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Background: The aim of this study was to analyze the efficacy of vacuum sealing drainage combined with llizarov bone trans-
port technique in the treatment of tibial traumatic osteomyelitis and risk factors for postoperative pin infection.
Material/Methods: We enrolled 78 patients with tibial traumatic osteomyelitis admitted at the First People’s Hospital of Kashgar
from January 2015 to September 2017 and treated with vacuum sealing drainage combined with Ilizarov bone
transport technique.
Results: After combined treatment, SAS and SDS scores decreased significantly, while SF-36 scores increased signifi-
cantly. Comparisons showed that there were significant differences in the scores of patients after treatment
(P<0.05). Univariate analysis showed that there were no significant differences in gender, BMI, hypertension,
diabetes mellitus, COPD, smoking index, alcohol abuse history, or residence (P>0.05). There were significant dif-
ferences in age, fracture type, fixation type, pin loosening, and indwelling time between the 2 groups (P<0.05).
Multivariate logistic analysis showed that age, fracture type, fixation type, pin loosening, and indwelling time
were independent risk factors for pin infection. Age, fracture type, fixation type, pin loosening, and indwelling
time are independent risk factors for pin infection in patients with tibial traumatic osteomyelitis.
Conclusions: Combination of vacuum sealing drainage with Ilizarov bone transport technique can effectively improve the
condition of tibial traumatic osteomyelitis, improve the quality of life of patients, and reduce the occurrence
of adverse emotions of patients. Age, fracture type, fixation type, pin loosening, and indwelling time are inde-
pendent risk factors for pin infection in patients with tibial traumatic osteomyelitis.
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Background

With the gradual development of society and the acceleration
of industrial modernization, there are more and more cases of
high-energy injuries, and limb fractures are the most common
clinically [1]. Because patients are prone to wound infection,
skin necrosis, and long-term wound healing after fracture, it is
very easy for patients to develop traumatic osteomyelitis with-
out effective treatment. As a chronic disease, traumatic osteo-
myelitis is mainly caused by wound, operation or tissue infec-
tion around the wound. and the patient is often accompanied
by repeated infection and low fever. If the patient does not
undergo timely debridement treatment, the pathogens exist-
ing in the lesion tissue for a long time can also cause low re-
active inflammation, dead bone and sinus tract [2,3]. Research
shows that [4], tibia is the most common site of traumatic
osteomyelitis, and patients with tibial osteomyelitis not only
have fractures, but also will be accompanied by bone infec-
tion and bone exposure. Bone infection is not conducive to
fracture healing, and bone exposure can affect infection con-
trol and even aggravate the infection of patients. Therefore,
clinical workers urgently need to find an effective treatment
to improve the patient’s condition.

Surgery is the main clinical treatment of tibial traumatic osteo-
myelitis. Its principle is to promote bone healing by killing the
necrotic joint cavity and clearing the lesions. However, the tra-
ditional treatment is to prevent active infection by antibiotics
and surgical removal of the wound, then to close the wound
by skin flap transplantation, and finally to repair the bone de-
fect by free bone transplantation. It not only takes a lot of time
and money, but also increases patients’ negative emotions and
reduces patients’ healing and recovery [5,6]. With the continu-
ous improvement of medical level, more and more treatment
schemes have been applied in clinic. Vacuum sealing drainage
and llizarov technology have been favored by clinicians in the
treatment of tibial traumatic osteomyelitis. Vacuum sealing
drainage can completely seal the wound and reduce the prob-
ability of cross infection in the surrounding tissues of patients.
And continuous negative pressure suction can effectively remove
the exudate and necrotic tissue of the wound, improve microcir-
culation of the wound and eliminate tissue edema [7,8]. llizarov
technique can completely remove the necrotic bone segments
without re-repair of bone and soft tissue. It can effectively con-
trol infection and shorten the treatment time of patients [9].

