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Abstract

In this editorial, we comment on an article by Liao et al published in the current
issue of the World Journal of Diabetes. We focus on the clinical significance of tibial
transverse transport (TTT) as an effective treatment for patients with diabetic foot
ulcers (DFU). TTT has been associated with tissue regeneration, improved blood
circulation, reduced amputation rates, and increased expression of early
angiogenic factors. Mechanistically, TTT can influence macrophage polarization
and growth factor upregulation. Despite this potential, the limitations and
conflicting results of existing studies justify the need for further research into its
optimal application and development. These clinical implications highlight the
efficacy of TTT in recalcitrant DFU and provide lasting stimuli for tissue re-
generation, and blood vessel and bone marrow improvement. Immunomodu-
lation via systemic responses contributes to its therapeutic potential. Future
studies should investigate the underlying molecular mechanisms to enhance our
understanding and the efficacy of TTT. This manuscript emphasizes the potential
of TTT in limb preservation and diabetic wound healing and suggests avenues for
preventive measures against limb amputation in diabetes and peripheral artery
disease. Here, we highlight the clinical significance of the TTT and its importance
in healing DFU to promote the use of this technique in tissue regeneration.
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Core Tip: Tibial transverse transport (TTT) operation is an effective modern-day technique of treating diabetic foot ulcers
(DFU) with a high rate of healing and limb savage compared to conventional surgery. TTT significantly improves blood
circulation, release of angiogenic factors and reduces recurrence rate of DFU.
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INTRODUCTION

Diabetes mellitus (DM) is a progressive, debilitating disorder with an increasing incidence rate worldwide. Diabetic foot
ulcers (DFU) are highly morbid complications with a 19%-34% rate of occurrence in patients with chronic DM[1]. The
mechanism of DFU formation is complex and is associated with concomitant peripheral arterial disease, triggering
neuropathy, localized infection, and foot ischemia, leading to deformities that influence weight distribution and skin
damage to the feet, typically causing deep tissue destruction[2,3]. In certain cases, this leads to the development of foot
osteomyelitis and healing failure, requiring lower limb amputation[2,4]. The rising prevalence of DM is creating a global
burden, with escalating DFU resulting in high mortality rates. Although auxiliary therapies are available, surgical
debridement and antibiotic treatment are the most common treatments[5]. Recent investigations, mainly by Chinese
surgeons, have focused on a relatively new technique, tibial transverse transport (TTT), for the treatment of diabetic foot;
this method was originally based on Ilizarov’s “tension-stress rule” and “natural rebuilding regeneration theory”[6]. This
procedure involves tissue regeneration via the proliferation of vascular endothelial cells and recanalization of microcircu-
latory blood vessels encouraged by a ceaseless and slow transfer to generate a stimulation for local tension using an
external fixator[7]. Previous studies have used traditional treatments such as the use of antibiotics, cleaning wounds with
adequate flushing, and removal of damaged tissues to treat infected wounds of diabetic feet. However, these
interventions have proven to be inadequate, failing to provide efficient treatment for preventing the infection. The use of
TTT for the healing of diabetic foot wounds has been shown to improve blood circulation in the affected limb by
accelerating the expression of the angiogenic factors in the serum which significantly diminishes the limb amputation
ratio[8]. One study proposed that TTT could be a more effective treatment in comparison to conventional surgery of the
ulcers in the infected area at the lower extremity[9]. In accordance with the retrospective study by Liao et al[10], another
interesting study by Reardon et al[11], in 2020 highlighted that TTT could significantly foster healing of diabetic foot
wound by stimulating regeneration of the blood vessels and improve circulation of blood in the leg and foot areas of the
patients[10,11]. In addition, the authors categorized diabetic feet into arterial and non-arterial stenosis groups based on
the hemodynamic characteristics observed during wound healing (Liao et al[10]), which is an important aspect of the
treatment process[10]. Nonetheless, the study has certain limitations, including being a single-center observational study
with a non-randomized patient group and having an insufficient sample size without any proper revelation of the in-
depth biological mechanisms of TTT. Elucidating the mechanisms underlying the impact of TTT is essential for
understanding how TTT could promote wound healing in DFU and for determining its efficacy. TTT has also been
reported to successfully treat primary lymphedema of the lower extremities[2]; however, there are controversial reports
on the complications associated with this technique. In conclusion, more relevant evidence is required to guide the
application and development of TTT.

