitis
of the right proximal tibia was treated with CS preoperatively (F), immediately (G), at 3 months (H), at 6 months (I) and at 1 year (J)
postoperatively. CS, calcium sulfate; CP, calcium phosphate.

Table 3 The average percentage of new bone formation and absorption (¥+s)

Time Group A (CS/CP) Group B (CS) P value
Bone formation of 1 month post-op 0.205+0.021 0.154+0.030 0.001*
Bone formation of 3 months post-op 0.437+0.093 0.322+0.082 0.025*
Bone formation of 6 months post-op 0.752+0.094 0.497+0.097 0.000*
Bone absorption of 1 month post-op 0.237+0.028 0.471+0.056 0.000*
Bone absorption of 3 months post-op 0.564+0.080 0.962+0.046 0.000*
Bone absorption of 6 months post-op 0.812+0.056 1.000+0.000 0.000*

*, P<0.05. CS, calcium sulfate; CP, calcium phosphate.

49.7% at 1, 3, and 6 months after operation. Statistical (P=0.001, P=0.025, and P=0.000) (Table 3 and Figure 3).
results showed that there was significant difference in the There were no significant correlations between substitute
average percentage of new bone formation after operation filling dose and new bone formation. Radiological results
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Figure 3 CT scans of chronic osteomyelitis treated with CS/CP obtained preoperatively (A), at 3 months (B), at 6 months (C) and at 1 year

(D) postoperatively. It showed that the CS/CP composite was partially absorbed 3 months after surgery (B), and the rate of absorption was
almost comparable to that of new bone formation. One year after surgery (D), the composite was completely absorbed and the new bone
formation was almost complete, and the density of new bone was close to that of surrounding bone. CT scans of chronic osteomyelitis
treated with CS were obtained preoperatively (E), at 3 months (F), at 6 months (G) and at 1 year (H) postoperatively. It showed that the CS
had been greatly dissolved at 3 months after surgery, and dissolved cavity was partly replaced by new bone, leaving new cavity (F). There
was almost no apparent new bone formation and the defect still remained at 1 year’s follow-up postoperatively (H). CS, calcium sulfate; CP,

calcium phosphate.

showed that the osteogenic ability of CS/CP group
(Figure 34,B,C,D and Figure 44,B,C,D,E) was better than
that of CS group (Figure 3E,F,G,H and Figure 4EG,H,L3).
In group A, the average percentage of bone substitute
absorption was 23.7%, 56.4%, and 81.2% at 1, 3, and
6 months after operation. In group B, the average percentage

© Annals of Palliative Medicine. All rights reserved.

of composite absorption was 47.1%, 96.2%, and 100% at 1,
3, and 6 months after operation. There was no significant
correlation between substitute filling dose and bone
absorption. Statistical results showed significant difference
in the average percentage of composite absorption (P=0.000,
0.000, and 0.000) (Zable 3).
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Figure 4 Typical radiographs of chronic osteomyelitis treated with CS/CP preoperatively (A), immediately (B), at 3 months (C), at 6 months

(D) and at 1 year (E) postoperatively. With the formation of new bone, the bone substitute composite was gradually absorbed and no new
defects formed until the formation of new bone completed (E). Typical radiographs of chronic osteomyelitis treated with CS preoperatively
(F), immediately (G), at 3 months (H), at 6 months (I) and at 1 year (J) postoperatively. Three months after the surgery, CS had been

greatly absorbed. However, the new bone formation was slow and bone defect cavities still existed (H,L]). CS, calcium sulfate; CP, calcium

phosphate.

One case with calcaneal osteomyelitis treated by CS/CP
composites, had a follow-up of 15 months postoperative.
Imaging results of 1, 6, 12, 15 months after operation
showed that as the substitute being absorbed, new bone
gradually formed from periphery towards the center of
defect which had almost similar density to surrounding
normal bone (Figure 5). The latest X-ray and CT scan
showed that more than 90% of the CS/CP composite was
absorbed and new bone formed well.