However, llizarov technology is likely to appear pin infec-
tion in the clinical treatment process, which may prolong the
treatment time of patients and have a certain impact on the
quality of life of patients [10]. However, llizarov technology is
likely to cause pin infection in the clinical treatment process,
which may prolong the treatment time of patients and affect
the quality of life of patients [10]. Therefore, in this study, we
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explored the efficacy of vacuum sealing drainage combined
with Ilizarov bone transport technique in the treatment of tibi-
al traumatic osteomyelitis, and analyzed the risk factors of pin
infection in patients, so as to provide reference for clinicians.

Material and Methods

Clinical data of the patient

78 patients with tibial traumatic osteomyelitis admitted in
The First People’s Hospital of Kashgar from January 2015 to
September 2017 were selected as the study subjects (study
group). Patients were treated with vacuum sealing drainage
combined with Ilizarov bone transport technique. There were 52
male patients and 26 female patients, with an age range of 23
to 68 years and an average age of 44.5+10.5 years. Causes of
injury: 54 cases of traffic accident, 12 cases of high-fall injury,
8 cases of crush injury and 4 cases of other injuries. According
to the Gustilo-Anderson classification, there were 35 patients
with type Il and 43 patients with type IV (Table 1). The study
was approved by the Medical Ethics Committee of The First
People’s Hospital of Kashgar, and all family members and pa-
tients were informed and signed informed consent.

Inclusion and exclusion criteria

Inclusion criteria: All patients were examined by X-ray and CT
three-dimensional reconstruction. All patients met the diag-
nostic criteria of traumatic osteomyelitis. The patient’s lesion
was located in the humerus. The patient’s condition was sta-
ble and surgery was possible. The patient’s clinical data was
complete and can be combined with regular follow-up and
treatment. Bone defect was more that 4 cm.

Exclusion criteria: patients with malignant tumors; patients
with gestational or lactating gestational women; patients with
lesions who had previous fractures before the current study
and who had a history of related treatments; patients whose
surgical risk exceeded the efficacy; patients who could not un-
dergo surgery (All patients are treated conservatively).

Treatment programs

All patients in this study were treated with vacuum sealing
drainage combined with Ilizarov bone transport technique. The
treatment programs are as follows:

The patient was placed in a supine position and anesthetized
with general anesthesia or continuous epidural anesthesia. The
conventional drape is disinfected, and the affected limb is raised
and treated with a disinfecting balloon tourniquet (the exter-
nal fixed stent is taken out). Clean the patient’s wound, remove
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Table 1. Clinical data of patients.

Factor Research group(n=78)

Sex
Male 52 (66.67)
Female 26  (33.33)

=50 24 (30.77)
"""" so o osa (923
Cemikgm) 23150188
CAnamness
"""" Hypertension 30 (3846)
"""" Diabetes mellitus 25 (205
"""" co0 8 (020
Smokingindex (branch)
Cose0 59 (7564
"""" @0 19 (436
History of alcoholism
e 13 (667)
"""" N 65 (833
Cpomicle
"""" ay 70 @74
ovilage s (1026
Cause of injury in patients
 Teffcacident 4 (6923
"""" Hghfalinuy 12 (1538
"""" Crushinury 8 (1026
"""" other 4 (13
Gustilo-Anderson typing
"""" Wpe 35 @8
"""" Nype 43 (513
Clssification of fracture
"""" Open tibial fracture 48 (6154
"""" Closed tibial fracture 30 (3846)
CFxedtype
"""" Plate internal fixation 38 @872
"""" External fixator fixation 40 (5128)

COPD - chronic obstructive pulmonary disease; BMI — body mass
index.

