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Abstract: Objective To investigate the efficacy of the double bone flap traction-modified tibial transverse transport (TTT) in the
treatment of diabetic foot ulcers (DFU), and its impact on the ankle-brachial index (ABI), skin temperature, and Visual Analogue
Scale (VAS)score of the affected limb. Methods A retrospective selection was made of 38 DFU patients admitted to the
Department of Hand Microvascular Surgery of Dongguan People s Hospital from January 2022 to October 2024. According
to the surgical method, they were divided into three groups: Group A (n= 10, undergoing double bone flap traction modified
TTT), Group B (n=8, undergoing traditional TTT), and Group C (n= 20, undergoing conventional debridement and wound
revision). The ABI, skin temperature, and VAS score of the affected limb were compared among the three groups before
surgery, one week after surgery, and one month after surgery. The marked improvement rate after 3 months of treatment, the
healing time of small wounds, and the recurrence rate within six months after healing of small wounds were also compared.
Results After surgery, Group A showed significant short-term improvement in ABI, skin temperature, and VAS score of the
affected limb, and these parameters were significantly better than those in Groups B and C at one month postoperatively
(P<0.05). The follow-up period ranged from 6 to 15 months. During follow - up, there was a statistically significant difference in
the marked improvement rate after 3 months of treatment among Groups A, B, and C[100.0% (10/10), 75.0% (6/8), 40.0% (8/ 20),
X=10.925, P=0.004] . There was also a statistically significant difference in the healing time of small wounds among Groups A,
B,and C [ (2.9 + 0.7)months, (4.1 + 1.0)months, (4.3 + 0.8)months, /=10.035, P=0.004] . Conclusion The double bone flap
traction-modified TTT can significantly improve the microcirculation of the affected limb and shorten wound healing time, and
its efficacy is significantly superior to that of traditional TTT and conventional debridement and wound enlargement.
Keywords: Double bone flap traction; Tibial transverse transport; Diabetic foot; Distraction osteogenesis; Regeneration
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The prevalence of diabetes in China is increasing year
by year, reaching 12.4% in 2019 [1-2]. Fifteen percent of
these patients are complicated with diabetic foot, and 85%
of them present with diabetic foot ulcers (DFU) as the
initial manifestation. DFU is characterized by persistent
non-healing and high treatment difficulty, with an
amputation rate exceeding 30% [3-4]. Vascular and
neuropathic lesions below the ankle joint are the leading
causes of DFU.

Current clinical treatments for DFU still rely on
surgical interventions such as debridement, extensive
debridement, continuous negative pressure wound therapy,
and revascularization interventions. However, debridement,
extensive debridement and continuous negative pressure
wound therapy mainly target the wound surface and cannot
fundamentally improve the circulation of the affected limb,
resulting in unsatisfactory therapeutic effects [5]. Vascular
interventional therapy has obvious technical limitations in
the traditional application around the ankle joint. In
particular, the recanalization rate of blood vessels with a
diameter of less than 2 mm is low, while the restenosis rate
is high, which severely restricts its clinical application [6].

In recent years, tibial transverse transport (TTT) has
achieved satisfactory outcomes in the treatment of DFU in
China. Its core technical principle is the tension-stress law:
when biological tissues are stretched, certain tension is
generated, which can stimulate tissue regeneration and
sustained growth, thereby forming a rich capillary network
and accelerating wound healing [7-12]. TTT is mainly
indicated for Wagner grade 2-4 DFU patients without
large-vessel occlusion of the lower extremities, or those
with recanalized occlusion via interventional procedures.
With the widespread application of TTT, its limitations
have gradually emerged. After the bone fragment is
distracted and repositioned, the stimulation from periosteal
stretching ceases [13], and the promoting effect on
capillary proliferation disappears, limiting wound healing.
In addition, after the transport of large bone fragments,
complications such as necrosis of the skin edge at the
transport site and avascular necrosis of the distracted bone
fragment may occur [14].

