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Abstract

Background. Diabetic foot ulcers (DFUs) represent one of the most severe late-stage complications of dia-
betes. Tibial cortex transverse transport (TTT) surgery stands as the prevailing method for addressing DFUs.
This surgical intervention holds the promise of expediting DFU wound healing and diminishing the rate
of amputations, with the mitigation of inflammatory responses playing a pivotal role. In this study, we aim
to explore the correlation between inflammation and TTT surgery, with the overarching goal of facilitating
swift prognostic assessments in clinical practice.

Objectives. The correlation between the severity of DFUs and clinical test results remains ambiguous.
A clinical prediction model was devised to explore the connection between DFU severity and the efficacy
of TTT surgery, utilizing straightforward and efficient clinical indicators.

Materials and methods. Clinical data and examination results were gathered by tracking hospitalized DFU
patients who underwent TTT surgery at the First Affiliated Hospital of Guangxi Medical University (Nanning,
(hina). Indicators associated with DFU severity and wound healing time post-surgery were identified through
logistic regression and least absolute shrinkage and selection operator (LASSO) regression analyses. Sub-
sequently, a clinical prediction model was constructed. Finally, the intersection of these 2 sets of indicators
revealed factors correlated with wound severity and post-operative healing duration.

Results. Our study was comprised of 202 patients who were categorized into 2 groups based on Wagner's
grading classifications. Utilizing Student’s t-tests, LASSO regression and logistic regression analyses, we iden-
tified 3 factors indicative of DFU severity: platelet-to-lymphocyte ratio (PLR), mixed lymphocyte reaction
(MLR) and hemoglobin (HGB). Univariate COX regression analysis revealed 12 factors such as: white blood cells
(WBC), neutrophils (NEUT), monocytes (MO), PLR, MLR, neutrophil-to-lymphocyte ratio (NLR), erythrocyte
sedimentation rate (ESR), age, lymphocytes (LY), monocyte-to-neutrophil ratio (MNR), uric acid (UA), and
albumin (ALB) associated with the postoperative healing duration. Ultimately, we identified 2 factors, PLR
and MNR, at the intersection of these 2 datasets.

Conclusions. Platelet-to-lymphocyte ratio and MNR were identified as factors associated with both the se-
verity of DFUs and the prognosis following TTT surgery.

Key words: platelet-to-lymphocyte ratio, diabetic foot ulcer, prognostic analysis, TTT surgery, monocyte-
to-neutrophil ratio
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Background

Diabetic foot ulcers (DFUs) are a severe late complica-
tion of diabetes and a public health problem.! Presently,
the global morbidity of DFUs is about 6.3%.2 Moreover, pa-
tients with DFU have a higher amputation rate and mortal-
ity. Around 1/4 of diabetic patients develop a DFU in their
lifetime.? Many factors contribute to the occurrence and
development of a DFU. Improper management of blood
glucose levels, longer duration of diabetes, insulin use, foot
ischemia, and ulcers have been proven to be important risk
factors leading to foot ulcers,* and among these factors,
infection plays an extremely important role.

The pathologic mechanism of DFUs is not completely
understood. However, the role of the inflammatory response
cannot be ignored in DFUs. The inflammatory stage is an im-
portant process in wound healing, which can directly affect
the normal healing of the wound. However, a prolonged
presence of inflammation is often cited as the primary rea-
son for the failure of diabetic foot wounds to heal. Some
studies have shown that chronic inflammation is associ-
ated with the pathogenesis of diabetes and the development
of its complications.® In the past, clinical doctors have used
simple laboratory tests to determine inflammation within
the patient’s body, such as white blood cell (WBC) count,
erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP). However, these test results cannot be analyzed
separately and must be combined with others. Recent stud-
ies have demonstrated that alterations in the composition
of circulating leukocytes serve as a more effective indicator
of inflammation, enabling a swift and accurate determina-
tion of the inflammatory status in patients.>”

The platelet-to-lymphocyte ratio (PLR) and monocyte-
to-neutrophil ratio (MNR) are novel systemic inflamma-
tory response markers that reflect the inflammatory status.
Several studies have investigated these markers because
they are easily determined from the peripheral blood.

The tibial cortex transverse transport (TTT) surgery
is a novel and significantly effective surgery to treat DFUs.?
It was developed based on Ilizarov technology. Qu et al. first
reported the successful treatment of thromboangiitis obliter-
ans (TAO) using TTT surgery.’ Chen etal. firstused TTT sur-
gery to treat DFUs, achieving a good wound healing rate and
limb salvage rate.® Yang et al. pointed out that TTT surgery
can not only promote wound healing by enhancing vascular
regeneration but also enhance wound immunity.!® The im-
mune system of the affected person determines the inflam-
matory state of the body. However, the correlation between
DFUsafter TTT surgeryand PLR and MNR was not reported.

Objectives

To our knowledge, no research on predicting the progno-
sis of patients undergoing TTT surgery has been published.
This study aimed to assess the correlation between PLR
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and MNR levels and the severity of DFUs. Additionally,
we investigated the association between PLR, MNR and
the prognosis of DFUs following TTT surgery.

Materials and methods
TTT surgery

The surgical procedure was conducted following
the methodology outlined in a previous study,® and de-
tailed research procedures are provided in Fig. 1.

