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Abstract 

Objective:  To explore the clinical effect of antibiotic artificial bone implantation and external fixation in the treat-
ment of infection after intramedullary nail fixation.

Methods:  We retrospectively reviewed the clinical data of patients with infection after intramedullary nail fixa-
tion treated from March 2010 to August 2020. There were 27 males and 6 female, aged from 12 to 67 years (average 
42.27 years), 18 cases on the left side and 15 cases on the right side. Among them, 20 cases were open fractures 
with initial injury and 13 cases were closed fractures. All patients were treated with intramedullary nail removal, local 
debridement, antibiotic artificial bone implantation and external fixation. Because of bone defects, 19 patients under-
went secondary autologous cancellous bone grafting after infection control. Postoperative wound healing, related 
inflammatory indicators, fixation time, and bone healing time were recorded and followed up.

Results:  The 33 patients were followed up with period of 10 ~ 98 months (average 62.7 months). One patients failed 
to control the infection effectively after treatment, so received antibiotics artificial bone implantation again. Two 
patients also received antibiotic artificial bone implants again due to the recurrence of the infection. After treatment, 
infection was controlled and the fracture healed well. One patient received vacuum sealing drainage (VSD) due to 
persistent postoperative exudation, and five patients were also cured successfully after continuous dressing. Two 
patients had sinus tract after surgery, and the wound was cured by continuous dressing change. Nineteen patients 
received autogenous iliac bone grafts for healing due to bone defects ranging from 3 to 6.5 cm (average 4.15 cm) 
after infection control. The external fixation time of 33 patients ranged from 4 to 16 months (average 7.79 months), 
the bone healing time ranged from 4 to 13 months (average 6.67 months), and the related inflammatory indexes 
returned to normal within 2–8 weeks (average 4.48 weeks).

Conclusion:  Antibiotic artificial bone implantation and external fixation is an effective method for the treatment of 
infection after intramedullary nail fixation.
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Background
Intramedullary nail fixation has become the gold stand-
ard for the treatment of long bone fractures due to its 
superior mechanical properties and minimally invasive 
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characteristics [1]. With the clinical application increas-
ing, infections after intramedullary nail fixation occur 
from time to time, and the incidence of infection after 
intramedullary nail fixation has been reported to reach 
0.9% ~ 3.8% [2]. In view of the characteristics of intramed-
ullary nail fixation, bacteria will spread to the entire med-
ullary cavity along the intramedullary nail once infection 
occurs. It may develop into chronic osteomyelitis and 
affect fracture healing seriously, leading to dysfunction 
of the affected limb if not treated in time [3]. Infection 
after intramedullary nail fixation is one of the intractable 
problems in orthopedic clinics, and an unified standard 
treatment plan has not yet been formed. Previous schol-
ars reported the removal of intramedullary nails, local 
debridement and irrigation for the treatment of infection 
after intramedullary nails, but this method is difficult to 
remove residual bacteria in the medullary cavity com-
pletely, and the recurrence rate is relatively high [4]. In 
order to reduce the recurrence of infection, some schol-
ars implanted bone cement beads mixed with antibiotics 
to eliminate residual bacteria after removal of intramed-
ullary nails and local debridement [5]. In view of chain 
beads cannot provide good mechanical support, some 
scholars implanted bone cement rods mixed with antibi-
otics into the medullary cavity instead of chain beads to 
control infection and strengthen the stability of the frac-
tures [6]. However, this material cannot be absorbed after 
being implanted in human body, and must be taken out 
by second operation. Moreover, the release level of anti-
biotic is unstable extremely, which will enter a low-level 
release cycle soon after the early explosive release [7]. Not 
only can it not kill bacteria, but also become a carrier for 
bacterial colonization as a foreign object in the body [8]. 
Antibiotic-impregnated calcium sulfate, as a new topical 
antibiotic delivery system, has been used in clinical prac-
tice widely [9, 10]. Existing reports have demonstrated 
its effectiveness in the treatment of chronic osteomyelitis 
[11–13]. According to literature reports and our experi-
ence, on the basis of removing the intramedullary nail 
and reaming, we used antibiotic artificial bone implan-
tation and external fixation to control infection after 
intramedullary nail fixation. The purpose of this study is 
to evaluate the effectiveness of this method.

Methods
In this study, the clinical data of 33 patients diagnosed 
with infection after intramedullary nail fixation and 
treated at our departent from March 2010 to August 2020 
were retropectively analyzed. The study was approved 
by the Luoyang Orthopedic-traumatological Hospital’s 
ethical review committee (KY2018-001–01). Written 
informed consent was obtained from all patients to use 
their clinical data for the clinical research.