To address the limitations of conventional TTT, our
research team has improved the bone flap design,
optimized the structure of the external fixator, and adjusted
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the bone transport mode. These modifications enable
sustained stretching stimulation of the periosteum,
maintain the driving factors for capillary regeneration, and
effectively enhance the clinical efficacy of DFU treatment.

1 Materials and Methods

1.1 General Data

A total of 38 patients with DFU and
imaging-confirmed lower extremity arterial disease,
admitted to the Department of Hand Surgery, Dongguan
People's Hospital from January 2022 to October 2024,
were enrolled in this study. Inclusion criteria: (1) Patients
with long-standing (disease duration > 3 months) Wagner
grade 3-4 DFU; (2) Lower extremity arterial occlusion, but
at least one artery below the knee extends to the ankle, or
revascularization to the ankle is achieved after
interventional therapy; (3) Clear surgical intention and
tolerance to surgery. Exclusion criteria: (1) Poor
compliance, unable to cooperate with treatment; (2) Severe
coagulation dysfunction; (3) Vascular occlusion above the
knee with no arterial branches supplying the lower leg; (4)
Severe complications of other systemic diseases, intolerant
to anesthesia and surgery. This study was approved by the
Medical Ethics Committee of Dongguan People's Hospital
(Ethics Approval No.: KYKT2021-061). All patients
provided written informed consent prior to participation.

Patients were divided into three groups according to
the surgical procedure. Group A (n=10) was treated with
dual-bone flap traction modified TTT. Group B (n=8) was
treated with conventional TTT. Group C (n=20) underwent
routine debridement and extensive debridement. There
were no statistically significant differences in gender, age,
or Wagner classification among the three groups (P>0.05),
indicating comparability between groups (Table 1).

1.2 Preoperative
Instruments

Preparation  and  Surgical

Preoperatively, color Doppler ultrasound of bilateral
lower extremity arteries and computed tomography
angiography (CTA) were performed. Blood glucose was
strictly controlled, with target levels of fasting blood
glucose < 8§ mmol/L and postprandial blood glucose < 12
mmol/L. Hypoalbuminemia and electrolyte disturbances
were corrected. The ankle-brachial index (ABI), skin
temperature of the affected limb, wound area, wound depth,
and visual analogue scale (VAS) score were measured and
recorded in all patients before surgery. The bone transport
external fixators included the Dabo tibial transport frame
(Xiamen Dabo Medical Devices Co., Ltd., Product No.:
109970200) and the modified tibial transport frame (Figure
1). Based on the standard Dabo tibial transport frame, the
modified fixator was designed with two sets of
independently rotatable buttons on the original transport
base, enabling separate distraction of two small bone
fragments.

1.3 Surgical Procedures and  Postoperative

Management

1.3.1 Group A

An approximately 5 cm curved incision was made
medially at the middle and distal tibia (about 5 cm distal to
the tibial tuberosity). The skin, subcutaneous tissue, and
fascia were incised to define the osteotomy range of the
tibia, with an osteotomy length of approximately 5 cm and
width of approximately 1.5 cm. The tibia was exposed,
with the periosteum preserved. The tibial cortex was
incised bilaterally within the planned osteotomy range to
form a mobile bone flap, which was then bisected into two
bone flaps measuring 2.5 cm X 1.5 cm. One traction pin
was inserted superiorly and inferiorly to each bone flap.
Two steel pins for the external fixator were inserted
parallelly into the proximal and distal tibia, respectively.
The external fixator was installed, followed by the
attachment of a movable transverse distractor to the
external fixator (Figure 2). Postoperative management:
Anteroposterior and lateral radiographs of the affected tibia
were obtained on postoperative day 5. Transverse
distraction of the two tibial bone windows was initiated
slowly based on the local wound condition, at a daily rate
of 1 mm divided into 6 sessions, and discontinued after 11
days. After repeated radiographs, reverse distraction of the
two tibial bone windows was performed at a daily rate of 1
mm divided into 6 sessions. After 8 days, distraction of the
superior bone flap was terminated, while the inferior bone
flap continued downward distraction for an additional 11
days. The distal tibial bone window was then repositioned.
The bone transport device was removed 5 days after bone
flap repositioning. Partial weight bearing was permitted
with the assistance of a walker. Relevant indicators were
regularly observed and recorded during the bone transport
period per the study protocol.

