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Abstract
Objectives: Observe the e�cacy of vancomycin-loaded calcium sulfate VCS in promoting the natural
healing of bone transport's docking site.

Methods: We retrospectively analyzed 48 patients who used bone transfer to treat the tibia's infectious bone
defects from 2013 to 2018. The patients were randomly divided into an experimental group receiving VCS
treatment or a control group not receiving VCS treatment. After treatment, the two groups of docking site
healing time, skin incarceration rate, natural healing rate, external �xation index, bony results, and functional
results were compared.

Results: The experimental group achieved bone healing in the docking site union for an average of
(15.30±6.32) months after the operation. Among them, 25 cases healed spontaneously, two patients healed
after bone cleaning and grafting; the average external �xation index was (2.10 ± 0.28) months/cm; Bone
results: excellent in 19 cases, right in 7 patients, low in 1 case, functional derivatives: excellent in 16 points,
good in 9 cases, and fair in 2 cases. The control group achieved bone healing at the docking site for an
average of (15.29±5.36) months after the operation. Among them, 11 cases healed spontaneously at the
docking site, and 10 cases of non-natural healing (6 points of skin incarceration) healed after cleaning and
bone grafting; the average external �xation index was (2.09±0.25) months/cm; Bone results: excellent in 15
cases, right in 5 patients, fair in 1 case, functional products: excellent in 12 points, good in 8 cases, and
�tting in 1 case. There was no signi�cant difference in the healing time, bony results, functional results, and
external �xation index between the two groups at the docking site (P>0.05). The experimental group's skin
incarceration rate was lower than that of the control group, and the natural healing rate was higher than that
of the control group (P<0.05).

Conclusion: In bone removal surgery, the implantation of VCS in the infected bone defect area helps prevent
the docking site skin incarceration and promotes the docking site's natural healing. 

Introduction
Bone defects are caused by various reasons, such as trauma, tumor, infection, etc. [1]. The treatment of
bone defects has always been a di�cult problem in the medical �eld. The current methods used to treat
infectious bone defects mainly include the induced membrane technology pioneered by Masquilet and
Ilizarov's distraction osteogenesis [2]. Related studies have found that the Ilizarov technique has been
widely used in tibial bone defects and has gradually become the primary treatment method for infectious
bone defects[2]. The Ilizarov technology (bone handling technology) can generate reliable quality new bone
through the principle of distraction osteogenesis and has an excellent clinical effect on segmental bone
defects [3, 4]. However, some cases cannot heal naturally at the docking site. It may be necessary to clean
up and graft the bone. A common complication after bone removal is that nonunion at the docking site has
attracted more attention [5–8]. Calcium sulfate(CS)has good biocompatibility and degradability; it is a good
bone �lling material and is often used as a drug carrier to treat infectious bone defects [9]. At present, a
combination of antibiotics loaded with CS is commonly used to treat contagious bone defects. There are
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few reports in the literature about the comparative observation of the docking site's natural healing rate with
or without VCS implantation during bone transportation. Therefore, we collected tibial infectious bone
defects treated by bone transfer in Bozhou People's Hospital and Henan Orthopedic Hospital from January
2013 to January 2018. Groups were grouped according to whether VCS was implanted in the bone defect
area after debridement of the infected foci. The natural healing of the docking site was compared and
observed.

Materials And Methods

General Information
Regression analysis of patients with the tibia's infectious bone defect was treated in our hospital and
cooperative units from January 2013 to January 2018, mainly including closed tibial fracture internal
�xation, tibial open fracture, and chronic tibial osteomyelitis. According to the eligibility criteria, all patients
were followed up and evaluated(Table 1). All patients included in the study signed an informed consent
form, and the ethics committee approved our review of our hospital and our partner unit.

Table 1  Eligibility criteria of the study.