The patients included in the study were diagnosed with
diabetes based on the American Diabetes Association (ADA)
criterial! They were at least 18 years old and had 1 or more
non-healing ulcers below the ankle for 6 months or more.
All patients had previously undergone TTT surgery. They
were excluded if they suffered from severe pulmonary, uri-
nary tract, a systemic infection, or from severe dysfunction
of the heart, lung, kidney, brain, or other organs. The partici-
pants were also excluded if they had used anticoagulation,
antiplatelet, antibiotics, or other drugs known to affect the ex-
amination results in the previous months. In addition, patients
were excluded if their clinical data were incomplete or if they
had undergone amputation surgery or a repeat TTT surgery.

The research process is clearly shown in Fig. 1, including
2 main aspects of the research. First, based on the Wagner’s
grading of the selected patients, they were divided into
2 groups (Wagner’s 2—-3 and Wagner’s 4). By comparing
the differences in baseline data between the 2 groups, dif-
ferential factors were obtained (Table 1). In order to identify
differential factors related to the severity of DFU patients,
least absolute shrinkage and selection operator (LASSO)
and logistic regression analysis were employed. These
factors are referred to as severity factors (SFs). Second,
Cox regression analysis was used to analyze patients after
TTT surgery and identify factors related to wound healing.
We refer to these factors as TTT-prognosis-related factors
(TTT-PFs). By intersecting these 2 datasets, factors that are
both related to wound severity and can predict the prog-
nosis after TTT surgery were obtained (TTT-SFs and PFs).

After the above screening, 202 DFU patients were in-
cluded in the study from July 2016 to July 2021. These
patients were divided into 2 groups based on the Wagner’s
grading stages. Their clinical data, such as age, sex and
inspection results, are presented in Table 1. All the patients
were followed up for at least 1 year.

Statistical analyses

Student’s t-test was used to compare the means of the con-
tinuous variables between 2 groups and a one-way analysis
of variance (ANOVA) test compared 3 or more groups. Lo-
gistic regression analysis screened for correlations between
the variables. The Box-Tidwell test, variance influence factor
(VIF) and Cook’s distances were used to test the accuracy
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Table 1. Baseline of patients based on Wagner's grade 2/3 (n = 135) and 4 (n = 67). The ¥’ test was used to test for gender differences. Student’s t-test was
used to compare the means of the continuous variables between 2 groups

Wagner’s 2/3 Wagner's 4 Overall
Factors (n=135) (n=67) (n=202)
(n/M £SD) (n/M £SD) (n/M £SD)
Sex female 34 11 45 1.988 0.159
male 101 56 157 - -

Age 62.40 +£9.68 61.12 £9.07 61.98 £9.48 0.904 0.367
BMI 24.03 £3.15 24.80 £2.99 24.28 £3.11 1.658 0.099
WBC 942 +£3.34 1520 £7.10 1133 561 6.322 <0.001*
PLT 390.55 £150.47 380.64 £123.24 387.26 £141.79 0499 0.618
NEUT 6.43 £3.01 12.66 +£6.77 849 £5.46 7.184 <0.001*
Ly 1.91 £0.64 1.34+0.53 1.72+£0.69 6.730 <0.001*
MO 0.75 +£0.29 1.00 £0.50 0.83+0.39 3.850 <0.001*
PLR 229.86 £125.96 31894 +£132.08 25941 £134.44 4.582 <0.001*
MLR 043 £0.21 0.84 £0.44 0.56 +0.36 7.278 <0.001*
MNR 0.13 £0.06 0.08 £0.03 0.12 £0.06 7438 <0.001*
NLR 3.74 £2.27 11.13 £7.09 6.19 £5.67 8.320 <0.001*
HGB 104.8 £20.51 94.93 £25.95 101.04 £22.81 2726 0.007*
CR 100.84 £101.73 181.62 £247.46 127.63 £168.70 2567 0.012*
UA 327.27 £109.08 31144 £157.08 322,02 £126.84 0.741 0461
CCR 70.77 £27.92 63.93 £31.12 68.50 £30.20 1.422 0.158
ALB 33.81 £5.83 30.53 £6.21 3272 £6.16 3.686 <0.001*
ESR 70.2 £30.38 89.63 £34.16 76.52 £32.92 4.142 <0.001*
TC 4.27 £133 4.50+2.27 4.34£1.70 0.756 0452
TG 1.53+£0.93 1.68 +1.03 1.58 £0.97 1.060 0.291
HDL 0.90 +0.31 0.89 £0.46 0.90 £0.36 0214 0.831
LDL 262 £1.04 2.75£1.60 2.66 +1.25 0.582 0.562

Shapiro-Wilk test was used to test the normality of data; F-test was used to test the variance of 2 sets of data; *p < 0.05; BMI - body mass index;

SD - standard deviation; WBC — white blood cells; PLT - platelets; NEUT — neutrophils; LY — lymphocytes; MO — monocytes; PLR - platelet-to-lymphocyte
ratio; MLR —mixed lymphocyte reaction; MNR — monocyte-to-neutrophil ratio; NLR — neutrophil-to-lymphocyte ratio; HGB — hemoglobin; CR - creatinine;
UA — uric acid; CCR - creatinine reduction ratio; ALB — albumin; ESR - erythrocyte sedimentation rate; TC — total cholesterol; TG — thyroglobulin; HDL - high-

density lipoprotein, LDL — low-density lipoprotein.