1.3.2 Group B

The same exposure and osteotomy techniques as
Group A were employed. However, the bone flap was not
bisected in Group B; instead, conventional single large
bone flap transport was performed, and a standard bone
transport frame was installed using the method described
for Group A. Postoperative management: Routine
postoperative care was identical to that of Group A.
Anteroposterior and lateral radiographs of the affected tibia
were obtained on postoperative day 5. Transverse
distraction of the tibial bone window was initiated slowly
based on the local wound condition, at a daily rate of 1 mm
divided into 6 sessions, and discontinued after 11 days.
After repeated radiographs, reverse distraction of the tibial
bone window was performed at a daily rate of 1 mm
divided into 6 sessions for 11 days, followed by
repositioning of the tibial bone window.
Radiographs were obtained 1 month postoperatively. The
bone transport device was removed according to bone
healing status, and partial weight bearing with a walker
was allowed, with precautions taken to prevent falls.
Relevant indicators were regularly observed and recorded
during the bone transport period per the study protocol.
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1.3.3 Group C

A lower extremity tourniquet was not used
intraoperatively to facilitate intraoperative assessment of
tissue viability. Viable tissue was preserved as much as
possible, while necrotic, infected tissue and inflammatory
granulation tissue were completely removed. Sinuses were
fully opened to ensure adequate drainage. Debridement
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depth was controlled until fresh bleeding was observed
from the wound surface. Postoperative management:
Surgical wound debridement and dressing changes were
performed every other day postoperatively. Relevant
indicators were regularly observed and recorded per the
study protocol.

A

Note: A shows the preoperative body surface localization and marking; B shows the incision design; C shows the completed installation of the bone transport frame in
accordance with the surgical procedures; D shows the operative field appearance on the 11th day of bone transport, with the two bone flaps separated from the tibia by
11 mm; E shows the X-ray film on the 11th day of bone transport, demonstrating the two bone flaps separated from the tibia by 11 mm; F shows the X-ray film after
completion of bone transport and removal of the external fixator, revealing that the proximal tibial bone flap is 3 mm higher than the distal one.

Fig.2 Improved TTT process, postoperative wound condition, and postoperative imaging finding

Tab.1 Comparison of general data among three groups

Item Group A Group B GroupC YF P
(n=10) (n=8) (n=20) value value
Gender [case
1.070 0.586
(%)]
Male 8 (80.0) 5(62.5) 16 (80.0)
Female 2(20.0) 3(37.5) 4(20.0)
Age (vears, 1103 660£112  63.9:95 1972 0.154
x5 )
Wagner Grade
[ease (%0)] 0.095 0.954
Grade 3 2 (20.0) 2(25.0) 4(20.0) ’ ’
Grade 4 8 (80.0) 6 (75.0) 16 (80.0)

1.4 Outcome Measures

(1) ABI: The systolic blood pressures of the affected

ankle and the upper arm were measured separately, and the
ABI was calculated [15-17]. (2) Affected limb skin
temperature: An infrared thermometer was used to measure
the skin temperature of the area distal to the ankle joint of
the affected limb. At least 3 sites including the toe tips were
monitored, and the average value was recorded [15-17]. (3)
VAS score: The VAS score of the affected limb was
documented based on the patient's subjective pain
perception [15-17]. (4) Marked effective rate at 3 months
post-treatment: The therapeutic efficacy was evaluated
mainly with reference to the Texas Classification [18]. A
marked effect was defined as a 2-grade reduction in lesion
severity and a reduction in ulcer area by more than
two-thirds [6]. (5) Healing time of small wounds: Healing
was defined as complete epithelization of the ulcer surface,
no obvious scar contracture or dysfunction, favorable local
blood circulation, and glossy skin. Given that wound size
and depth influence healing time, this study only recorded
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the healing time of wounds with Wagner grade 4 and an
ulcer area < 5 cm? (6) Recurrence rate within 6 months
after small wound healing: The recurrence rate within 6
months after wound healing in each group was calculated
during the follow-up period.