Yikemu X. et al.:
Infection risk factors of vacuum sealing drainage combined with ilizarov bone transport
© Med Sci Monit, 2019; 25: 6864-6871

the scar, sinus and infected soft tissue, and remove the origi-
nal internal fixation. The hardened and necrotic bone was re-
sected and the medullary cavity was dredged. Loosen the tour-
niquet. After the blood is completely stopped, debridement is
performed again until the wound edge and the bone end have
fresh blood oozing out. The wound was subsequently cleaned
(brine, 3% hydrogen peroxide solution, 5% povidone iodine so-
lution). Tibial traumatic osteomyelitis was treated with vacuum
sealing drainage combined with Ilizarov bone transport tech-
nique. The negative pressure closed drainage foam material was
cut according to the size and shape of the patient’s wound sur-
face. After cutting the material, fill it into the dead space and
cover the wound. Then, the bio-permeable film was closed, su-
tured and fixed, and connected to the central negative pres-
sure to ensure its airtight state. The llizarov external fixation
stent (Taizhou Wuyan Medical Technology Development Co.,
Ltd. China) was selected for fixation according to the patient’s
condition (the metaphysis was selected as the osteotomy site).
The llizarov ring external fixation extension frame was placed
on the patient’s leg, parallel to the upper and lower tibia rings
(and across the osteotomy plane). Use 2 (1.5~2.0mm) Kirschner
wire to drill into each ring at a constant speed (the angle of the
same ring is 30~50°). It is then fixed (the removable bone mass
can be fixed with a hydroxyapatite screw). Avoid contact with
nerve vessels when entering the needle and ensure the integ-
rity of the patient’s medullary cavity. If the patient needs to ex-
tend the limb, the tibia must be cut at the corresponding site.
If the patient’s wound can be sutured directly, a negative pres-
sure drainage tube is placed at the bone defect (the drainage
tube is removed when the drainage fluid is <50 mL/d). If the pa-
tient’s wound cannot be directly closed, the negative pressure
drainage material is used to cover the wound surface, and vac-
uum suction is performed until the patient’s wound is closed.
The patients were treated with drug sensitive antibiotics ac-
cording to the samples taken during the operation. After the
patient’s white blood cell and central granulocyte count were
normal, the drug was stopped. Continue negative pressure suc-
tion on the patient. Pay attention to whether there is a block-
age in the pipeline. The pressure is adjusted according to the
patient’s condition. The dressing is changed once a week, and
the needle is disinfected daily with alcohol drip. During the pro-
cess of bone transport, close attention is paid to the patient’s
foot artery and posterior tibial artery pulse. Pay attention to the
skin feeling of the patient’s calf and foot, and start transport-
ing after 7 days, Imm/d. It was performed in 4 times. When
X-ray showed that the new callus bone was solid and well os-
sified, and the bone mineralization was basically mature, the
limb could be loaded and removed from the external fixator.

Outcome measurement

Main observation index: The efficacy of patients was assessed
according to Paley fracture evaluation criteria [11] (Table 2).
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Table 2. Paley scoring criteria.
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Grade Expression

and the limb length difference was <2.5 cm

The fracture healed completely, and there was no recurrent infection. The local malformation was less than 7°,
and the limb length difference was less than 2.5 cm, which was consistent with any 2 of the 3 items

The fracture healed completely, and there was no recurrent infection. The local malformation was less than 7°,

The fracture healed completely, and there was no recurrent infection. The local malformation was less than 7°,

and the limb length was less than 2.5 cm, which was consistent with any one of the 3 items

The fracture healed completely, and there was no recurrent infection. The local malformation was less than 7°,

Difference

and the limb length was less than 2.5 cm, which did not satisfy any of them

Table 3. Changes of SAS, SDS, SF-36 score before and after treatment.

Grade Pretherapy (n=78) After treatment (nb78) t value P value

SAS score 59.62+11.65 31.76+8.89 15.001 <0.001
 sbsscoe  4499:840 0861508 20937 <001
 SE36score 491781466 756081057 4016 <0001

The Self-rating depression scale (SDS) and Self-Rating Anxiety
Scale (SAS) were observed before and after treatment. The
quality of life of patients was assessed using a short form 36
questionnaire (SF-36). A higher score indicates a better quali-
ty of life. All patients were followed up by telephone.