Discussion

Infected bone defect can be induced by trauma,

© Annals of Palliative Medicine. All rights reserved.

osteomyelitis or tumor and is still a great challenge.
Principles to treat infected bone defect include: thorough
debridement, antibiotics therapy and bone defect
reconstruction. CS loaded with antibiotics has been
successfully used for infected bone defects. However, bone
formation and biomechanics property are not reliable and
pathological fractures have been reported in some patients
(3-5).

For the first time, bioabsorbable composite consists of
CS and CP impregnated with vancomycin was introduced
to treat chronic osteomyelitis. CS was used as comparation.
Bone formation, bone absorption and anti-infection
property were analyzed.
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Figure 5 Female patient with calcaneal osteomyelitis of left foot. X Radiographs and CT scans of chronic osteomyelitis before operation (A,F).
X Radiographs and CT scans of osteomyelitis treated with CS/CP obtained at 1 months (B,G), at 6 months (C,H), at 12 months (D,I) and
at 15 months (E,]) postoperatively. It showed that at 15 months after surgery, the defect was almost fully filled with new bone, of which the

density was almost equivalent to that of surrounding bone (E,J). CS, calcium sulfate; CP, calcium phosphate.

New bone formation/absorption property

The key indicator in our study was the rate of new bone
formation, and this is the first time that we measured and
calculated the rate of new bone formation in the treatment
of chronic osteomyelitis by CS or CS/CP composite. We
found that CS/CP composite has significantly higher
percentage of new bone formation at 1 and 6 months
compared with CS. Our results suggest that the osteogenic
property of CS/CP was much more superior than CS alone.

In addition to the new bone formation rate, we calculated
the average percentage of CS/CP absorption at 1, 3,
6 months after operation, and they were 23.7%, 56.4%,
81.2%, compared to that of CS with 47.1%, 96.2%, 100%,
which has statistical significance. The absorption rate of
CS can reach almost 100% in 3 months post-operatively,

© Annals of Palliative Medicine. All rights reserved.

meaning that CS absorbed too fast, and almost no apparent
new bone formation occurred during absorption period,
leading to new dead cavities created due to mismatch
between absorption and osteogenesis. Meanwhile, the
absorption rate of CS/CP was almost the same as that
of osteogenesis, leaving no new cavities. The new bone
osteogenic capacity and substitute absorption rate of the two
groups were similar with the results reported previously (19).
Besides, CS/CP composite expected intermediate
resorption kinetic and can be gradually replaced by host
bone and new bone formed from periphery towards the
center of defect (18). There was statistical difference in the
site of bone defects between groups, however we do not
regard it as influence on our outcomes, due to the reason
that we paid more attention to the size of the defect, and
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selected cases of defect within a certain range according
to inclusion and exclusion criteria to ensure the balance of
our study. Meanwhile, there were no significant differences
in other baseline data between groups (including etiology,
age, preoperative and postoperative laboratory examination,
hospital stay, size of defect, strategy of antibiotic treatment,
bacterial distribution).

Therefore, The CS/CP composite graft can provide
tailored resorption profile that would be slower resorbed
than conventional CS alone but faster than CP alone of
which residual graft can be seen for a long period or even
permanently existed (32-36). This superior new bone
formation efficiency of CS/CP was also confirmed by
Nathan Evaniew, with rapid biological integration and no
composite-related complications (26). Landgraeber applied
CS/CP in the treatment of avascular necrosis of the femoral
head and found that it had properties of good osteogenesis,
strong compression force and high stability (27).

Anti-infection efficiency

Both culture-specific systemic antibiotic and local antibiotic
delivery are important treatment against chronic infection.
Local delivery of antibiotics like tobramycin, vancomycin or
gentamicin has been applied successfully in the treatment
of chronic osteomyelitis (2,37,38). Recently, biodegradable
cements vectors like CS, CP or other material have shown
improved elution of a wider range of antibiotics and are
becoming more and more attractive when treating chronic
osteomyelitis (39-41).