1.5 Statistical Methods

Statistical analysis was performed using SPSS 26.0
software. Normally distributed measurement data were
expressed as x+s. One-way analysis of variance was used
for comparisons among three groups, and the SNK-¢g test
was used for pairwise comparisons. Repeated-measures
ANOVA was applied for comparisons at multiple time
points. Enumeration data were presented as cases (%), and
the > test was used for intergroup comparisons. A
two-sided test with a significance level of o = 0.05 was
adopted.

2 Results
2.1 Comparison of ABI Among the Three Groups

There was a significant interaction effect of time and
group on ABI in the three groups (P<0.01). No statistically
significant difference in ABI was observed among the three
groups 1 day preoperatively (F=1.121, P=0.337). In Group
A, ABI was significantly improved at 1 week and 1 month
postoperatively compared with 1 day preoperatively
(P<0.05). In contrast, ABI in Groups B and C showed an
initial increase followed by a decrease, with statistically
significant differences (P<0.01) (Table 2).

2.2 Changes in Skin Temperature of the Affected
Limb

A significant interaction effect of time and group on the
skin temperature of the affected limb was detected in the three
groups (P<0.01). There was no statistically significant
difference in skin temperature among the three groups 1 day
preoperatively (F=0.580, P=0.565). At 1 week postoperatively,
the skin temperature of the affected limb in all three groups
was significantly higher than the preoperative baseline, and
that in Group B was significantly lower than in Groups A and
C (P<0.05). The skin temperature of the affected limb in
Group A remained elevated compared with the preoperative
level, with no statistically significant difference between 1
week and 1 month postoperatively (P>0.05). At 1 month
postoperatively, the skin temperature in Group C was lower
than that at 1 week postoperatively (P<0.05) and significantly
lower than that in Group A (P<0.05) (Table 3).

2.3 Comparison of VAS Scores

A significant interaction effect of time and group on
VAS scores was found in the three groups (P<0.01). No
statistically significant difference in VAS scores was noted
among the three groups 1 day preoperatively (F=0.108,
P=0.898). In Group A, VAS scores were significantly

reduced at both 1 week and 1 month postoperatively
(P<0.05). In Groups B and C, VAS scores decreased
initially but increased subsequently, with no sustained
therapeutic effect (P<0.05). At 1 month postoperatively, the
VAS score in Group A was significantly lower than those in
Groups B and C (P<0.05) (Table 4).

2.4 Comparison of Wound Healing Outcomes

There was a statistically significant difference in the
marked effective rate among the three groups at 3 months
post-treatment (P<0.01). The marked effective rate in
Group A was significantly higher than that in Group C
(P<0.05), while no statistically significant differences were
found between Group B and Groups A or C (P>0.05). The
healing time of small wounds in Group A was significantly
shorter than that in Groups B and C (P<0.05), with no
statistically significant difference between Groups B and C
(P>0.05). No statistically significant difference in the
recurrence rate within 6 months after small wound healing
was observed among the three groups (P>0.05) (Table 5).

Tab.2 Comparison of ABI among three groups before and after
surgery (x=+s)

Group 1 day before 1 week after 1 month after
surgery surgery surgery

Group A(rn=10) 0.48+0.09 0.68+0.08° 0.70+0.10°

Group B(n=8) 0.46+0.13 0.61+0.162 0.57+0.19

Group C(n=20) 0.52+0.10 0.74+0.13 % 0.54+0.13 <

F/Pgronp value 7.893/0.001

F/Pime value 144.672/<<0.001

F/Pinteraction value 2.981/0.019

Note: compared with the value at 1 day before surgery in the same group,
2P<0.05; compared with Group B, ’P<0.05; compared with the value at 1
week after surgery in the same group, °P<0.05; compared with Group A,
4p<0.05.