Secondary observations: Observe the pin infection during the
patient’s treatment. Patients were divided into infected and
non-infected groups according to pin infection during treat-
ment. Patient clinical data were collected for univariate anal-
ysis including gender, age, BMI, hypertension, diabetes, COPD,
smoking index, alcohol history, place of residence, cause of in-
jury, Gustilo-Anderson classification, fracture type, fixation type,
pin loosening, indwelling time. Multivariate logistic was used
to analyze independent factors in patient with pin infection.

Statistical methods

This study used the SPSS 20.0 software package to perform
statistical analysis on the collected data. This data was drawn
using GraphPad Prism 7. The K-S is used to test the normal
distribution of the data. Rate (%) was used to indicate the
count data, with chi-square test, which is represented by x>
Measurement data were expressed using mean + standard
deviation (means +SD). The measurement data between the
2 groups that conformed to the normal distribution were an-
alyzed by t test and expressed as t. Logistic multivariate was
used to analyze the risk factors for postoperative pin infection
in patients. When P<0.05, there was a statistical difference.
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Results

Patient’s condition after treatment

We followed up 78 patients. The average follow-up time was
18.9 (12~36) months. The average defect length of the patient
was 9.2cm (6~17 cm). The wound healing time was 35 days
(22~78 days). The healing time of the new bone and bone seg-
ment was 7~18 months. The extension index averaged 40d/
c¢m (25~60 d/cm).

Analysis of clinical efficacy and pin infection in patients

According to the Paley scoring criteria, the patient’s post-treat-
ment efficacy was analyzed. The results showed that after com-
bined treatment, 59 cases were excellent (75.64), 14 cases were
good (17.95), and 5 cases were normal (6.41). The excellent
and good rate was 93.59%. 78 patients who had been treat-
ed with post-intervention adjustments had recovered and re-
covered or returned to normal activities. When observing the
occurrence of complications during the treatment of patients,
19 patients (24.36%) had pin infection.

Changes in SAS, SDS, and SF-36 before and after
treatment

The SAS, SDS, and SF-36 scores of patients before treatment
were first counted. The scores of patients before treatment
were 59.62+11.65, 44.99+8.40, and 49.17+14.66, respective-
ly. After the combination therapy, the SAS scores of the pa-
tients were significantly lower, and the SF-36 scores were
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Figure 1. Changes in scores of patients before and after treatment. (A) The SAS score of patients after treatment was significantly
lower than that before treatment (P<0.05). (B) The SDS score of patients after treatment was significantly lower than
that before treatment (P<0.05). (C) The SF-36 score of patients after treatment was significantly higher than that before

treatment (P<0.05), *** indicated P<0.001.

significantly increased, which were 31.76+8.89, 20.86+5.08,
and 75.60+10.57, respectively. It was found that there were
significant differences in the scores after treatment (P<0.05)
(Table 3, Figure 1).

Multi-factor analysis of pin infection

Patients were grouped according to the pin infection in the
course of treatment. Patients with pin infection were divid-
ed into infected group (n=19), and patients without pin infec-
tion were divided into non-infected group (n=59). Univariate
analysis showed that there were no significant differences in
gender, BMI, hypertension, diabetes, COPD, smoking index, al-
cohol abuse history, place of residence, cause of injury, and
Gustilo-Anderson classification between the 2 groups (P>0.05).
There were significant differences in age, fracture type, fixa-
tion type, pin loosening, and indwelling time between the 2
groups (P<0.05) (Table 4).