The inclusion criteria were as follows: (1) Infec-
tion after intramedullary nail fixation; (2) Patients were 
treated with intramedullary nail removal, local debride-
ment, antibiotic artificial bone implantation and external 
fixation; (3) Retrospective study. The exclusion criteria 
were as follows: (1) Patients with severe liver and kid-
ney insufficiency, cardiovascular and cerebrovascular 
diseases, diabetes and other medical diseases that affect 
the treatment effect; (2) Patients with severe osteoporo-
sis; (3) Patients with intra-articular fracture. The diagno-
sis of infection after intramedullary nail fixation is based 
on the expert consensus,which comes from Associa-
tion for the Study of Internal Fixation [14]. The contents 
include: (1) Patients with fistula and sinus that connected 
with implant or bone tissue; (2) During the operation, pus 
was found around the implants; (3) The bacterial culture 
of the suspected infected tissue was positive during the 
operation; (4) Histopathological examination confirmed 
the presence of pathogenic microorganisms in suspected 
infected tissues. Infection after intramedullary nail fixa-
tion can be diagnosed if one of the above conditions was 
met.

From March 2010 to August 2020, a total of 33 patients 
who met the inclusion criteria were included in the anal-
ysis. There were 27 males and 6 females, aged from 12 to 
67 years (average 42.27 ± 14.80 years), 18 cases on the left 
side and 15 cases on the right side. Among them, 20 cases 
were open fractures with initial injury and 13 cases were 
closed fractures. All fractures were due to some form 
of trauma (traffic trauma in 21 cases, falling injury in 9 
cases and heavy pound injury in 3 cases). Preoperative 
radiographs showed that 6 patients had healed fractures 
and 27 patients had unhealed fractures. The interval 
between the infection and the first operation from half 
a month to 12  months(average 3.53 ± 2.73  months). 
Routine examinations were performed after admission. 
The average preoperative white blood cell (WBC) was 
(9.31 ± 2.03) × 109/L, the average preoperative C-reac-
tive protein (CRP) was (34.46 ± 33.8) mg/L, and the 
preoperative erythrocyte sedimentation rate (ESR) was 
(34.85 ± 26.1) mm/ h. The basic information of patients 
were shown in Table 1.

Surgical procedures
Preoperative treatment: Twenty-six patients with sinus 
tracts received bacterial culture of secretions. The results 
showed that: 16 cases of Staphylococcus aureus, 4 cases 
of Pseudomonas aeruginosa, 1 case of Enterobacter cloa-
cae, 5 cases of negative. We selected sensitive antibiotics 
for antibacterial treatment based on the culture results, 
and if there is no sinus or the result is negative, antibiotics 
were used empirically. All patients received radiographs 
of the affected limbs to assess the healing of the fractures, 
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clarify the bone defect and the scope of infection before 
the operation. In the present study, all the surgical proce-
dures were performed by the same surgeon.

Operation method: After  anesthesia, the  patient  was 
placed in a supine position, and the surgical area is dis-
infected routinely. The intramedullary nail was removed, 
and the inflammatory tissue, scars, pus, dead bones in 
the nail area and the fractured end were removed com-
pletely. Finally, the grinding drill was used to polish unitl 
the “chili sign” appeared [15]. The soft drill was used to 
ream the medulla and facilitate the removal of inflam-
matory tissue in the medullary cavity, and then send 
the necrotic or infected tissue removed from the med-
ullary to bacterial culture. The standard for reaming is 
1 ~ 2  mm larger than the original intramedullary diam-
eter. when the fresh cancellous bone mud appeared in 
the groove of the soft drill bit, a long nozzle water gun 
was used to flush the medullary cavity along the open-
ing of the intramedullary nail and the broken end of the 
fracture with no less than 6L of washing water [3]. After 
rinsed repeatedly with normal saline and hydrogen per-
oxide, infection area was soaked by iodophor solution for 
10 mintues. Then replaced surgical drapes and gloves. 
The antibiotic artificial bone was prepared with a ratio 
of vancomycin 0.5 g + gentamicin 2 ml + calcium sulfate 
bone powder 5  ml (Biocomposites Ltd, England), and 

the mixed paste was implanted evenly into the mold to 
form the 4  mm × 3  mm balls. The prepared vancomy-
cin calcium sulfate ball was placed and dried for 15 min, 
and then filled into the medullary cavity evenly. Unilat-
eral external fixator was used for fixation. Finally, placed 
the drainage tube, sutured the wound in layers, and cov-
ered the wound with a sterile dressing. In consideration 
of the patient’s economic situation and the possible side 
effects of calcium sulfate bone powder, the total amount 
of calcium sulfate bone meal used by each patient did not 
exceed 50 ml.