Tab.3 Comparison of the affected limb temperature among
three groups before and after surgery (°C, xs)

Group 1 day before 1 week after 1 month after
surgery surgery surgery

Group A(n=10) 27.00+3.09 33.50+2.472 32.90+2.432

Group B(n=8) 27.90+3.00 31.60+3.95¢2 29.00+3.50

Group C(n=20) 28.10+2.29 35.20+3.12% 30.00+4.17¢¢

F/Pgroup value 4.256/0.019

F/Ptime value 87.534/<<0.001

F/Pinteraction value 3.894/0.003

Note: compared with the value at 1 day before surgery in the same group,
2P<0.05; compared with Group B, ®P<0.05; compared with the value at 1
week after surgery in the same group, °P<0.05; compared with Group A,
4p<0.05.

Tab.4 Comparison of VAS score among three groups before

and after surgery (point, x+s)

Group 1 day before 1 week after 1 month after
surgery surgery surgery

Group A(n=10) 6.80£1.48 2.10+0.742 1.80+0.922

Group B(n=8) 7.10+1.36 3.50+0.76 2 4.10£1.732

Group C(n=20) 6.90+1.33 3.80+1.44 4.80+1.762

F/Pgroup value 5.782/0.005

F/Ptime value 213.459/<<0.001

F/Pinteraction value 4.127/0.002

Note: compared with the value at 1 day before surgery in the same group,
2P<0.05; compared with Group A, *P<0.05.
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Tab.5 Comparison of wound healing among three groups

Group Marked effective D Recurrence rate
Healing time of .
rate at 3 months within 6 months
small wounds
post-treatment (months, x"+s) after small wound
(%) ? healing (%)

Group A
(n=10) 100.0 2.9+0.7 10.0
Group B 75.0 4.1+1.0° 25.0
(n=8)
Group C " a
(1=20) 40.0 4.3+0.8 40.0
X} F value 10.925 10.035 2.994
P value 0.004 0.004 0.224

2.5 Typical Case

A 72-year-old male patient was admitted with a
1-month history of ulceration on the left foot. The
admission diagnosis was type 2 diabetes mellitus with left
diabetic foot (Wagner grade 4). The patient received
modified left tibial TTT and recovered well postoperatively
(Figure 3). Preoperative ABI of this patient was 0.51,
which increased to 0.72 at 1 week postoperatively and 0.79
at 1 month postoperatively. The preoperative skin
temperature of the affected limb was 29.5 °C, rising to
37.3 °C at 1 week postoperatively and 36.1 °C at 1 month
postoperatively. The preoperative VAS score was 5, which
decreased to 1 at both 1 week and 1 month postoperatively.

Note: A shows the preoperative ulcer of the left foot, with dry necrosis of partial toe tissue and ulceration extending to the bone; B shows the grossly visible tissue
proliferation of the plantar wound 1 week after modified TTT treatment; C shows the follow-up at 2 months postoperatively, with the hallux wound mostly closed

and only a mung bean-sized granular wound remaining on the plantar surface, without inflammatory manifestations;

D shows the follow-up at 3 months

postoperatively, with both the hallux and plantar wounds healed with scar formation, no bleeding or exudation, and the toe tip showing a reddish color with good blood
supply; E shows the preoperative lower extremity CTA, revealing an indistinct vascular network in the left foot; F shows the follow-up lower extremity CTA at 2
months postoperatively, demonstrating a significantly richer vascular network in the left foot compared with the preoperative state.

Fig.3 The process of wound healing in a DFU patient undergoing modified TTT

3 Discussion

This clinical case analysis preliminarily confirms the
feasibility and efficacy of modified TTT in the treatment of
DFU. This modified procedure exhibits significant advantages
in relieving lower extremity pain, improving peripheral
microcirculation, and  promoting  wound  healing,
demonstrating promising clinical application prospects.

