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Aims: This study aimed to evaluate the clinical efficacy of 1, 2, and 3 months-based screening periods for the
prevention of plantar DFUs in patients in remission.

Methods: A randomized, three-arm, controlled trial was conducted in 148 patients at high — risk in remission with
a healed plantar foot ulcer. For the three treatment groups, the procedures were the same; the only difference
was the screening timeframe: group 1, 4 weeks; group 2, 8 weeks; and group 3, 12 weeks. Primary outcome
measure was the percentage of participants with plantar recurrence by the 1-year follow-up period.

Results: During the 12-month follow-up period, 50 participants (33.8 %) experienced a recurrence. We observed
that participants in the 12-weeks group experience DFU recurrence significantly more frequently (n = 27, 46 %)
than the 4-weeks (n = 18, 18.4 %) and 8-weeks (n = 14, 28.6 %) groups (P < 0.001). Ulcer survival curves
significantly differed between the study groups (log-rank test, P < 0.001). In the logistic regression model,
allocation was the only variable associated with ulcer recurrence during the 1-year follow-up period (P < 0.001,
95 % confidence interval:1.509-4.001).

Conclusions: This trial found superior clinical efficacy in preventing plantar recurrence rates with the 4-weeks
screening period compared to 8 and 12 weeks.

This trial was registered at Clinicaltrials.gov (identifier ID NCT06143215) within the Unique Protocol ID name of
the Diatime randomized controlled clinical trial.

1. Introduction

Diabetes-related foot ulcers (DFU) reportedly occur in approximately
18.6 million people with diabetes annually [1], and the lifetime inci-
dence of DFUs in individuals with diabetes is approximately 34 % [2].
According to the International Working Group on Diabetic Foot guid-
ance (IWGDF) [3], patients with a DFU that has resolved or who have
partial foot amputation, patients in remission, and high-risk patients all
require pressure-relieving footwear and orthoses that accommodate foot
shape and any foot deformity present to reduce the risk of ulcer recur-
rence [4]. It has been reported that even with structured plans for ulcer
prevention, 42 % recurrence at 1 year, 58 % at 3 years, and 65 % at 5
years is expected in individuals at high risk of foot ulcers [2].

The IWGDF and American Diabetes Association define high-risk
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patients as those with a history of DFU, amputation (minor or major),
or end-stage renal disease, in addition to the loss of protective sensation
and/or the presence of peripheral artery disease [4]. It has been previ-
ously estimated that high-risk patients IWGDF-3) have a prevalence of
1.8 % of patients with diabetes [5].

The literature describes a wide variety of therapies to prevent
recurrent foot ulcers. The most important pillars in the preventive
management of diabetes-related foot disease are offloading, self-control
and auto-examination, structured education for self-care foot preven-
tion, thermography screening, podiatric care, and finally, structured
assessment every 1-3 months [6]. An important concept is the presence
of pre-ulcerative lesions and excess calluses on the plantar surface of the
foot, which have been previously described as predictive factors for DFU
recurrence [7,8]. Minor trauma and inflammation from repetitive
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impact on the foot during weight-bearing can cause hemorrhage
beneath the callus, which presents as a full-thickness ulcer (i.e., damage
extending below the epidermis and dermis into the subcutaneous tissue)
upon callus removal [2,9].

The clinical pathway for the prevention of DFUs is well defined in the
literature and clinical guidelines. The recommended screening period
for people with healed foot ulcers is every 1-3 months for professional
foot care [4]. This recommendation is based on expert opinions, and to
date, no study has evaluated the clinical efficacy of different screening
periods for individuals with diabetes and healed plantar foot ulcers for
the evaluation of ulcer recurrences. Therefore, this study aimed to
evaluate the clinical efficacy of 1, 2, and 3 months-based screening pe-
riods for the prevention of plantar DFUs in patients in remission.

2. Material and methods
2.1. Study design

This randomized, three-arm, controlled trial was conducted at the
Diabetic Foot Unit of the Universidad Complutense de Madrid, Spain.
Patients were consecutively recruited from the outpatient clinic, and all
visits were performed at the same site by a research group. The trial was
registered at Clinicaltrial.gov (identifier ID NCT06143215) within the
Unique Protocol ID name of the Diatime randomized controlled clinical
trial. The trial was performed according to the principles of the Decla-
ration of Helsinki [10], ethical principles for Good Clinical Practice, and
applicable regulations. The Institutional Review Board of our teaching
hospital (Hospital Clinico San Carlos) approved the study. All partici-
pants provided written informed consent before screening and were free
to opt out of the study whenever they wished. This clinical trial was
conducted in accordance with the CONSORT guidelines for reporting
randomized controlled trials.