Postoperative treatment: routine anticoagulant and 
analgesic therapy were performed after surgery. Accord-
ing to the results of preoperative bacterial culture, sen-
sitive antibiotics were used for intravenous infusion 
and then switched to oral antibiotics for 4 weeks. If the 
bacterial culture results of the infected tissue taken out 
during the operation were inconsistent with the preop-
erative culture results, antibiotics should be adjusted in 
time. Surgical dressing change was performed regularly, 
wound healing and drainage tube were observed. Mus-
cle exercises and related joint exercises are encouraged. 
Blood routine, C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR) were checked to understand 
the control of inflammation every two weeks after sur-
gery. Radiographs were reviewed regularly to observe 
the healing of the fracture. Because of bone defects, 19 
patients underwent autologous iliac bone graft surgery 
after infection control.

Result evaluation
At present, there is no exact diagnosis and treatment 
evaluation standard for postoperative infection of 
intramedullary nails. We consulted relevant literature 
and evaluated the efficacy according to whether the 
fracture healing and infection control. Infection control 
includes: Disappearance of the patient’s systemic inflam-
matory symptoms. Wound healing, no local redness, 
no swelling and pain. CRP, ESR, and WBC indicators 
return to normal. Infection recurrence includes: Patients 
still has fever. Local redness, swelling, pain, sinus and 
poor wound healing. Abnormal CRP, ESR, and WBC 
indicators.

Statistical analysis
IBM SPSS 21.0 software (SPSS Inc, USA) was used for 
statistical processing. Quantitative data was presented as 
mean ± standard deviation.

Results
The operations of all patients were completed success-
fully. The operation time was 110 ~ 240  min (average 
158.49 ± 23.3  min), and intraoperative blood loss was 

Table 1  Patients demographics

Data shown as mean ± standard deviation. P < 0.05, significant difference

WBC white blood cell; CRP C-reactive protein; ESR erythrocyte sedimentation 
rate

Variables

No.of cases 33

Sex(Male/Female) 27/6

Mean age(years) 42.27 ± 14.80

Location

Femure 14

Tibia 19

Initial trauma

Traffic trauma 21

Falling injury 9

Heavy pound injury 3

Open fracture 20

Closed fracture 13

The interval between the infection and the first 
operation(months)

3.53 ± 2.73

Fracture healed or not 6/27

Inflammatory indicators before surgery

WBC (9.31 ± 2.03) × 109

CRP 34.46 ± 33.8

ESR 34.85 ± 26.1
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200 ~ 1000  ml (average 490.91 ± 298.3  ml). Thirty-three 
patients were followed up for 10 ~ 98  months after sur-
gery (average 62.7  months). Because of poor infec-
tion control, one patients underwent debridement and 
artificial bone implantation again. Two patients also 
received antibiotic artificial bone implants again due 
to the recurrence of the infection.. After treatment, 
infection was controlled and the fracture healed well. 
Because of persistent postoperative exudation, one 
patient received vacuum sealing drainage (VSD), five 
patients were also cured successfully after continuous 
dressing. Because of the sinus left after the operation, 
two patients received continuous dressing, and the sinus 
healed well. After the first-stage operation, 19 patients 
received second-stage autologous iliac bone grafting due 
to residual bone defects. The bone defect ranged from 3 
to 6.5 cm (average 4.15 ± 0.82 cm). The external fixation 
time was 4 ~ 16  months (average 7.79 ± 2.81  months). 
The bone healing time was 4 ~ 13  months (average 
6.67 ± 2.43  months). Inflammatory indicators including 
CRP, ESR, and WBC returned to normal levels within 2 
to 8 weeks (average 4.48 ± 1.46 weeks). The clinical out-
comes of patients were shown in Table 2. A typical case 
was shown in the Fig. 1.