The core pathological mechanism of DFU lies in
peripheral vascular disease and microcirculatory disturbance,
leading to frequently unsatisfactory outcomes with
conventional treatments. Improving lower extremity
microcirculation is the foundation for promoting DFU healing.
Currently, vascular interventional therapy is the mainstream
approach to improve lower extremity circulation, effectively
recanalizing large and medium arteries and enhancing blood
supply to the affected foot in the short term. However, it has
limitations: it fails to treat small and arterioles, and has a high
incidence of postoperative vascular restenosis or occlusion,

resulting in limited overall improvement of microcirculation.
TTT is a well-established technique for DFU treatment that
effectively improves lower extremity microcirculation.
Established in animal experiments by Professor Ilizarov in
1989, the technique was first successfully applied clinically for
the treatment of lower extremity ischemic diseases by
Professor Qu Long in 2000. In 2019, Professor Hua Qikai's
team further optimized the protocol for DFU treatment and
achieved satisfactory clinical outcomes [9].

With the widespread clinical application of TTT,
complications of the conventional procedure have gradually
emerged: a large surgical incision (usually 10-15 cm); stress
concentration on local soft tissues caused by distraction of a
single bone fragment, which predisposes to blood supply
disturbance and tissue necrosis; a long transport period
delaying ambulation; a prolonged bone fragment repositioning
time increasing the risk of iatrogenic fracture; and the loss of
sustained stretching stimulation after repositioning, which is
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unfavorable for maintaining tissue regeneration. To overcome
these shortcomings, our team carried out innovative
modifications to the TTT technique: optimizing the design of
the bone transport external fixator, dividing the single
transport bone fragment into two independent bone flaps, and
adopting an innovative distraction mode. When the two bone
flaps are repositioned toward the center, one bone flap stops
moving near the repositioning site, maintaining sustained
traction with the overlying skin and soft tissues. This strategy
facilitates persistent tension stimulation of the periosteum and
continuous promotion of capillary regeneration, providing a
sustained biological driving force for wound healing [13].

Compared with conventional TTT, dual-bone flap
traction modified TTT offers the following advantages. Firstly,
dividing the single bone fragment into two smaller flaps for
transport significantly reduces the stress area and pressure on
local skin and soft tissues, effectively lowering the risk of
compressive necrosis. Secondly, under the dual-bone flap
traction mode, one bone flap is not completely repositioned
after the transport cycle, providing sustained stimulation to the
periosteum and surrounding soft tissues. This promotes more
durable capillary neovascularization, creates a sustained
bioactive microenvironment for wound healing, and
consequently shortens the wound healing cycle.In this study,
Group A exhibited obvious short-term therapeutic effects. At 1
month postoperatively, the improvements in ABIL skin
temperature of the affected limb, and VAS pain score were
significantly superior to those in Groups B and C.

At 1 week postoperatively, the improvement in skin
temperature in Group A was inferior to that in Group C. This
may be attributed to the transient increase in local skin
temperature caused by acute inflammatory reactions following
extensive debridement in Group C. In contrast, Group A was
in the early stage of surgical trauma and initial tissue
regeneration stimulation, during which the
circulation-improving effect had not been fully manifested.
The significant decline in skin temperature in Group C at 1
month postoperatively, after the resolution of acute
inflammation, supports this inference. The marked effective
rate at 3 months post-treatment in Group A was significantly
higher than those in Groups B and C, and the healing time of
small wounds was significantly shorter. However, no
statistically significant difference was found in the recurrence
rate within 6 months after small wound healing among the
three groups. This result may be due to the limited sample size,
and further studies with larger sample sizes are warranted for
verification.

This study has several limitations. Firstly, the small
sample size may affect the stability and statistical power of the
results, with potential risks of bias. Secondly, due to
limitations in follow-up methods, some patients were followed
up via telephone and WeChat, without in-hospital revisit.

In conclusion, this study preliminarily demonstrates that
dual-bone flap traction modified TTT is an effective and
feasible approach for the treatment of DFU. Its innovative
dual-bone flap design and sustained periosteal stretching
strategy effectively reduce the complication risk of the

conventional procedure. By maintaining tension stimulation, it
more effectively promotes microcirculatory regeneration and
wound healing, particularly demonstrating outstanding
long-term  efficacy. Future multicenter, large-sample,
long-term follow-up studies will contribute to a more
comprehensive evaluation of its clinical value.
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Clinical study on double bone flap traction-modified tibial transverse transport

in the treatment of diabetic foot ulcers

LI Yinqing » YE Dongcheng, ZENG Xinming, WANG Pengcheng, YIN Zhicheng, HONG Yongchang, YUAN Zhuohui,
ZHAO Rongshan, LIANG Weijian
‘Department of Hand Microvascular Surgery , the 10th Affiliated Hospital of Southern Medical University
(Dongguan People’s Hospital ) , Dongguan, Guangdong 523000, China