of the logistic regression model. Nagelkerke’s R? was used
to evaluate the goodness of fit in logistic regression analysis
and to evaluate the interpretability of classification mod-
els. The “Lars” package of the R software (R Foundation for
Statistical Computing, Vienna, Austria) was employed for
the LASSO regression analysis and visualization. The “pROC”
package computed the receiver operating characteristic (ROC)
curves to assess the accuracy of the factors and nomogram.'?
A univariate Cox regression analysis was conducted to iden-
tify prognostic factors. The proportional risk hypothesis,
logarithmic risk function and linear relationships between
predictive factors were identified using Schoenfeld residuals.
The goodness offit of the Cox regression model was evaluated
using the concordance index (C-Index). The survival pack-
age was used to perform a predictive analysis. In the absence
of further specification, statistical significance was defined
as a 2-sided probability value less than 0.05. The IBM SPSS
v. 26 (IBM Corp., Armonk, USA) and R. 4.1.0 were employed
in separate instances.

Results

PLR, MNR and HGB are associated with
the severity of DFUs

Significant difference analyses were identified for
12 factors between the 2 groups (Table 1). The ROC
curves indicated good accuracy of every factor (Fig. 2A,B).
After the LASSO and logistic regression analysis, which
identified 7 factors (LY, PLR, MLR, MNR, NLR, HGB,
and CR) and 3 factors (PLR, MNR and HGB), respec-
tively, by taking the intersection of the 2 sets, 3 factors
factors (PLR, MNR and HGB) were identified as SFs
(Table 2, Fig. 2C—F). Additionally, a nomogram was es-
tablished based on these factors to describe DFU severity
(Fig. 3A—C). Moreover, the ROC curve was determined
to be accurate (Fig. 3B).



552

S.Yang et al. Platelet-to-lymphocyte ratio and MNR correlate with TTT outcomes

=)

1
screen

202 DFU patients

Severity grouping

Wagner 2

el W Wagner 4 group

Difference analysis

12 difference factors

Logistic regression

Lasso regression .
9 analysis

7 factors 3 factors

Nomogram severity factors (SFs)

post TTT surgery
prognosis analysis

TTT-prognosis related factors
(TTT-PFs)

Wagner 2 group
Wagner 3 group
Wagner 4 group

prognosis analysis

COX regression analysis

Nomogram

High- and low TTT-S&PFs prognosis analysis

correlation analysis

Fig. 1. Research process of this study. This study is mainly divided into 3 parts, all based on 202 diabetic foot ulcer (DFU) patients who underwent tibial
cortex transverse transport (TTT) surgery. Through differential analysis and correlation analysis of the patients, TTT-S and PFs were identified, and a survival

analysis of wound healing in patients was conducted

TTT-S and PFs — TTT-severity and prognosis related factors.

Table 2. Binary logistic regression analysis based on 11 factors

Factors Wald (0] 2 95% Cl up
low

WBC 0.907 0.341 0.528 0.142 1.963
NEUT 0.592 0.442 1.752 0420 7313
MO 0.204 0.652 4.300 0.008 2,423.260
PLR 7.254 0.007* 0.856 0.745 0.928
MLR 1.753 0.185 107.882 0.106 110,233.896
MNR 4.581 0.032% 0.032 0.015 0.079
NLR 0.251 0.616 1.147 0.671 1.959
HGB 6.455 0.011* 0.903 0.824 0.997
CR 0.265 0.607 1.008 0.971 1.128
ALB 0.007 0.932 0.987 0.905 1.174
ESR 0.097 0.756 0.995 0.953 1.083

*p < 0.05. WBC — white blood cells; PLT — platelets; NEUT — neutrophils;

LY - lymphocytes; MO — monocytes; PLR - platelet-to-lymphocyte ratio;
MLR —-mixed lymphocyte reaction; MNR — monocyte-to-neutrophil ratio;
NLR - neutrophil-to-lymphocyte ratio; HGB — hemoglobin; CR - creatinine;
UA - uric acid; CCR - creatinine reduction ratio; ALB — albumin;

ESR - erythrocyte sedimentation rate; TC - total cholesterol;

TG - thyroglobulin; HDL - high-density lipoprotein, LDL — low-density
lipoprotein; 95% Cl — 95% confidence interval; OR — odds ratio.

Nomogram for prognosis-related factors
for DFU patients

Univariate Cox regression analysis identified 12 TTT-
PFs related to wound healing in DFU patients after TTT
surgery (Fig. 4A). Among them, 7 factors (WBC, NEUT,
MO, PLR, MLR, NLR, and ESR) negatively affected the re-
covery of DFUs. Conversely, 5 factors (age, LY, MNR, UA,
and ALB) predicted a better prognosis for DFUs (Fig. 4A).
The prediction nomogram was established from these
12 factors (Fig. 4B)

By taking the intersection of SFs and TTT-PFs, 2 fac-
tors (PLR and MNR) were considered to be TTT-S and
PFs (Fig. 4C) and the nomogram was accurately predicted
(Fig. 4D).