Discussion
At present, there is still no consensus on the treatment 
of infection after intramedullary nail fixation. The choice 
of treatment plans depends on the doctor’s personal 
experience mostly. Some scholars advocated retaining 

intramedullary nails, and believe that intramedullary 
nails can provide sufficient stability for the fractured end. 
The stability of the fractured end plays a very impor-
tant role in fracture healing. Therefore, they advocated 
performing local debridement to reduce the degree of 
infection and waiting for the fracture to heal. Turn the 
infection associated with fractures into separate infec-
tion. Compared with fracture healing, other scholars 
believed that the control of infection should be given 
priority. They advocated to remove intramedullary nails 
as soon as possible, perform local debridement and take 
corresponding measures to control infection. About 
infection after intramedullary nail fixation, we believe 
that the first purpose of treatment is to control the infec-
tion. The repair of bone defects is secondary. Because if 
the infection recurs, the treatment of the bone defect is 
meaningless. If the infection is controlled, the infectious 
bone defect can be converted into a single bone defect, 
which will reduce the difficulty of treatment greatly.

In the process of intramedullary nail fixation, the med-
ullary cavity needs to be reamed, which will cause tem-
porary damage to the blood supply in the medullary 
cavity. When the peripheral blood supply of the perios-
teum is normal, the blood supply inside the medullary 
cavity will be restored within 4–6 weeks [16]. The early 
infection of intramedullary nail fixation is manifested as 
a local infection, but the bacteria will spread in the entire 
medullary cavity along the intramedullary nail quiklly 
[17]. Due to the destruction of the blood supply in the 
medullary cavity and the presence of metal foreign bod-
ies, bacterial biofilms will form quickly in the medullary 
cavity [18, 19]. In this case, the bacteria can survive under 
antibiotics and the autoimmune system, causing repeated 
infections. The treatment of infection after intramedul-
lary nails needs to solve the situation of infection and 
instability of the fracture site. It is difficult to control 
intramedullary infection under the circumstance of local 
debridement. Therefore, it is extremely difficult to control 
the infection under the premise of retaining the internal 
fixation in the early stage. It was reported in the literature 
that the success rate of this method is only 33% [20]. For 
late infection, the presence of bacteria often affects frac-
ture healing and causes infectious bone nonunion. The 

Table 2  Summary of clinical outcomes of patients

Data shown as mean ± standard deviation. P < 0.05, significant difference

Variables

Operation time (min) 158.49 ± 23.3

Intraoperative blood loss (ml) 490.91 ± 298.3

External fixation time (month) 7.79 ± 2.81

Bone healing time (month) 6.67 ± 2.43

Time for inflammatory indicators returned to normal 
levels (week)

4.48 ± 1.46

(See figure on next page.)
Fig. 1  Typical case. A 37-year-old male patient with fracture of the femur due to traffic injury. Two months after intramedullary nail fixation, the 
patient developed swelling, ulceration, and purulent discharge on the medial femur. a preoperative radiographs showed intramedullary nail 
fixation of the femoral fracture. b one week after operation, radiographs showed that the intramedullary nail had been removed, the upper femoral 
medullary cavity was filled with artificial bone particles, and the external fixation was performed. c forty-five days after operation, bone callus can 
be seen at the fracture end, artificial bone particles were absorbed. d four months after operation, the callus grew well and the artificial bone 
particles were absorbed completely. e six months after operatian, the callus grew well and the external fixation was performed. f seven months 
after operation, the callus grew well and the external fixation was performed. g eight months after operation, the callus grew well and the extermal 
fixation was performed. h eleven months after operation, the fracture was healed, and the external fixator was removed. i sixteen months after 
operation, radiographs showed that the fracture healed well
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Fig. 1  (See legend on previous page.)
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existence of internal fixation is not conducive to infection 
control, and the stability of the fracture site is a neces-
sary condition to control infection and promote fracture 
healing [20]. Therefore, in this study, both early and late 
infections were treated with removing intramedullary 
nails, local debridement, topical antibiotics and external 
fixation.

Local application of antibiotics is very important in the 
control of bone infections [21]. Antibiotic irrigation and 
antibiotic bone cement implantation were used in the 
past as the usual methods. Some scholars have compared 
the clinical efficacy of antibiotic irrigation and antibiotic-
loaded calcium sulfate in the treatment of chronic osteo-
myelitis, and found that the recurrence rate of infection 
and the probability of drainage tube obstruction were 
higher in this method [11]. Some scholars reviewed the 
clinical efficacy of the Ilizarov technique combined with 
antibiotic irrigation in the treatment of chronic osteo-
myelitis, and proved that antibiotic irrigation was still a 
good way to control infection on the basis of thorough 
debridement, but it would prolong the hospital stays and 
increase the economic burden of the patients signifi-
cantly [22]. In order to solve this problem, the antibiotic 
delivery system emerged. In the 1970s, Professor Buch-
holz was the first person to apply bone cement mixed 
with antibiotics to revision surgery after hip arthroplasty, 
and found that the infection control rate can be increased 
to 90% without systemic antibiotics [23]. Professor 
Walenkamp reported 100 cases of chronic osteomyelitis 
treated with antibiotic bone cement beads. During the 
average follow-up period of 5  years, the infection con-
trol rate reached to 92% [24]. In order to provide local 
stability, some scholars used bone cement rods mixed 
with antibiotics to treat infectious bone nonunions. They 
believed that bone cement rods can integrate closely with 
the medullary cavity and eliminate dead spaces, which 
were beneficial to inflammation elimination and fracture 
healing [25]. However, antibiotic bone cement also has its 
own shortcomings, including: difficult placement in the 
medullary cavity, requirement for second operation to 
remove and unstable antibiotic release [3].