A total of 48 patients meeting the criteria were included in the study. The patients included in the study were
divided into two groups: an experimental group and a control group. The experimental group (VCS
implantation group) 27 cases: 23 males and four females; age 25–73 years old, average (48.81 ± 11.07)
years old; The course of the disease was 1 to 86 months, with an average of (21.00 ± 16.08) months; 17
cases of the infectious bone defect after internal �xation of closed tibial fractures, 8 cases of contagious
bone defect of open tibial fractures, 2 cases of chronic blood-borne osteomyelitis of tibia with the bone
defect; The length of the bone defect after debridement was 3.5 cm to 14 cm, with an average of (7.52 ± 
2.34) cm. Control group (no VCS implantation group) 21 cases: 18 males and three females; age 28–66
years old, average (50.29 ± 9.99) years old; The course of the disease was 1 to 38 months, with an average
of (17.67 ± 10.54) months; 14 cases of an infectious bone defect after internal �xation of closed tibial
fractures, 6 cases of contagious bone defect of open tibial fractures, 1 case of tibia chronic hematogenous
osteomyelitis with the bone defect; The length of the bone defect after debridement was 3.5cm-13.5cm, with
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an average of (7.68 ± 2.58)cm. There was no signi�cant difference in gender, age, cause classi�cation of
infectious bone defect, disease course, and length of the bone defect after debridement between the two
groups (P > 0.05) (Table 2).

Table 2  Comparison of basic preoperative data between EG and CG groups

Group

 

Cases

n

Gender

(n)

Age

(years)

Etiology classi�cation
of

infectious bone defect

(n)

Course of

Disease

(month)

Bone
defect
length

cm

    Male/Female  X̄±s (Internal �xation of
fractures/

open
fractures/osteomyelitis)

 X̄±s  X̄±s

CG 21 23/4 50.29±9.99 14/6/1 17.67±10.54 7.68±2.58

x2/t
value

- 0.000 0.476 0.162 0.822 0.221

P
value

- 1.000 0.636 0.922 0.416 0.826

Experment group(EG),Control group(CG)

Surgical Methods
In the supine position, the patient uses general anesthesia or combined spinal-epidural anesthesia, covers
the infected wound and surgical �eld with a protective �lm, and �xes it with a unilateral rail-type external
frame so that the outer structure is parallel to the mechanical axis of the tibia. The screw is perpendicular to
the mechanical axis of the tibia. The upper and lower metaphysis were �xed with three screw screws, and
the bone segment to be moved was �xed with two screw screws. If the remaining metaphyseal bone
segment is too short or the osteoporosis is too heavy to �x three screw nails. After �xation is lacking, the
stability adds 1 to 3 at a particular crossing angle between the metaphysis and the above screw nails. A
threaded pin is �xed together with a single-sided rail-type outer frame with a combined external �xing frame
to increase stability. Continuous drilling osteotomy was used to perform single-plane osteotomy under the
metaphysis periosteum to prepare for bone removal. The metaphyseal incision was sutured and wrapped
with a sterile dressing. Then remove the infected bone, dead bone, and hardened bone, and trim the bone
stump into parallel cross-sections as much as possible. Finally, the lesions were washed alternately with
hydrogen peroxide and normal saline and washed with diluted iodophor.

For internal �xation cases, we �rst remove the inner focus, thoroughly debride the wound, re-sterilize, drape,
and �nally perform external �xation and metaphyseal osteotomy.
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In the experimental group, the powdered medical CS and vancomycin hydrochloride were mixed at a mass
ratio of 10:1, stirred with the matching diluent, and applied to the mold when it was in a paste state. After it
has solidi�ed into a bead shape, it is implanted into the bone defect area after debridement. The bone
defect area of the control group was left open.

Postoperative Treatment
According to preoperative bacterial culture results, sensitive antibiotics were administered intravenously for
one week after surgery. Instruct patients to exercise limb function, signi�cantly to strengthen nearby joints'
exercise and increase the affected limb's axial stress stimulation through pedaling actions. Bone removal
was started one week after surgery, with 1/6mm each time, 4–6 times a day. After the operation, take
pictures for review monthly and adjust the bone migration speed according to the growth of new bone and
the patient's tolerance. After the bone stump meets, slow down the bone moving speed, and continue to
slowly move the bone for about two weeks (about 20–30 times in total) to keep the docking site in a state
of compression. After the bone stump meeting, the patient was instructed to start walking with crutches and
part of the weight-bearing. After the docking site is clinically healed, the affected limb's weight-bearing is
gradually increased until the weight is fully loaded. When the patient walks with full weight, and there is no
pain in the docking site and new bone, gradually loosen the external �xation frame or reduce the external
�xation screws. According to the imaging �ndings, the outer �xation frame was removed after about three
months.

In the following cases, the docking site is cleaned up, and the autogenous iliac bone is grafted: there is skin
incarceration between the bone stumps; the bone stumps are conical or axially offset, and the bone contact
area is small; After the bone stump reunion, compression �xation was taken for two months to observe the
docking site without signs of healing.