Corresponding author : YE Dongcheng, E-mail : 85896984@qq.com
Abstract: Objective To investigate the efficacy of the double bone flap traction-modified tibial transverse transport
(TTT) in the treatment of diabetic foot ulcers (DFU ), and its impact on the ankle-brachial index (ABI) , skin
temperature, and Visual Analogue Scale (VAS) score of the affected limb. Methods A retrospective selection was
made of 38 DFU patients admitted to the Department of Hand Microvascular Surgery of Dongguan People’s Hospital
from January 2022 to October 2024. According to the surgical method, they were divided into three groups : Group A (n=
10, undergoing double bone flap traction modified TTT), Group B(n=8, undergoing traditional TTT), and Group C(n=
20, undergoing conventional debridement and wound revision). The ABI, skin temperature, and VAS score of the
affected limb were compared among the three groups before surgery, one week after surgery, and one month after
surgery. The marked improvement rate after 3 months of treatment, the healing time of small wounds, and the
recurrence rate within six months after healing of small wounds were also compared. Results After surgery, Group A

showed significant short-term improvement in ABI, skin temperature, and VAS score of the affected limb, and these
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parameters were significantly better than those in Groups B and C at one month postoperatively (P<0.05). The follow-up

period ranged from 6 to 15 months. During follow-up, there was a statistically significant difference in the marked
improvement rate after 3 months of treatment among Groups A, B, and C [100.0% (10/10), 75.0% (6/8), 40.0% (8/
20), x’=10.925, P=0.004]. There was also a statistically significant difference in the healing time of small wounds
among Groups A, B, and C [ (2.9+0.7) months, (4.1+1.0) months, (4.3 +0.8) months, F=10.035, P=0.004].

Conclusion The double bone flap traction-modified TTT can significantly improve the microcirculation of the affected

limb and shorten wound healing time, and its efficacy is significantly superior to that of traditional TTT and

conventional debridement and wound enlargement.

Keywords:Double bone flap traction; Tibial transverse transport; Diabetic foot; Distraction osteogenesis; Regeneration

Fund program: Dongguan Social Development Technology Project General Project (20211800903452)
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Tab.1 Comparison of general data among three groups

WiH A41(n=10) BH(=8) CA(n=20) x/F{i P{i
M (%) ]

L 8(80.0)  5(62.5) 16(80.0)

g 2(20.0) 3(37.5)  4(20.0) 1.070°0.586
RS (%, Ts) 71.1£73 66.0£11.2 63.9+9.5 1.972 0.154
Wagner 73+4% [ 141 (%) |

3% 2(20.0)  2(25.0)  4(20.0)

44 8(80.0)  6(75.0) 16(80.0) 00950954
12 RATEELFREMW REr5EE U Bk

i CT M58 1% (computed tomography angiography,
CTAKGAT , s MU, FRREC 23 IR ITE<S mmol/L,
5 M <12 mmol/L, 24 1EAR & 1 I AE M2 L A L 25
Hilo AHT T AT R X I R0 S R R T R A
(ankle brachial index, ABI) i & A/ 1 i #2421 1
W Nt BRI 4 (visual analogue scale,
VAS) o B A S I 72 28 4 5 R 1 #ik # S 20
(BT R BT 4 B, 7 it 25 109970200) DA K B
RJE MR B A8 S (1B 1) it B DA R TR B i
B SCHR N BE G, TE A AR e b AT R R, B3t
AT 43 90 A ST A B £ R 2L R AL 3 AR AR
PR 2V B
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Fig.1 Improved design and finished product of bone mover seat
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Fig.2 Improved TTT process, postoperative wound condition, and postoperative imaging findings
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2.1 ZABIk#& =HFRAG L HRN B E
(P<0.01), AHFi1d=41ABIi %R LG i¥5E X
(F=1.121,P=0.337) . AHTEARIG 1 EAE14H
R B, SR d R, 2R EGIEE X (P<
0.05) 11 B2}z C TR R, 27 A Gt 2#m L
(P<0.01), WLF2,