MECHANISM OF ACTION FOR TIBIAL TRANSVERSE TRANSPORT THERAPY

Through the beginning of the 18" century, traction osteogenesis experiments were conducted on dog legs by Ilizarov[12]
and demonstrated regeneration of the microvascular network prior to osteogenesis in the gap between the traction area of
the injured bone[12,13]. Further research by Chinese scholars and physicians has applied this theory of tissue
regeneration and developed many modified TTT techniques for the treatment of DFU[14]. With respect to basic research,
the underlying mechanisms of TTT are complex and involve many factors[7]. Previous studies have reported that TTT
aids in lowering the inflammatory responses henceforth facilitating activation of local stem cell by promoting the
polarization of M1 macrophage inflammatory responses in distant wounds, whereas M2 macrophages are devoted to
anti-inflammatory responses and establishing tissue regeneration[15,16]. A study by Chen et al[17] showed wound
healing with improved skin stem cell regeneration when comparing tissue sections of patients before and after TTT;
sections showed a significant decrease in the M1/M2 ratio, thereby improving the polarization balance of macrophages
[17]. Interestingly, a different group showed significant increases in levels of expression for various growth factors,
including vascular endothelial growth factor, basic fibroblast growth factor, epidermal growth factor, and platelet-
derived growth factor as a repair mechanism in ulcer tissue after TTT in one study[18]. In a follow up study, the same
group reported the possible activation of the stromal cell-derived factor-1/CXC chemokine receptor 4 signaling pathway
during skin wound healing in DFU after TTT in a diabetic rat model [19].
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Figure 1 Scheme representing treatment of diabetic foot ulcers. Tibial transverse transport effectively heals the infections and promotes fresh tissue
regeneration of the wounded foot by improving blood flow due to increased neovascularization and perfusion. TTT: Tibial transverse transport; DFU: Diabetic foot
ulcer.

CLINICAL IMPLICATIONS AND FUTURE DIRECTIONS

DFU is a medically challenging concern. There are several approaches for treating DFU, including debridement, oxygen
therapy, off-loading, and skin substitutes[8]; however, these methods would require simultaneous evaluation of their
efficacy, safety, and cost-effectiveness. Compared with other therapeutic methods, the TTT technique can be used as an
effective treatment in patients with recalcitrant DFU by providing a stable activity to the bone tissue, muscles, and nerves
(Figure 1). This process is achieved via mechanical tensile to promote bone marrow as well as blood vessel regeneration
and improve the circulatory system[4,20] and immunomodulation[21,22], ultimately restoring limb perception. Moreover,
the TTT procedure may also induce systemic responses[23], including the mobilization of bone marrow-derived
mesenchymal stem cells and changes of circulating cytokines, triggered by mechanotransduction[19]. Future studies
adopting molecular mechanisms to understand the pathogenesis and management of diabetic foot treatment are required
to improve tissue regeneration and healing of diabetic ulcers. In the current issue by Liao et al[10] in 2023, the authors
unravel the progress of smooth healing of DFU and the effects of TTT in the early stages of treatment, finally reporting
improved microcirculation perfusion, blood flow volume, and velocity in patients with arterial stenosis[10]. However, as
in many other studies, this work failed to record the impact of the TTT at the later stages of treatment; future investig-
ations should consider this.

CONCLUSION

In conclusion, the use of tibial transport for limb preservation and diabetic wound healing offers new treatment options
for patients with diabetes and peripheral artery disease. Further innovative treatments and interdisciplinary research
could prevent limb amputations in current and future generations.
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