Observation Index
Observe whether the docking site has skin incarceration after surgery, whether the docking site heals
naturally and the healing time, whether there is a recurrence of infection or re-fracture, external �xation
index, etc. According to Paley's infectious nonunion evaluation criteria [10], observe bony results and
functional results.

Statistical analysis
The SPSS 22.0 statistical software was used for statistical analysis of the two groups of observation
indicators. The measurement data is expressed as±. Comparing age, disease course, bone defect length,
and external �xation index between groups was performed using two independent samples t test. Counting
data is expressed in frequency. Comparing the two groups of patients' gender, etiology classi�cation, Skin
incarceration rate on docking site, docking site natural healing rate, bony results, and functional results were
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compared by χ2 test. The test level α value was taken as two-sided 0.05, P < 0.05 considered the difference
statistically signi�cant.

Results
All patients were followed up for 26–40 months, with an average of (31.18 ± 3.38) months, and no
secondary vascular and nerve damage occurred. The imaging of VCS beads on X-ray �lm gradually fades
with time and disappears after 5 to 8 weeks( Fig. 1).

The experimental group achieved the docking site's bony union 7 to 37 months after the operation, with an
average of (15.30 ± 6.32) months. Twenty-�ve cases of the docking site healed spontaneously, and two
patients were recovered after the docking site was cleaned and grafted. One point of re-fracture occurred
(located in the new bone segment and healed by plaster �xation), one case of clubfoot deformity, no skin
incarceration occurred, no infection recurrence; the average external �xation index was (2.10 ± 0.28)
months/cm. According to Paley's evaluation criteria, the bony results were excellent in 19 cases, right in 7
patients, and low in 1 case. The functional results were excellent in 16 cases, right in 9 points, and fair in 2
cases. The two patients with a docking site that did not heal naturally had poor compliance. One patient
refused to continue bone removal due to a needle infection when the bone stump approached the meeting.
After removing the external �xator, debridement of the needle path, cleaning the docking site, autogenous
bone grafting, and plaster �xation, the needle path infection was cured. The docking site healed. Another
patient had a mild mental disorder and could not perform bone removal and limb function exercises
prescribed by the doctor. The bone stump reunion was severely delayed, the docking site was conical, and
the docking site was cleared and healed after autogenous bone grafting, leaving clubfoot deformity.

The control group achieved bony union from 7 months to 24 months after the operation, with an average of
(15.29 ± 5.36) months of the bone union. Among them, 11 cases were spontaneously healed, and ten
patients were not cured naturally (6 Cases with skin incarceration) healed after debridement and bone
grafting at the docking site; 1 case of clubfoot deformity, 1 case of infection recurrence (cured after
debridement), no re-fracture cases; average external �xation index was (2.09 ± 0.25) months /cm; According
to Paley's evaluation criteria, the performance of bony results: excellent in 15 cases, right in 5 patients, and
fair in 1 case. The functional results were as follows: excellent in 12 patients, good in 8 patients, and �tting
in 1 case. There were no statistically signi�cant differences in the healing time, bony results, functional
results, and external �xation index between the two groups (P > 0.05). The experimental group's skin
incarceration rate was lower than that of the control group, and the natural healing rate was higher than that
of the control group (P < 0.05) (Table 3).

Table 3 Comparative analysis of the results of observation indicators in EG and CG groups
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Group Cases
n

Skin
incarceration
n (Yes/no)

Natural

healing

n
(Yes
/no)

 
Natural
healing
time

month

 External
�xation
index
month/cm

 
Bony
results n

(excellent
/good
/moderate
/poor)

 Functional
result n
(excellent
/good
/moderate
/poor)

EG 27  27/0 25/2 15.30±6.32 2.10 ±0.28 19/7/0/1 16/9/2/0

CG 21  15/6 11/10 15.29±5.36 2.09±0.25 15/5/1/0 12/8/1/0

t
value

- 11.043 8.155  0.006 0.185 2.087  0.001

p
value

- 0.004 0.002  0.006 0.854 0.555  0.977

Experment group(EG),Control group(CG)