22 BHAKRBATA ZHATREIELEIN
F(P<0.01), ARHi1d=4IREER LG ITHE X
(F=0.580, P=0.565) . ARJ5 1 J8, =4 B AR IR
P e TR, H B4 W FMET A4 R C4(pP<
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BRI E L (P>0.05). RJF14MH CH®
RJF 1 JEA B AL (P<0.05) , H & 3% T A 4 (P<
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23 VAS#ES & ZHFRATE L ERN B F
(P<0.01), ARFi1d=4 VASIEH £ F LG #E
X (F=0.108, P=0.898) . AZHAEAJG 1 & KXAJG 14
H 1 5B AR (P<0.05) , i B 41 K% C 434 515 5 7,
BORARERESE , 2R A G4 L (P<0.05) . fERG
I AR EMNT B4 CAl, EZRAGIEE X
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24 AlE@AEAHELRE =4HIBIF 3N HAE B
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®2 CHPAANE ABI AL (vxs)
Tab.2 Comparison of ABI among three groups before and
after surgery  (xs)

4151 AAi1d N AJF14A
A41(n=10) 0.48+0.09 0.68+0.08* 0.70+0.10°
B41(n=8) 0.4620.13 0.6120.16" 0.57+0.19
C41(n=20) 0.5220.10 0.7420.13" 0.54+0.13
F ol P {HL 7.893/0.001

F oy P 144.672/<0.001

F ozl P 2.981/0.019

S EAIRET 1 d B, °P<0.05; 5 B4 H4L,"P<0.05; 5 ]
ARG 1R e, P<0.05 ;5 A 41 b4, 'P<0.05 .

®3 HTAREE BB LR (C, xas)
Tab.3 Comparison of the affected limb temperature among
three groups before and after surgery (°C, xs)

il AR 1d ARJ5 1 AJF14A

A (n=10) 27.0023.09 33.50+2.47° 32.9042.43"
B4 (n=8) 27.90+3.00 31.60+3.95" 29.0023.50

C4H(n=20) 28.10+2.29 35.2043.12%  30.00+4.17*
F ol P L 4.256/0.019

F sl P oL 87.534/<0.001

FoenlPouf 3.894/0.003

0 SR AR 1 d HLE, ' P<0.05; 5 B IL#L , "P<0.05; 5 A 4
ARJG 1, P<0.05; 5 A 41 Eb4s,'P<0.05 .

®4 CHTAREG VASTEILLE (4, xxs)
Tab.4 Comparison of VAS score among three groups before

and after surgery (point, xs)

2151 ARAi1d RJF 1 ARG 14H
A4l(n=10) 6.80+1.48 2.1020.74" 1.800.92°
B4 (n=8) 7.101.36 3.5020.76" 4.10£1.73°
C41(n=20) 6.90+1.33 3.80+1.44" 4.80+1.76"
F ol P i 5.782/0.005

F gl P 213.459/<0.001

Foeu/P s {8 4.127/0.002

T SRR 1 dIFHEER, P<0.05 5 5 A 41 4, "P<0.05
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Tab.5 Comparison of wound healing among three groups

a0 «ﬁﬁ; 3MAE /J?ﬁ'J ﬁ%@ﬂa‘ /M E&:@Jﬁ
BRCE(%) ] (H , xs) R (%)

A (n=10) 100.0 2.9+0.7 10.0

B4 (n=8) 75.0 4.1£1.0" 25.0

C#4(n=20) 40.0" 4.3%0.8* 40.0

X/FAE 10.925 10.035 2.994

PAE 0.004 0.004 0.224

5 A, P<0.05,
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Fig.3 The process of wound healing in a DFU patient undergoing modified TTT
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