2.2. Participants

Eligible participants were described as IWGDF-risk 3 patients in
remission with a healed plantar foot ulcer[11]. The inclusion criteria
were confirmed type 1 or type 2 diabetes, age >18 years, and loss of
protective foot sensation due to peripheral neuropathy. To be eligible,
participants had to be free of any ulcers related to ill-fitting footwear or
insoles (i.e., friction ulcers or bruises) for the previous six months; this
does not include ulcers located in the plantar area of the foot. The
exclusion criteria were ulceration during examination, transmetatarsal
or major amputation (below or above the knee), history of rheumatoid
disease, other causes of neuropathy, critical limb ischemia as defined by
the IWGDF peripheral artery disease guidance and the European and
American Society of Vascular Surgery [12], presence of Charcot foot,
need for custom-made footwear due to severe foot deformity, and need
for walking aids. Participants who could not regularly attend outpatient
clinics were also excluded from the study. Participants who rejected the
therapeutic shoe and custom-made insole were also excluded, based on
previous studies reporting that patient dissatisfaction with the pre-
scribed footwear resulted in low usage and adherence, which was
related to worse outcomes [13,14].

2.3. Random assignment

Participants were randomly assigned by demographic characteristics
(sex and age group) to one of the three treatment arms using a block
stratification system generated by SPSS version 30.0 (SPSS, Chicago, IL,
USA). Balanced randomization was then carried out using the software
available at http://www.randomization.com by the principal investi-
gator (MLM). Enrolled and randomly assigned participants underwent
either of the following: group 1 participants were screened every 4
weeks, group 2 participants every 8 weeks, and group 3 participants
every 12 weeks. Given the nature of the trial, blinding of participants
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was not feasible. Clinicians who reviewed the participants and took care
of their feet were blinded to the revision times to decrease bias in the
outcome measures.

2.4. Procedures

After the principal researcher explained the procedures of the trial to
the participants and they signed the informed consent form, the inclu-
sion and exclusion criteria were evaluated. Participants who met the
inclusion criteria were randomly assigned to Groups 1, 2, or 3. For the
three treatment groups, the procedures were the same; the only differ-
ence was the screening timeframe: group 1, 4 weeks; group 2, 8 weeks;
and group 3, 12 weeks. Participants were asked to visit the outpatient
clinic every 4, 8, or 12 weeks for foot care; if any participant did not
attend the planned visits, the principal investigator withdrew the
participant from the trial as a major reason for not meeting the trial
requirements. All participants included in the trial met the criteria for
wearing therapeutic footwear with a rigid rocker sole (Podartis s.r.l
Unipersonale—Crocceta del Montello (TV), Italy) and a custom-made
multilayer insole (40 shore degrees base of ethyl vinyl acetate). The
dorsal cover was made of poron with a cut-out and a metatarsal bar in
the affected metatarsal head [15]. Every participant was provided with
outdoor and indoor footwear in addition to two pairs of custom-made
insoles to reduce the risk of ulcer recurrence [16,17]. The type of in-
door footwear was always the same: a rigid rocker outsole sandal with
two rigid heel counters and two forefoot straps to ensure proper fit.
Depending on sex and aesthetics, female participants were prescribed a
blue sandal, while male participants were prescribed a grey sandal.

At every study visit, an investigator performed a full foot check
looking for any callus, minor lesions, hemorrhages, ingrowing or thick
nails, and fitting problems within their therapeutic footwear and
custom-made insole, as these have been described as factors predictive
of ulcer recurrence [2,18,19]. After the clinical screening, another
investigator debrided excess calluses and minor lesions using a number
10 scalpel, and nail care was performed properly at every study visit.
The frequency of callus removal varied according to group allocation:
participants in the 4-week group underwent 12 sessions of callus
removal (once per month), those in the 8-week group underwent 6
sessions (once every two months), and those in the 12-week group un-
derwent 3 sessions (once every three months). The investigator debrided
the calluses using a No. 10 scalpel blade. The procedure was stopped
once the skin surface was smooth, and no callus remained on the su-
perficial epidermis.