In this study, antibiotic delivery system we used is cal-
cium sulfate, which has both tissue compatibility and oste-
oconductivity. Calcium sulfate is a biological material that 
can be degraded in the human body. The antibiotic loaded 
with calcium sulfate could reach the release peak within 
6 ~ 24  h and maintain the antibacterial concentration for 
6 ~ 8 weeks [26]. Moreover, the porous structure of calcium 
sulfate and method of layer-by-layer degradation can make 
the antibiotic to penetrate sufficiently, and avoid becom-
ing a carrier for bacterial colonization in the late stage [27]. 
Some scholars have found that calcium sulfate can exhib-
its a microstructure similar to human cancellous bone, the 

formation of trabecular bone can be observed under light 
microscope after being absorbed in the human body [28]. 
Due to these advantages, calcium sulfate loaded with anti-
biotics has become more and more widely used in bone 
infections. Antibiotic artificial bone can not only release 
antibiotics slowly to achieve the purpose of continuous 
antibacterial, but also fill the bone defect. The later degra-
dation process is also the process of new bone formation, 
which creates an opportunity for the repair of bone defects 
and accelerates the healing of the fracture site. In this study, 
fourteen patients received vancomycin calcium sulfate 
implantation, not only the infection was controlled and the 
fractures healed well without secondary autologous bone 
grafting.

The use of antibiotic artificial bone and external fixation 
to treat infection after intramedullary nail fixation requires 
the following considerations: (1) Thorough debridement 
has always played an important role in the treatment of 
bone infections. Reaming and debridement of the entire 
bone is required. The distal window should be opened to 
facilitate the discharge of inflammatory tissues and debris 
before reaming. (2) If the medullary cavity is closed due to 
bone filling, the bone window should be performed locally 
to remove bone tissue. (3) Vancomycin and gentamicin are 
the first choice for antibiotics topical application due to 
extensive antibacterial spectrum, thermal stability and low 
sensitization [29]. (4) In this study, 16 cases of Staphylococ-
cus aureus, 4 cases of Pseudomonas aeruginosa, 1 case of 
Enterobacter cloacae, 5 cases of negative. Therefore, both 
vancomycin and gentamicin were added to calcium sulfate 
to ensure the efficacy. (5) Water will be produced during 
the degradation of calcium sulfate, which will cause large 
local drainage. So it is necessary to change the dressing 
regularly and take care of the wound [30]. In this study, 
one patient received vacuum sealing drainage (VSD) due to 
persistent postoperative exudation, another 5 patients con-
trolled the continuous exudation after continuous dressing 
changes and wound care.

This study also has some limitations: (1) First of all, we 
did not set up a control group, and did not compare the 
efficacy of this method with the results of other methods. 
(2) Second, this is a retrospective study, which may be bias 
in the patients included in the study and the final results. 
(3) Third, the number of patients included in this study is 
small, so it is necessary to introduce a larger sample of ran-
domized controlled trials to enhance the conviction of the 
conclusions.

Conclusion
The available evidences show that antibiotic artificial 
bone implantation and external fixation is an effective 
method for the treatment of infection after intramedul-
lary nail fixation.



Page 7 of 8Hua et al. BMC Musculoskeletal Disorders          (2022) 23:209 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12891-​022-​05161-8.

Additional file 1. 

Acknowledgements
Not applicable.

Authors’ contributions
XWW, JGG and HTH performed the study program design. LZ, JFC, ZRG, SLW 
and WLZ performed the assistance in the case collection. HTH performed the 
data statistical analysis. XWW and JGG reviewed the manuscript. All authors 
have read and approved the manuscript.

Funding
This study was supported by the Henan science and technology project (No. 
172102310414).