Multivariate analysis of pin infection

We incorporate and assign indexes with differences (Table 5).
Then we choose Forward: LR multivariate logistic analysis
showed that age (OR: 13.863, 95% Cl: 2.112~91.000), frac-
ture type (OR: 30.602, 95% Cl: 2.625~356.784), fixation type
(OR: 8.358, 95% Cl: 1.239~56.400), pin loosening (OR: 42.709,
95% Cl: 4.379~416.574), indwelling time (OR: 1.068, 95% Cl:
1.017~1.122) was independent risk factors for pin infection
(Table 6).

Discussion

The main cause of traumatic osteomyelitis is occult infection
caused by traumatic trauma or improper treatment during
acute infection treatment. And the disease mostly occurs in

the tibia. Tibial traumatic osteomyelitis is difficult to treat and
easy to recur in clinic. To a certain extent, this has increased
the family financial burden and psychological pressure of pa-
tients [6]. At present, the main clinical treatment of osteomy-
elitis is through the thorough removal of inactivated bone and
related soft tissue to improve the patient’s condition. However,
debridement can cause bone defects in patients, especially the
reconstruction of large bone defects, which is the most diffi-
cult problem at present.

llizarov technique is an important method in clinical ortho-
pedics for the treatment of bone malformation, bone dis-
connection and tibial fracture. In particular, tibial traumat-
ic osteomyelitis caused by bone resection has relatively ideal
therapeutic effect [12]. Biofilm bacteria multiply on the dead
bone and internal fixation surface of patients, leading to re-
peated inflammation and further extending the treatment
time of patients. Vacuum sealing drainage is a technology in-
troduced by Qiu et al. in 1994. It has played a significant role
in improving various chronic wound diseases in recent years.
Therefore, in this study, we explored the improvement of vac-
uum sealing drainage combined with Ilizarov bone transport
technique in patients with tibial osteomyelitis, to provide ref-
erences for clinicians.

In this study, 78 patients with tibial traumatic osteomyelitis
were treated with vacuum sealing drainage combined with
llizarov technique. The results showed that the average time
of wound healing was 35 days, the average length of defect
was 9.2 cm, the healing time of new bone and bone segment
was 7-18 months, and the prolongation index was 40 d/cm.
This is basically the same as that of Jiang et al. [13,14]. We
then evaluated the efficacy of all patients in accordance with
the Paley fracture evaluation criteria. Paley fracture evalua-
tion standard is an important clinical standard to evaluate
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Table 4. Single factor analysis of needle infections [n (%)].

Infection group Non-infection

2
(n=19) group (n=59) Rgalue

High fall injury 12 (15.38) 3 (15.79) 9 (15.25) 2.043 0.564
"""" Crushinjuy ~ 8(1029  3(1579 5 (847)
"""" Other 4 (513 0 (000) 4 (678)
CGustilo-Andersontyping
"""" Wype 35 (a487) 8 (4211) 27 (4576) 0078 0780
"""" Mtye  43(5513) 11 (5789) 32 (5424)
Classification of fracture
"""" Opentibialfracture 48 (61.54) 16 (8421) 32 (5424) 5.455 0020
"""" Closed tibial fracture 30 (3846) 3 (1579) 27 (4576)

Yes 30 (38.46) 13 (68.42) 17 (28.81) 9.526 0.002
No 48 (61.58) 6 (31.59) 42 (71.19)
Retention time (d) 36.93+17.47 22.04+12.05 4.172 <0.001

COPD - chronic obstructive pulmonary disease; BMI — body mass index.
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Table 5. Assignment tables.

Factor Assignment

Age 1=>50 year, 0=<50 year

Needle infection(Y) 1=infect, O=non-infection

Table 6. Multi-factor logistic analysis.

Factor

Retention time

EXP(B) 95% Cl

the clinical efficacy of tibial osteomyelitis after treatment, and
its effect has been confirmed in several clinical trials [15,16].