High local concentrations of antibiotics can not
only offer significant bacteriocidal action against the
planktonic microorganisms during the immediate calcaneus
osteomyelitis debridement period, but also help to eradicate
foci in macroscopically healthy bone which may harbor
residual bacteria and reduce infection recurrence, besides
it has been demonstrated that antibiotic-impregnated CS
beads can prevent early bacterial colonization and biofilm
formation by Methicillin-resistant Staphylococcus aureus in
vitro, with long periods of sustained efficacy (41,42).

Lindberg F proved that the mixture of Cerament G
offers high local concentrations of gentamycin more than
100 times above the minimum inhibitory concentration
(MIC) for gentamycin sensitive micro-organisms for the
first 8 days and more than 10 times the MIC for the next
20 days (43). It has been proved that synthetic CS can
release antibiotic for long-term, and address the function of
biofilm prevention and bacterial eradication (41).

© Annals of Palliative Medicine. All rights reserved.

Zhao et al. CS/CP composite bone substitute

In our study, both CS and CS/CP showed anti-infection
effect as antibiotic vectors. In CS group, 2 patients had
infection relapses after acquiring cold, and then they
received additional surgical treatment. We think that this
may be partly attributed to shorter duration of antibiotic
release due to enhanced CS absorption or incomplete
debridement. Meanwhile, we found that there was no
recurrence in CS/CP group, and this may be due to that
the CS/CP can release antibiotics continuously to keep a
high local concentration with longer period. In addition, in
CS/CP group, the new bone fully formed and bone defect
was almost completely filled. Thus, CS/CP composite has
better dead space management capacity which is helpful the
control of infection.

Meanwhile, 3 patients developed delayed wound healing
with wound leakage in group B, and were settled by
continuous surgical dressing change. This may be related
with fast resorption of CS. We do not use this leakage as
an indication to re-operate and it is not directly related to
recurrence of infection, which was agreeable with previous
research (37,44).

In this study, broad-spectrum vancomycin was used as
the first choice over other antibiotics, as it has the least
cytotoxic effect and the normal cell activity can be affected
only when the local concentrations are too high (45).
According to the results of bacterial culture and drug
susceptibility, most cases in our study was sensitive
to vancomycin. Which is similar to our research, the
combination of CS and hydroxyapatite (HA) mixture loaded
with antibiotics has also been successfully introduced as new
bone substitute for calcaneal osteomyelitis (46).

ESR, CRP are usually used as indicators for infection
commonly, however, our study showed no significant
difference in ESR and CRP between two groups, and no
significant difference in the same group pre/post operatively,
suggesting that in the detection of inflammatory indicators
of chronic osteomyelitis, the two indicators may not play
a very significant role, which was similar to previous
study (47). Apart from the indicators above, interlenkin-6
(IL-6), tumor necrosis factor (TNF-a) and procalcitonin
(PCT) also act as serum indicators for diagnosis of chronic
osteomyelitis, and positive rates of diagnose were higher
combined TNF-a with IL-6 than WBC or CRP, yet so
far have not been widely used in the diagnosis of chronic
osteomyelitis (48). Besides, Giiler showed in his study that
PCT was more discriminative than other indicators, which
was useful in the diagnosis of chronic osteomyelitis (49).

However, our study has some shortcomings. This is
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not a randomized control trial which has a relatively small
number of cases in each group and the bone defect site is
not concentrated. Hence, a larger-sample perspective study
remained to be conducted in the future. Besides, antibiotics
loading and elution kinetics require further research.
Anyway, exploration of new bioactive bone substitutes
combined with superior pharmacokinetics characteristics
will be trend of future and represent a promising prospect.

Conclusions

In summary, for the first time, this novel CS/CP composition
was analyzed in the treatment of chronic osteomyelitis.
We proved that compared with CS, CS/CP acted as
superior scaffold for bone formation with a lower rate of
infection recurrence. This study provided evidence and
basis for orthopedist and plastic surgeon when choosing
CS/CP or CS as bone substitutes in the therapy of chronic
osteomyelitis.
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