Discussion
Infectious bone defects are currently commonly treated with bone transport technology to achieve good
results. However, due to the long period required for bone transport, the osteogenic activity decreases when
the bone stump meets, and the skin and soft tissue between the bone stumps are embedded. Suddenly and
other factors, some cases cannot heal naturally. Some surgeons advocate routinely cleaning and grafting
the docking site after the bone stump meets to promote the docking site healing and shorten the outer
frame's wearing time [11]. However, most infectious bone defect cases have undergone multiple operations,
local scar formation, and low soft tissue coverage. The second operation increases surgical trauma and
medical expenses and risks re-infection or skin and soft tissue necrosis. The application of axial pressure
and the "accordion" technique can stimulate bone formation to a certain extent [12–14], promoting bone
healing. However, it should be noted that for cases of skin incarceration between the bone stumps, it is not
advisable to apply stress measures such as axial compression on the docking site or "accordion"
techniques. Otherwise, the skin squeezed between the bone stumps may become necrotic and even lead to
bone exposure.

After bone removal, on the one hand, due to the bone segment's ouster, the skin and soft tissue of the bone
defect area lack support and sink, and local �brous scar tissue is generated. On the other hand, with the
sliding of the bone segments, the soft tissue is also pushed forward to a certain extent and accumulates
between the bone stumps. All of the above factors cause skin and soft tissue incarceration between the
bone stumps. In the clinical application of bone transfer, the bone stump has a higher probability of skin
and soft tissue incarceration[7, 8]. The skin and soft tissue incarceration make it di�cult for the bone stump
to achieve accurate bone contact, which adversely affects the docking site healing. In bone removal surgery,
vancomycin-loaded calcium sulfate is used to �ll the cavity formed after bone segment resection, which can
support the skin and soft tissues, and prevent the skin and soft tissues from sinking and the formation of
�brous scar tissue between the bone stumps within a certain period, thereby avoiding the skin and soft
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tissues are incarcerated between the bone stumps. In the process of bone removal, as the medical calcium
sulfate is gradually absorbed, the bone stump slowly approaches until it meets the teacher, achieving direct
bone contact with the bone stump, which is bene�cial to the natural healing of the docking site.

Our follow-up found that VCS development time on X-ray �lm is 5 to 8 weeks after surgery. Theoretically,
according to the bone moving speed of 1mm/d starting one week after surgery, a 5cm bone defect can
achieve bone stump reunion at about eight weeks after surgery. During this period,VCS can help prevent
bone stumps in the skin and soft tissue incarceration. In implanting VCS, even if the bone defect is more
signi�cant than 5 cm, there is no skin and soft tissue incarceration between the bone stumps. We speculate
that the possible reason is that after the VCS is completely degraded, the surrounding soft tissues will not
wholly occupy the potential channels formed by the VCS degradation in the short term.

Besides, we found a speci�c positive correlation between the retention time of VCS beads and the beads'
size. The larger the dots, the longer the retention time. To slow down the degradation of VCS beads, it is
essential for bone defects. For cases with longer segments, larger VCS beads should be implanted. We
make VCS into beads instead of rods. The advantage is that as the bone moves, the VCS can be pushed
forward by the bone stump without hindering the bone stump's advancement. Although the implantation of
VCS can better promote the docking site's natural healing, it is not a single factor that affects the docking
site's natural recovery. Therefore, it is necessary to prevent the in�uence of other unfavorable factors
simultaneously, such as avoiding the axial deviation of the bone segment, applying docking site
compression and stress stimulation. These adverse factors on the natural healing of docking site treatment
by bone handling technology need to be further studied.

Conclusion
Through the comparative analysis of the two groups of observation indicators, we can conclude that the
implantation of VCS in the infected bone defect area helps prevent the docking site's skin incarceration and
promote the natural healing of the docking site. However, the natural healing of a docking site is affected by
many factors, which requires further research. Besides, this study is a retrospective clinical observation, and
a rigorous large-sample prospective controlled study is still needed.

Abbreviations
CS calcium sulfate VCS vancomycin-loaded calcium sulfate
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Figure 1

A 52-year-old man with an infectious bone defect after internal �xation of a right tibial fracture underwent
bone removal and vancomycin-loaded calcium sulfate implantation. (a) X-ray before operation showed an
infectious bone defect of the tibia. (b) Postoperative X-ray �lm showed vancomycin-loaded calcium sulfate
imaging in the bone defect area. (c) X-ray �lm shows natural healing of the opposite ends in November after
the operation, and the screws at both ends are slightly bent due to compression. (d) The outer frame was
removed 14 months after the process. X-ray �lm showed bone mineralization and bone healing.