Participants were asked to check their feet daily for any foot lesions.
If a new hemorrhage, excess callus, or ulcer recurrence was observed,
they were informed to come to the outpatient clinic for proper
management.

2.5. Outcomes

The primary outcome measure was the percentage of participants
with plantar recurrence by the 1-year follow-up period. Ulcer recurrence
was defined as a new foot ulcer in a person with a history of foot ul-
ceration, irrespective of the location and time since the previous foot
ulcer [11]. Secondary outcome measures included minor or pre-
ulcerative lesions, minor and major amputations, and death. Minor le-
sions were defined as foot lesions that have a high risk of developing into
foot ulcers, such as intra-or subcutaneous hemorrhages, blisters, or skin
fissures that do not penetrate the dermis [11]. A different clinician that
was blinded to the randomization diagnosed plantar ulceration and
minor lesions. This outcome assessor performed this assessment in the
clinic, i.e. live and on the participants foot.

2.6. Statistical analysis

The sample size calculation was estimated based on a desired power
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of 80 %, with a two-sided significance level of 0.05, to detect a difference
in the incidence of ulcer recurrence among the three study groups (SPSS
software, version 30.0 (SPSS, Chicago, IL, USA)). Based on the reported
outcomes of similar studies, we expected that 40 % [2] of group 3 (12-
week group) would experience recurrence and a reduction of at least 25
% in groups 1 & 2 (4- and 8-week groups) during the 1-year follow-up
period. Therefore, we expected to include at least 49 participants per
group, and 148 participants to be included in the trial.

Univariate analysis of risk factors associated with allocation was
performed using the chi-square test for categorical variables and Stu-
dent’s t-test for quantitative variables using SPSS version 29.0 (SPSS,
Chicago, IL, USA). The strength of the differences in effect size was
calculated using the phi coefficient for the chi-square test and the r co-
efficient for the non-parametric test, with values greater than 0.01, 0.30,
and 0.50 considered as indicating small, medium, and large effects,
respectively. Cohen’s d was calculated as the effect size of parameters,
and values greater than 0.2, 0.5, and 0.8 were considered to indicate
small, moderate, and large effects, respectively [20]. The trial was
conducted using a per-protocol approach, as participants who were non-
compliant were excluded from the analyses. Relative risk reduction
(RRR) and number needed to treat (NNT) were calculated to estimate
the size of the effects.

RRR = treatment group risk — control group risk / control group risk
NNT = 1 / treatment group risk — control group risk

Differences in survival between the groups were evaluated using the
log-rank test and expressed using Kaplan-Meier curves. Continuous and
categorical variables with P < 0.10 were selected as covariates in the

Enrollment
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univariate analysis to develop a Cox proportional hazards survival
model for determining ulcer recurrence-free survival time; these vari-
ables were expressed using hazard ratios with a forward stepwise se-
lection method. Missing values were handled using multiple imputation
by Fully Conditional Specification with five imputed datasets. Variables
included in the imputation model were main outcome measures
(recurrence and minor amputation).

2.7. Data and resource availability

The datasets generated during and/or analyzed during the current
study are not publicly available due to but are available from the cor-
responding author upon reasonable request.

3. Results

Between November 2023 and March 2025, a total of 194 participants
were screened for eligibility. After excluding those who did not meet the
inclusion criteria, 148 participants were enrolled and randomly assigned
to the study groups. The study flowchart is shown in Fig. 1. The de-
mographic characteristics and diabetes and foot complications of the
enrolled patients are outlined in Table 1. Most participants had type 2
diabetes (94.6 %) with more than 12 years of diabetes evolution. Par-
ticipants in group 1 showed a higher rate of palpable pulses, which may
indicate a trend toward a healthier population. No significant differ-
ences were observed between the study groups in terms of baseline and
foot characteristics. The most prevalent location of plantar foot ulcers
was the metatarsal head (79.7 %), followed by the hallux (7.4 %), minor
toes (6.8 %), midfoot (3.4 %), and rearfoot (2.7 %). No significant

Assessed for eligibility (n= 194)

Excluded (n= 46)
+ Declined to participate (n= 33)

A 4

+ Ulcer during previous 6-months (n= 13)

Randomly assigned (n= 148)

, !