Prognostic analysis

Patients were separated into 3 groups based on the Wag-
ner’s grading (Fig. 5A). The prognosis analysis results showed
that patients with a Wagner’s grade 4 ulcer had a lower heal-
ing rate and took a longer time to heal. In contrast, patients
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Fig. 2. Identification of SFs. A,B. ROC curves of the 12 differential factors; C. Least absolute shrinkage and selection operator (LASSO) coefficient profiles
of the 7 characteristics; D. 1000-fold cross-validation was used to generate the optimal penalty parameter lambda; E. Identification of SF Venn diagrams.
After LASSO and logistic regression analysis of the 12 differential factors, 3 SFs were discerned, identifying the point of intersection; F. ROC curves for the 3 SFs

SFs — severity factors; ROC curve — receiver operating characteristic curve; AUC — area under the ROC curve; WBC — white blood cells; PLT - platelets;
NEUT — neutrophils; LY — lymphocytes; MO — monocytes; PLR — platelet-to-lymphocyte ratio; MLR —mixed lymphocyte reaction; MNR — monocyte-to-
neutrophil ratio; NLR — neutrophil-to-lymphocyte ratio; HGB — hemoglobin; CR — creatinine; UA — uric acid; CCR — creatinine reduction ratio; ALB — albumin;

ESR — erythrocyte sedimentation rate.

with Wagner’s grades 2 and 3 exhibited a higher healing
rate and a shorter healing time (Fig. 5A). When we divided
patients into high- and low-groups based on the optimal
cutoff values for PLR and MNR values, their survival anal-
ysis results showed different outcomes. The high-MNR
group had a higher healing rate and shorter healing time
(Fig. 5B). In contrast, the PLR group exhibited the opposite
trend (Fig. 5C). When analyzing the PLR and MNR values
of patients with different Wagner’s grades, we found that
as the Wagner’s grade increased, the MNR values tended
to decrease (Fig. 6A). However, the PLR values exhibited
the opposite trend (Fig. 6B). In other words, the PLR in-
creased, and the MNR decreased as the Wagner’s grade in-
creased. Correlation analysis also showed that PLR was neg-
atively related to MNR (R = —0.44; p = 3.5e-11 (Fig. 6C,D).

Discussion

Diabetes is a major chronic disease, with the number
of affected individuals continuously growing. In 2015,

it reached 450 million.!>!* Diabetic foot ulcers are a sig-
nificant complication of diabetes, affecting about 25%
of people with diabetes.?!> Diabetic foot ulcers are mainly
associated with peripheral neuropathy and lower extrem-
ity arterial disease.!® However, despite extensive research,
the precise mechanism of DFUs remains unclear. Diabetes
causes systemic effects on the patient’s immune function
and alters the state of inflammation. Diabetic foot ulcers
are prone to co-infection, which can lead to complications
such as gangrene, osteomyelitis and the progression to se-
vere DFUs. Patients with DFUs have a higher mortality
and amputation rate than the general diabetic population.

Treatment of DFUs, especially severe DFUs, is a world-
wide challenge. Conventional surgical treatment includes
debridement and revascularization. These treatments help
avoid amputations in some patients and heal the ulcer. How-
ever, the rate of recurrence remains high.!® Tibial cortex
transverse transport surgery is effective for treating severe
and recalcitrant DFUs. Tibial cortex transverse transport
surgery has been shown to result in a higher rate of wound
healing and limb salvage, as well as a lower recurrence rate.
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Fig. 3. Establishing a nomogram based on SFs. A. The nomogram is used to identify the severity of DFUs; B. ROC curve of the nomogram; C. Calibration

curves for predicting DFU severity

SFs — severity factors; ROC curve — receiver operating characteristic curve; DFU — diabetic foot ulcer; AUC — area under the ROC curve; PLR - platelet-to-

lymphocyte ratio; HGB — hemoglobin.

This surgical approach has also been shown to enhance
angiogenesis and immunomodulation in patients.'”

In this study, we proposed the concept of TTT-S and PFs
for the first time, which had not been explored in previous
research. Our study identified 2 TTT-S and PFs, PLR and
MNR, which were correlated with the Wagner’s grading
of DFUs. Additionally, these factors predicted the progno-
sis of DFU patients treated with TTT surgery. Platelet-to-
lymphocyte ratio is an inflammatory index that has been

linked to both the diagnosis and prognosis of diabetes.1”-2°
In the present study, PLR showed a positive correlation
with the severity of the DFU, as indicated by the Wagner’s
DFU grading system. These findings are consistent with
previous research, indicating the reliability of our results.
At the same time, PLR was associated with the progno-
sis of wound healing in DFU patients treated with TTT
surgery. A higher PLR predicted a longer time to heal af-
ter TTT surgery. This correlation has not been reported



Adv Clin Exp Med. 2025;34(4):549-559

555

Fig. 4. Identification of TTT-S and PFs and establishment of a nomogram related to wound healing after tibial cortex transverse transport (TTT) surgery.
A. Univariate Cox regression analysis identified TTT-PFs; B. Nomogram established based on TTT-PFs; C. Venn diagram shows the intersection of severity
factors (SFs) and TTT-PFs to derive TTT-S and PFs; D. Calibration curves for predicting the possibility of 4-month non-healing after TTT surgery based

on the nomogram

TTT-PFs — wound prognosis relative factors post TTT surgery; AGE — advanced glycation end products; WBC — white blood cells; PLT - platelets;
NEUT - neutrophils; LY — lymphocytes; MO — monocytes; PLR - platelet-to-lymphocyte ratio; MLR —mixed lymphocyte reaction; MNR — monocyte-to-
neutrophil ratio; NLR — neutrophil-to-lymphocyte ratio; HGB — hemoglobin; CR - creatinine; UA — uric acid; CCR - creatinine reduction ratio; ALB — albumin;

ESR - erythrocyte sedimentation rate.

earlier. Therefore, PLR can serve as a simple clinical index
for predicting the time required for wound healing after
TTT surgery.