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to limitations of ethical approval involving the patient 
data and anonymity but are available from the corresponding author on 
reasonable request.

Declarations

Ethical approval and consent to participate
The study was approved by the Luoyang Orthopedic-traumatological Hospi-
tal’s ethical review committee (KY2018-001–01). All methods were carried out 
in accordance with relevant guidelines and regulations. Informed consent was 
obtained from all participants. If patients were under 16 years old, informed 
consent was obtained from their parents or legal guardian.

Consent for publication
Consent for publication has been obtained from the subject.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Research and Treatment Center of Bone and Joint Infections, Luoyang 
Orthopedic-Traumatological Hospital of Henan Province (Henan Provincial 
Orthopedic Hospital), Luoyang, China. 2 Henan University of Traditional Chi-
nese Medicine, Zhengzhou, China. 

Received: 20 November 2021   Accepted: 24 February 2022

References
	1.	 Duan X, Al-Qwbani M, Zeng Y, et al. Intramedullary nailing for tibial shaft 

fractures in adults. Cochrane Database Syst Rev. 2012;1:D8241. https://​
doi.​org/​10.​1002/​14651​858.​CD008​241.​pub2.

	2.	 Tsang ST, Mills LA, Frantzias J, et al. Exchange nailing for nonunion of 
diaphyseal fractures of the tibia: our results and an analysis of the risk fac-
tors for failure. Bone Joint J. 2016;98-B(4):534–41. https://​doi.​org/​10.​1302/​
0301-​620X.​98B4.​34870.

	3.	 Zhang HA, Zhou CH, Meng XQ, et al. Intramedullary reaming and irriga-
tion and antibiotic-loaded calcium sulfate implantation for the treatment 
of infection after intramedullary nailing: a retrospective study of 19 cases. 
BMC Musculoskelet Disord. 2020;21(1):710. https://​doi.​org/​10.​1186/​
s12891-​020-​03734-z.

	4.	 Lidgren L, Torholm C. Intramedullary reaming in chronic diaphy-
seal osteomyelitis: a preliminary report. Clin Orthop Relat Res. 
1980;151:215–21.

	5.	 Yanlong Zhang, Chenchen Feng, Shuwei Tian. Successful management 
of intramedullary nail associated infection with reaming and antibiotic 
cement beads /rod. Chin J Orthop. 2018;38(9):523–9.

	6.	 Paley D, Herzenberg JE. Intramedullary infections treated with antibi-
otic cement rods: preliminary results in nine cases. J Orthop Trauma. 
2002;16(10):723–9. https://​doi.​org/​10.​1097/​00005​131-​20021​1000-​00007.

	7.	 Heijink A, Yaszemski MJ, Patel R, et al. Local antibiotic delivery with Osteo-
Set, DBX, and Collagraft. Clin Orthop Relat Res. 2006;451:29–33. https://​
doi.​org/​10.​1097/​01.​blo.​00002​29319.​45416.​81.

	8.	 Luo S, Jiang T, Yang Y, et al. Combination therapy with vancomycin-
loaded calcium sulfate and vancomycin-loaded PMMA in the treatment 
of chronic osteomyelitis. BMC Musculoskelet Disord. 2016;17(1):502. 
https://​doi.​org/​10.​1186/​s12891-​016-​1352-9.

	9.	 Gramlich Y, Walter G, Gils J, et al. Early Results of Adjuvant Topical Treat-
ment of Recurrent Osteomyelitis with Absorbable Antibiotic Carriers. Z 
Orthop Unfall. 2017;155(1):35–44. https://​doi.​org/​10.​1055/s-​0042-​112228.

	10.	 Gitelis S, Brebach GT. The treatment of chronic osteomyelitis with a bio-
degradable antibiotic-impregnated implant. J Orthop Surg (Hong Kong). 
2002;10(1):53–60. https://​doi.​org/​10.​1177/​23094​99002​01000​110.

	11.	 Qin CH, Zhang HA, Chee YH, et al. Comparison of the use of antibiotic-
loaded calcium sulphate and wound irrigation-suction in the treatment 
of lower limb chronic osteomyelitis. Injury. 2019;50(2):508–14. https://​doi.​
org/​10.​1016/j.​injury.​2018.​10.​036.

	12.	 Zhang Z, Zhang C, Guo QF, et al. Application of vancomycin-loaded 
calcium sulphate in treatment of osteomyelitis. Zhongguo Yi Xue Ke Xue 
Yuan Xue Bao. 2013;35(3):337–42. https://​doi.​org/​10.​3881/j.​issn.​1000-​
503X.​2013.​03.​018.