We evaluated the patients in this study group and found that
59 cases were excellent, 14 cases were good and 5 cases were
normal, and the excellent and good rate was 93.59%. In the
study of Jian et al. [7], 15 patients with tibial traumatic osteo-
myelitis were treated with Ilizarov technique. According to the
evaluation criteria of Paley fracture, 12 cases were excellent, 1
case was good, 1 case was normal, and 1 case was poor. The
excellent and good rate was 87.3%. The excellent rate of treat-
ment by combination therapy is significantly higher than its
research. This shows that the combination of Illirov technique
with negative pressure drainage can significantly improve the
patient’s condition. The main reason is that the Ilizarov tech-
nology is strongly stable through three-dimensional fixation. In
addition, 1.5-2.0mm Kirschner wire has good elasticity, which
can increase the strength of fixation, provide excellent axi-
al stress stimulation to patients’ limbs, accelerate the forma-
tion of new blood vessels at the fracture end of patients, and
promote fracture healing [17,18]. Compared with traditional
closed lavage drainage, vacuum sealing drainage has good air-
tightness and is characterized by sufficient, thorough and effi-
cient drainage. It prevents the drainage fluid from communi-
cating with the outside world to prevent poor infection, thus
reducing the chance of infection [18,19]. And we analyzed the
SAS, SDS, and SF-36 scores before and after treatment. It was
found that the patients’ scores were significantly improved

after treatment, which improved the quality of life of patients
and prevented patients from adverse emotions from affecting
patients’ treatment effects.

At the end of the study, we analyzed the risk factors of patients
with pin infection. Compared with the advantages of Ilizarov
technology, the shortcomings are obvious. The most common
complication is pin infection [20]. patients with pin infection
are grouped for risk factor analysis. Univariate analysis showed
that there were statistical differences in age, fracture type, fix-
ation type, pin loosening, and indwelling time between the 2
groups. Multivariate analysis found that age, fracture type, fix-
ation type, pin loosening, and indwelling time were indepen-
dent risk factors for pin infection in patients. This increases
the likelihood of infection, but can be completely cured with
prompt antimicrobial therapy. Compared with closed fracture
patients, patients with open fractures are subject to high me-
chanical damage. As a result, the local skin resistance of pa-
tients with needle passage is low, which easily leads to the
breeding of bacteria. This suggested that we need to closely
observe the skin around the needle during the nursing process
to prevent the occurrence of oozing and seepage in the skin
around the needle. In contrast to the internal fixation, the ex-
ternal fixation pin is usually only subjected to traction in one
direction. This increases the possibility of slipping or loosen-
ing of the pin track. Therefore, it is necessary to pay close at-
tention to the situation of needle passage in the nursing pro-
cess to avoid loosening and slippage. Since the steel needle
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is in contact with the skin for a long time during the treat-
ment of the patient, a new wound may be caused when the
skin around the bone puncture needle is excessively pulled.
Combined with the growth of secretions around the needle
tract, repeated infections may occur. Therefore, timely nursing
after clinical treatment is particularly important.

However, there are still some limitations in this time. First of
all, our study was not included in the corresponding control
group. The difference between the traditional treatment reg-
imen and the Ilizarov technique combined with vacuum seal-
ing drainage was not compared. Secondly, during the multi-
variate analysis, the confidence intervals of the fracture type
and pin loosening were wider, which may be due to the small
number of samples. Finally, we did not have long-term fol-
low-up of patients, and the long-term efficacy of patients af-
ter treatment is still unclear. Therefore, in future research, we
hope to increase the corresponding group, expand the number
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of samples with multi-centers, and conduct long-term follow-
up to verify the correctness of the results.

Conclusions

Age, fracture type, fixation type, pin loosening, and indwelling
time are independent risk factors for pin infection in patients
with tibial traumatic osteomyelitis. Combination of vacuum
sealing drainage with Ilizarov bone transport technique can
effectively improve the condition of tibial traumatic osteomy-
elitis, improve the quality of life of patients, and reduce the
occurrence of adverse emotions of patients, which is expect-
ed to be popularized in clinical.
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