Diabetes creates a chronic inflammatory state in pa-
tients. Therefore, detecting inflammation indicators can
provide insights into the severity of diabetes and the as-
sociated risk of complications.?!~23 One of the main causes
of a DFU is linked to peripheral arterial disease (PAD).2%25
Patients with DFUs and PAD are at higher risk of expe-
riencing unhealed wounds, requiring amputations and
facing increased mortality rates.?®?” Additionally, PAD
serves as a predictive factor for the risk of amputation
in DFU patients.?® Previous studies have reported the as-
sociation between increased PLR and critical limb isch-
emia (CLI) and PAD.? Chronic inflammation over a long
period impairs immune function and reduces the number
of lymphocytes. Chronic inflammation over a long period
leads to an elevation in platelets and inflammatory fac-
tors. This process damages the vascular endothelium and

contributes to the development of atherosclerosis, which
is the pathological basis for the further PAD formation.3°

The MNR is a ratio of peripheral blood cells and serves
as a novel indicator reflecting the level of inflammation.
Related studies have demonstrated that MNR repre-
sents a combination of thrombosis and inflammation.?!
The current study revealed that monocytes and neutro-
phils negatively impact healing in DFU patients treated
with TTT surgery, whereas MNR exhibits the opposite
effect. However, these findings are not contradictory.
Monocytes are the primary cells of innate immunity and
play a central role in initiating and resolving inflammatory
responses to pathogens. Several studies have shown that
monocytes are functionally impaired in diabetic patients,
with reduced anti-inflammatory capacity and immune dif-
ferentiation.?3* Monocytes maintain a balance between
pro-inflammatory and anti-inflammatory responses. In-
flammatory development is stronger in the early stages
of wound healing when the M1 phenotype dominates
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Fig. 5. Kaplan-Meier curve analysis for wound prognosis. A. Prognostic analysis of wound healing in diabetic foot ulcer (DFU) patients with the Wagner's
grades 2/3 group and Wagner's 4 group after tibial cortex transverse transport (TTT) surgery (x> = 96.207); B. Prognostic analysis of wound healing in DFU
patients with high- and low-monocyte-to-neutrophil ratios (MNRs) after TTT surgery (x* = 74.918); C. Prognostic analysis of wound healing in DFU patients
with high- and low-platelet-to-lymphocyte ratios (PLRs) after TTT surgery (x* = 65.214)

monocytes. In the later stages of wound healing, the state
of inflammation decreases, and the M2 phenotype pre-
dominates. Diabetic foot ulcers are persistent non-healing
wounds in a state of chronic inflammation, with a pre-
dominant M1 phenotype for the mononuclear cells. These
wounds have been in the early stages of healing for a long
time, with an increased number of mononuclear cells and
delayed healing. Elevated WBC counts in patients with
impaired glucose tolerance increase the neutrophils.3*3°
The neutrophil elevation is more pronounced in DFU
patients with co-infection, suggesting a significant in-
flammatory response. The MNR increases as inflamma-
tion decreases during wound healing. The observation
is consistent with the present finding. This study also
observed reduced MNR in patients with high Wagner’s
grades. The possible reason could be a greater severity
of wound infections and higher levels of inflammation
in these patients. Therefore, the detection of these inflam-
matory indicators can provide us with some strategies for
the early prediction of wound healing after TTT surgery.

It is evident that certain baseline data (such as gender,
age and body mass index (BMI)) in this study do not show
significant differences across different Wagner’s grades.

While some studies indicate an association between base-
line data and the severity of DFUs, others present conflict-
ing findings.?¢3” Thus, there remains controversy regarding
the relationship between gender, age, BMI, and the severity
of DFUs, necessitating further research for deeper explora-
tion. Additionally, in the context of blood tests, the focus
primarily lies on immune-related cells correlating with
the Wagner’s classification of DFUs, aligning precisely with
the pathophysiological processes of DFUs. Furthermore,
certain inflammatory markers, such as ESR, also correlate
with DFUs. It is evident that the healing of DFUs is a highly
complex process. Hence, the mere elevation or reduction
of a single indicator cannot entirely predict the healing
of DFUs. Therefore, a comprehensive analysis of various
indicators is crucial for predicting the healing of DFUs.
Our research findings precisely support this viewpoint,
highlighting the urgency of further refining comprehen-
sive indicators for predicting DFU healing.