	13.	 Gauland C. Managing lower-extremity osteomyelitis locally with surgical 
debridement and synthetic calcium sulfate antibiotic tablets. ADV SKIN 
WOUND CARE. 2011;24(11):515–23. https://​doi.​org/​10.​1097/​01.​ASW.​
00004​07647.​12832.​6c.

	14.	 Metsemakers WJ, Morgenstern M, McNally MA, et al. Fracture-related 
infection: A consensus on definition from an international expert group. 
Injury. 2018;49(3):505–10. https://​doi.​org/​10.​1016/j.​injury.​2017.​08.​040.

	15.	 Thaddeus CA, Emeka OM. Whole clavicle sequestration from chronic 
osteomyelitis in a 10 year old boy: A case report and review of the litera-
ture. Ann Med Surg (Lond). 2016;6:92–5. https://​doi.​org/​10.​1016/j.​amsu.​
2016.​02.​011.

	16	 Kanakaris N, Gudipati S, Tosounidis T, et al. The treatment of intramedul-
lary osteomyelitis of the femur and tibia using the Reamer-Irrigator-Aspi-
rator system and antibiotic cement rods. Bone Joint J. 2014;96-B(6):783–8. 
https://​doi.​org/​10.​1302/​0301-​620X.​96B6.​32244.

	17.	 Xue DT, Li H, Pan ZJ, et al. The treatment of early and delayed infection of 
intramedullary nails of lower limb. Chin J Orthop. 2018;38(9):556–62.

	18.	 O’Gara JP, Humphreys H. Staphylococcus epidermidis biofilms: impor-
tance and implications. J Med Microbiol. 2001;50(7):582–7. https://​doi.​
org/​10.​1099/​0022-​1317-​50-7-​582.

	19.	 Wasko MK, Borens O. Antibiotic cement nail for the treatment of post-
traumatic intramedullary infections of the tibia: midterm results in 10 
cases. Injury. 2013;44(8):1057–60. https://​doi.​org/​10.​1016/j.​injury.​2013.​05.​
001.

	20.	 Berkes M, Obremskey WT, Scannell B, et al. Maintenance of hardware after 
early postoperative infection following fracture internal fixation. J Bone 
Joint Surg Am. 2010;92(4):823–8. https://​doi.​org/​10.​2106/​JBJS.I.​00470.

	21.	 van Vugt TA, Geurts J, Arts JJ. Clinical Application of Antimicrobial Bone 
Graft Substitute in Osteomyelitis Treatment: A Systematic Review of Dif-
ferent Bone Graft Substitutes Available in Clinical Treatment of Osteomy-
elitis. Biomed Res Int. 2016;2016:6984656. https://​doi.​org/​10.​1155/​2016/​
69846​56.

	22.	 Hui T, Yong S, Chunxiao Li. Ilizarov technique and windowing con-
tinuous irrigation of the medullary cavity to treat chronic lower limb 
osteomyelitis following intramedullary nailing. Chin J Orthop Trauma. 
2015;17(10):868–73.

	23	 Buchholz HW, Elson RA, Engelbrecht E, et al. Management of deep infec-
tion of total hip replacement. J Bone Joint Surg Br. 1981;63-B(3):342–53. 
https://​doi.​org/​10.​1302/​0301-​620X.​63B3.​70215​61.

	24.	 Walenkamp GH, Kleijn LL, de Leeuw M. Osteomyelitis treated with 
gentamicin-PMMA beads: 100 patients followed for 1–12 years. Acta 
Orthop Scand. 1998;69(5):518–22. https://​doi.​org/​10.​3109/​17453​67980​
89977​90.