Limitations

This study has several limitations that should be ac-
knowledged. First, there may be some information bias
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Fig. 6. Correlation analysis between platelet-to-lymphocyte ratio (PLR) and monocyte-to-neutrophil ratio (MNR). A. Comparison of MNR values in patients
with different Wagner's grades. The MNR value decreased as the Wagner's level increased; B. Comparison of PLR values in patients with different Wagner's
grades. The PLR value increased as the Wagner's level increased; C,D. Correlation analysis of the PLR and MNR (Spearman’s analysis)

because it is a retrospective study. Additionally, the study
only analyzed a limited number of influencing factors.
It did not examine all indicators associated with DFU se-
verity and healing after receiving TTT surgery for DFUs.
Furthermore, although the ROC curve showed good accu-
racy, the developed nomogram model was not sufficient
for use in clinical practice. Follow-up studies are needed
to refine the diagnostic model. Therefore, a multicenter
and more extensive cohort study is required. In the fu-
ture, the model can be updated for better accuracy and
improved prediction to help guide the treatment of DFUs.

Conclusions

The present study provides a comprehensive summary
of the risk factors associated with the severity of DFUs and
their prognosis. Platelet-to-lymphocyte ratioand MNR are
critical predictors of DFU severity and prognosis after TTT
surgery. The results of this study can guide risk stratifi-
cation and inform preoperative prevention strategies for
DFU patients. Additionally, they can contribute to a better
prognosis for patients undergoing TTT surgery.
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Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zen0d0.10952319. The package includes
the following files:

Supplementary Fig. 1. A scatter plot illustrating the Cook’s
distance based on a binary logistic regression analysis estab-
lished from 202 samples. Each point represents the Cook’s
distance for a sample When the Cook’s distance is greater
than 1, it indicates an extreme outlier, which should be
excluded from the model.

Supplementary Fig. 2. The Schoenfeld residuals of 12 mod-
elsin a univariate Cox regression analysis. It is evident that
the residuals of all models show no trend over time, indi-
cating that the professional hazards assessment of the Cox
regression is valid.

Supplementary Table 1. Box—Sidewell test for validation
linear relationship between predictors and the logit of the re-
sponse variable.

Supplementary Table 2. VIF and tolerance are used
to analyze the collinearity of logistic regression analysis
models. Setting tolerance greater than 0.1 and VIF less
than 5 is considered a perfect result.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.

Consent for publication

Not applicable.

ORCID iDs
Sijie Yang
Hongjie Su
Jun Hou

https://orcid.org/0000-0002-4856-8717
https://orcid.org/0000-0001-7685-6970
https://orcid.org/0009-0001-4437-9580

References

1. ApelqvistJ. Diagnostics and treatment of the diabetic foot. Endocrine.
2012;41(3):384-397. d0i:10.1007/512020-012-9619-x

2. ZhangP, LuJ,JingY,Tang S, Zhu D, Bi Y. Global epidemiology of dia-
betic foot ulceration: A systematic review and meta-analysis. Ann Med.
2017;49(2):106-116. doi:10.1080/07853890.2016.1231932

3. lbrahim A. IDF Clinical Practice Recommendation on the Diabetic
Foot: A guide for healthcare professionals. Diabetes Res Clin Pract.
2017;127:285-287. d0i:10.1016/j.diabres.2017.04.013

4. HuY, Bakhotmah BA, Alzahrani OH, Wang D, Hu FB, Alzahrani HA.
Predictors of diabetes foot complications among patients with dia-
betes in Saudi Arabia. Diabetes Res Clin Pract. 2014;106(2):286-294.
doi:10.1016/j.diabres.2014.07.016

5. Verdoia M, Schaffer A, Barbieri L, et al. Impact of diabetes on neutro-
phil-to-lymphocyte ratio and its relationship to coronary artery disease.
Diabetes Metab. 2015;41(4):304-311. doi:10.1016/j.diabet.2015.01.001

6. MedzhitovR. Origin and physiological roles of inflammation. Nature.
2008;454(7203):428-435. doi:10.1038/nature07201

7. SenV, Bozkurt IH, Aydogdu O, et al. Significance of preoperative
neutrophil-lymphocyte count ratio on predicting postoperative
sepsis after percutaneous nephrolithotomy. Kaohsiung J Med Sci.
2016;32(10):507-513. d0i:10.1016/j.kjms.2016.08.008

20.

21.

22.

23.

24,

25.

26.

27.

S.Yang et al. Platelet-to-lymphocyte ratio and MNR correlate with TTT outcomes

Chen Y, Kuang X, Zhou J, et al. Proximal tibial cortex transverse dis-
traction facilitating healing and limb salvage in severe and recalci-
trant diabetic foot ulcers. Clin Orthop Relat Res. 2020;478(4):836-851.
doi:10.1097/CORR.0000000000001075

Qu L, Wang A, Tang F. The therapy of transverse tibial bone transport
and vessel regeneration operation on thromboangitis obliterans
[in Chinese]. 2001;81(10):622-624. https://rs.yiigle.com/cmaid/839246.
Accessed December 6, 2023.