https://doi.org/10.1186/s12891-022-05161-8
https://doi.org/10.1186/s12891-022-05161-8
https://doi.org/10.1002/14651858.CD008241.pub2
https://doi.org/10.1002/14651858.CD008241.pub2
https://doi.org/10.1302/0301-620X.98B4.34870
https://doi.org/10.1302/0301-620X.98B4.34870
https://doi.org/10.1186/s12891-020-03734-z
https://doi.org/10.1186/s12891-020-03734-z
https://doi.org/10.1097/00005131-200211000-00007
https://doi.org/10.1097/01.blo.0000229319.45416.81
https://doi.org/10.1097/01.blo.0000229319.45416.81
https://doi.org/10.1186/s12891-016-1352-9
https://doi.org/10.1055/s-0042-112228
https://doi.org/10.1177/230949900201000110
https://doi.org/10.1016/j.injury.2018.10.036
https://doi.org/10.1016/j.injury.2018.10.036
https://doi.org/10.3881/j.issn.1000-503X.2013.03.018
https://doi.org/10.3881/j.issn.1000-503X.2013.03.018
https://doi.org/10.1097/01.ASW.0000407647.12832.6c
https://doi.org/10.1097/01.ASW.0000407647.12832.6c
https://doi.org/10.1016/j.injury.2017.08.040
https://doi.org/10.1016/j.amsu.2016.02.011
https://doi.org/10.1016/j.amsu.2016.02.011
https://doi.org/10.1302/0301-620X.96B6.32244
https://doi.org/10.1099/0022-1317-50-7-582
https://doi.org/10.1099/0022-1317-50-7-582
https://doi.org/10.1016/j.injury.2013.05.001
https://doi.org/10.1016/j.injury.2013.05.001
https://doi.org/10.2106/JBJS.I.00470
https://doi.org/10.1155/2016/6984656
https://doi.org/10.1155/2016/6984656
https://doi.org/10.1302/0301-620X.63B3.7021561
https://doi.org/10.3109/17453679808997790
https://doi.org/10.3109/17453679808997790


Page 8 of 8Hua et al. BMC Musculoskeletal Disorders          (2022) 23:209 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	25	 Conway J, Mansour J, Kotze K, et al. Antibiotic cement-coated rods: an 
effective treatment for infected long bones and prosthetic joint nonun-
ions. Bone Joint J. 2014;96-B(10):1349–54. https://​doi.​org/​10.​1302/​0301-​
620X.​96B10.​33799.

	26	 Wahl P, Guidi M, Benninger E, et al. The levels of vancomycin in the blood 
and the wound after the local treatment of bone and soft-tissue infection 
with antibiotic-loaded calcium sulphate as carrier material. Bone Joint 
J. 2017;99-B(11):1537–44. https://​doi.​org/​10.​1302/​0301-​620X.​99B11.​BJJ-​
2016-​0298.​R3.

	27.	 Chatzipapas C, Kougioumtzis I E, Karaglani M, et al(2020)Local Antibiotic 
Delivery Systems in the Surgical Treatment of Diabetic Foot Osteomyeli-
tis: Again, No Benefit? Int J Low Extrem Wounds.: 1072192393. https://​doi.​
org/​10.​1177/​15347​34620​973961

	28.	 Gu Z, Wang S, Weng W, et al. Influences of doping mesoporous magne-
sium silicate on water absorption, drug release, degradability, apatite-
mineralization and primary cells responses to calcium sulfate based bone 
cements. Mater Sci Eng C Mater Biol Appl. 2017;75:620–8. https://​doi.​org/​
10.​1016/j.​msec.​2017.​02.​100.

	29.	 Boot W, Schmid T, D’Este M, et al(2021)A Hyaluronic Acid Hydrogel 
Loaded with Gentamicin and Vancomycin Successfully Eradicates 
Chronic Methicillin-Resistant Staphylococcus aureus Orthopedic Infec-
tion in a Sheep Model. Antimicrob Agents Chemother. 65(4). https://​doi.​
org/​10.​1128/​AAC.​01840-​20

	30.	 Badie AA, Arafa MS. One-stage surgery for adult chronic osteomyelitis: 
concomitant use of antibiotic-loaded calcium sulphate and bone mar-
row aspirate. Int Orthop. 2019;43(5):1061–70. https://​doi.​org/​10.​1007/​
s00264-​018-​4063-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1302/0301-620X.96B10.33799
https://doi.org/10.1302/0301-620X.96B10.33799
https://doi.org/10.1302/0301-620X.99B11.BJJ-2016-0298.R3
https://doi.org/10.1302/0301-620X.99B11.BJJ-2016-0298.R3
https://doi.org/10.1177/1534734620973961
https://doi.org/10.1177/1534734620973961
https://doi.org/10.1016/j.msec.2017.02.100
https://doi.org/10.1016/j.msec.2017.02.100
https://doi.org/10.1128/AAC.01840-20
https://doi.org/10.1128/AAC.01840-20
https://doi.org/10.1007/s00264-018-4063-z
https://doi.org/10.1007/s00264-018-4063-z

	Antibiotic artificial bone implantation and external fixation for the treatment of infection after intramedullary nail fixation: a retrospective study of 33 cases
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Surgical procedures
	Result evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