. Yang Y, Li Y, Pan Q, et al. Tibial cortex transverse transport acceler-

ates wound healing via enhanced angiogenesis and immunomodu-
lation. Bone Joint Res. 2022;11(4):189-199. d0i:10.1302/2046-3758.114.
BJR-2021-0364.R1

. American Diabetes Association. Executive summary: Standards of

medical care in diabetes 2014. Diabetes Care. 2014;37(Suppl 1):55-513.
doi:10.2337/dc14-S005

. Robin X, Turck N, Hainard A, et al. pROC: An open-source package for

R and S+ to analyze and compare ROC curves. BMC Bioinformatics.
2011;12(1):77. doi:10.1186/1471-2105-12-77

. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of

diabetes for 2010 and 2030. Diabetes Res Clin Pract. 2010;87(1):4-14.
doi:10.1016/j.diabres.2009.10.007

. Zheng, Ley SH, Hu FB. Global aetiology and epidemiology of type 2

diabetes mellitus and its complications. Nat Rev Endocrinol. 2018;14(2):
88-98. d0i:10.1038/nrendo.2017.151

. Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and their

recurrence. N EnglJ Med. 2017;376(24):2367-2375. doi:10.1056/NEJM-
ral615439

. Amin N, Doupis J. Diabetic foot disease: From the evaluation of the “foot

atrisk” to the novel diabetic ulcer treatment modalities. World J Diabetes.
2016;7(7):153. d0i:10.4239/wjd.v7.i7.153

Ulu SM, Dogan M, Ahsen A, et al. Neutrophil-to-lymphocyte ratio
as a quick and reliable predictive marker to diagnose the severity
of diabetic retinopathy. Diabetes Technol Ther. 2013;15(11):942-947.
doi:10.1089/dia.2013.0097

. Liu N, Sheng J, Pan T, Wang Y. Neutrophil to lymphocyte ratio and

platelet to lymphocyte ratio are associated with lower extremity
vascular lesions in Chinese patients with type 2 diabetes. Clin Lab.
2019;65(3):180804. doi:10.7754/Clin.Lab.2018.180804

Liu J, Liu X, Li Y, et al. The association of neutrophil to lymphocyte
ratio, mean platelet volume, and platelet distribution width with
diabetic retinopathy and nephropathy: A meta-analysis. Biosci Rep.
2018;38(3):BSR20180172. d0i:10.1042/BSR20180172

Mertoglu C, Gunay M. Neutrophil-lymphocyte ratio and platelet-
lymphocyte ratio as useful predictive markers of prediabetes and
diabetes mellitus. Diabetes Metab Syndr. 2017;11(Suppl 1):5127-5131.
doi:10.1016/j.dsx.2016.12.021

Demirtas L, Degirmenci H, Akbas EM, et al. Association of hema-
tological indicies with diabetes, impaired glucose regulation and
microvascular complications of diabetes. IntJ Clin Exp Med. 2015;8(7):
11420-11427. PMID:26379958. PMCID:PMC4565341.

Pitsavos C, Tampourlou M, Panagiotakos DB, et al. Association between
low-grade systemic inflammation and type 2 diabetes mellitusamong
men and women from the ATTICA study. Rev Diabet Stud. 2007;4(2):
98-104. doi:10.1900/RDS.2007.4.98

ImtiazF, Shafique K, Mirza S, Ayoob Z, Vart P, Rao S. Neutrophil-lympho-
cyte ratio as a measure of systemic inflammation in prevalent chron-
ic diseases in Asian population. Int Arch Med. 2012;5(1):2. doi:10.1186
/1755-7682-5-2

Schaper NC, Van Netten JJ, Apelqvist J, et al. Practical Guidelines
on the Prevention and Management of Diabetic Food Disease (IWGDF
2019 update). Diabetes Metab Res Rev. 2020;36(Suppl 1):e3266. doi:10.
1002/dmrr.3266

Soyoye DO, Abiodun OO, Ikem RT, Kolawole BA, Akintomide AO.
Diabetes and peripheral artery disease: A review. World J Diabetes.
2021;12(6):827-838. doi:10.4239/wjd.v12.i6.827

Yazdanpanah L, Shahbazian H, Nazari |, et al. Risk factors associat-
ed with diabetic foot ulcer-free survival in patients with diabetes.
Diabetes Metab Syndr. 2018;12(6):1039-1043. doi:10.1016/j.dsx.2018.
06.020

Wang N, Yang B, Wang G, et al. A meta-analysis of the relationship
between foot local characteristics and major lower extremity ampu-
tation in diabetic foot patients. J Cell Biol. 2019;120(6):9091-9096.
doi:10.1002/jcb.28183


https://doi.org/10.5281/zenodo.10952319
https://doi.org/10.5281/zenodo.10952319
https://www.doi.org/10.1007/s12020-012-9619-x
https://www.doi.org/10.1080/07853890.2016.1231932
https://www.doi.org/10.1016/j.diabres.2017.04.013
https://www.doi.org/10.1016/j.diabres.2014.07.016
https://www.doi.org/10.1016/j.diabet.2015.01.001
https://www.doi.org/10.1038/nature07201
https://www.doi.org/10.1016/j.kjms.2016.08.008
https://www.doi.org/10.1097/CORR.0000000000001075
https://rs.yiigle.com/cmaid/839246
https://www.doi.org/10.1302/2046-3758.114.BJR-2021-0364.R1
https://www.doi.org/10.1302/2046-3758.114.BJR-2021-0364.R1
https://www.doi.org/10.2337/dc14-S005
https://www.doi.org/10.1186/1471-2105-12-77
https://www.doi.org/10.1016/j.diabres.2009.10.007
https://www.doi.org/10.1038/nrendo.2017.151
https://www.doi.org/10.1056/NEJMra1615439
https://www.doi.org/10.1056/NEJMra1615439
https://www.doi.org/10.4239/wjd.v7.i7.153
https://www.doi.org/10.1089/dia.2013.0097
https://www.doi.org/10.7754/Clin.Lab.2018.180804
https://www.doi.org/10.1042/BSR20180172
https://www.doi.org/10.1016/j.dsx.2016.12.021
https://pubmed.ncbi.nlm.nih.gov/26379958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4565341
https://www.doi.org/10.1900/RDS.2007.4.98
https://www.doi.org/10.1186/1755-7682-5-2
https://www.doi.org/10.1186/1755-7682-5-2
https://www.doi.org/10.1002/dmrr.3266
https://www.doi.org/10.1002/dmrr.3266
https://www.doi.org/10.4239/wjd.v12.i6.827
https://www.doi.org/10.1016/j.dsx.2018.06.020
https://www.doi.org/10.1016/j.dsx.2018.06.020
https://www.doi.org/10.1002/jcb.28183

Adv Clin Exp Med. 2025;34(4):549-559

28.

29.

30.

31.

32.

33.

Peng B, Min R, Liao Y, Yu A. Development of predictive nomograms
for clinical use to quantify the risk of amputation in patients with
diabetic foot ulcer. J Diabetes Res. 2021;2021:6621035. doi:10.1155
/2021/6621035

Gary T, Pichler M, Belaj K, et al. Platelet-to-lymphocyte ratio: A novel
marker for critical limb ischemia in peripheral arterial occlusive dis-
ease patients. PLoS One. 2013;8(7):e67688. d0i:10.1371/journal.pone.
0067688

Fujita T, Hemmi S, Kajiwara M, et al. Complement-mediated chronic
inflammation is associated with diabetic microvascular complication.
Diabetes Metab Res Rev. 2013;29(3):220-226. d0i:10.1002/dmrr.2380
Gao B, Pan W, Hu X, et al. Neutrophil-related ratios predict the 90-day
outcome in acute ischemic stroke patients after intravenous throm-
bolysis. Front Physiol. 2021;12:670323. doi:10.3389/fphys.2021.670323
Kumar NP, Moideen K, Dhakshinraj SD, et al. Profiling leucocyte sub-
sets in tuberculosis-diabetes co-morbidity. Immunology. 2015;146(2):
243-250. doi:10.1111/imm.12496

Valtierra-Alvarado MA, Castafieda Delgado JE, Ramirez-Talavera SI,
et al. Type 2 diabetes mellitus metabolic control correlates with
the phenotype of human monocytes and monocyte-derived mac-
rophages.J Diabetes Complications. 2020;34(11):107708. doi:10.1016/j.
jdiacomp.2020.107708

34.

35.

36.

37.

38.

559

Ohshita K, Yamane K, Hanafusa M, et al. Elevated white blood cell
count in subjects with impaired glucose tolerance. Diabetes Care.
2004;27(2):491-496. doi:10.2337/diacare.27.2.491

Duman TT, Aktas G, Atak BM, Kocak MZ, Erkus E, Savli H. Neutro-
phil to lymphocyte ratio as an indicative of diabetic control level
in type 2 diabetes mellitus. Afr Health Sci. 2019;19(1):1602. doi:10.4314/
ahs.v19i1.35

Sutkowska E, Sutkowski K, Sokotowski M, Franek E, Dragan S. Dis-
tribution of the highest plantar pressure regions in patients with
diabetes and its association with peripheral neuropathy, gender,
age, and BMI: One centre study. J Diabetes Res. 2019;2019:7395769.
doi:10.1155/2019/7395769

Khan MS, Azam M, Khan MN, et al. Identification of contributing
factors, microorganisms and antimicrobial resistance involved in
the complication of diabetic foot ulcer treatment. Microb Pathog.
2023;184:106363. doi:10.1016/j.micpath.2023.106363

Falanga V, Isseroff RR, Soulika AM, et al. Chronic wounds. Nat Rev
Dis Primers. 2022;8(1):50. d0i:10.1038/s41572-022-00377-3


https://www.doi.org/10.1155/2021/6621035
https://www.doi.org/10.1155/2021/6621035
https://www.doi.org/10.1371/journal.pone.0067688
https://www.doi.org/10.1371/journal.pone.0067688
https://www.doi.org/10.1002/dmrr.2380
https://www.doi.org/10.3389/fphys.2021.670323
https://www.doi.org/10.1111/imm.12496
https://www.doi.org/10.1016/j.jdiacomp.2020.107708
https://www.doi.org/10.1016/j.jdiacomp.2020.107708
https://www.doi.org/10.2337/diacare.27.2.491
https://www.doi.org/10.4314/ahs.v19i1.35
https://www.doi.org/10.4314/ahs.v19i1.35
https://www.doi.org/10.1155/2019/7395769
https://www.doi.org/10.1016/j.micpath.2023.106363
https://www.doi.org/10.1038/s41572-022-00377-3

	Correlation analysis of patients with diabetic foot ulcers treated with tibial cortex transverse tra