Allocation
Allocated to 4-weeks

group (n=49)

Allocated to 8-weeks
group (n=49)

Allocated to 12-weeks
group (n= 50)

Follow-Up

\4

9 recurred during the 12-
month follow-up period

14 recurred during the 12-
month follow-up period

27 recurred during the 12-
month follow-up period

A A4

in the analyses

A\ 4 .
Analysis — _ _
49 participants included 49 participants included in

the analyses

50 participants included in
the analyses

Fig. 1. Trial profile.
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Table 1
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Participants’ baseline demographic characteristics and diabetes and foot complications.

All participants 4-weeks Group 8-weeks Group 12-weeks Group P-value Effect size

(N = 148) (n = 49) (n = 49) (n = 50) [95 % CI]
Baseline characteristics
Male, n (%) 106 (71.6) 36 (73.5) 31 (63.3) 39 (78) 0.251 0.137
Female, n (%) 42 (28.4) 13 (26.5) 18 (36.7) 11 (22)
Type 2 diabetes, n (%) 140 (94.6) 44 (89.8) 46 (93.9) 50 (100) 0.078 0.186
Type 1 diabetes, n (%) 8(5.4) 5(10.2) 3(6.1) -
Retinopathy, n (%) 23 (15.5) 8 (16.3) 7 (14.3) 8 (16) 0.956 0.025
Renal disease, n (%) 21 (14.2) 6 (12.2) 7 (14.3) 8 (16) 0.866 0.044
Hypertension, n (%) 80 (50.4) 29 (59.2) 26 (53.1) 25 (50) 0.647 0.077
Hypercholesterolemia, n (%) 103 (69.6) 35 (71.4) 35 (71.4) 33 (66) 0.794 0.056
Cardiovascular disease, n (%) 24 (16.2) 8 (16.3) 7 (14.3) 9(18) 0.882 0.041
Previous amputation, n (%) 76 (51.4) 24 (49) 25 (51) 27 (54) 0.881 0.041
Body mass index, mean + SD 25.7 £ 3.7 25.2+3.9 26.3 + 3.5 25.8 + 3.8 0.364 0.014
Mean age + SD (years) 67.1 +11.6 64.7 £12.5 66.8 +13.1 69.9 + 8.3 0.082 0.034
Glycated hemoglobin, mean + SD 7.6 +1.1 7.6 +1.1 75+1.2 7.6 +£1.1 0.364 0.014
Diabetes mellitus (years), mean + SD 12.7 £ 6.2 13.1 + 6.9 12.3 + 5.6 12.7 + 6.1 0.814 0.003
Presence of dorsalis pedis pulse, n (%) 58 (39.2) 27 (55) 17 (34.7) 19 (38) 0.573 0.087
Presence of posterior tibial pulse, n (%) 45 (30.4) 37 (75.5) 16 (32.7) 33 (66) 0.540 0.091
Ankle-brachial pressure index, mean + SD 1.2+0.2 1.2+ 0.4 1.1 £0.2 1.2 +£0.2 0.658 0.006
Toe-brachial pressure index, mean + SD 0.8 £0.2 0.9 +£0.24 0.8 £0.2 0.8 £0.2 0.420 0.045
TcpO, (mmHg), mean + SD 35.2+6.6 339+6.1 35+ 6.6 36.7 £ 6.9 0.098 0.031
Foot characteristics
History of >1 foot ulcer event, n (%) 137 (92.6) 44 (89.8) 46 (93.9) 47 (94) 0.664 0.074
Hallux abductus valgus, n (%) 28 (18.9) 8 (16.3) 10 (20.4) 10 (20) 0.851 0.047
Metatarsal bony prominence, n (%) 86 (58.1) 27 (55.1) 30 (61.2) 29 (58) 0.828 0.051
Hammer toe, n (%) 79 (53.4) 23 (46.9) 31 (63.3) 25 (50) 0.226 0.142
Tailor’s bunion, n (%) 25 (16.9) 6(12.2) 10 (20.4) 9(18) 0.541 0.091
Charcot midfoot deformity, n (%) 5(3.4) 2(4.1) 2(4.1) 1(2) 0.831 0.050
Previous location of last foot ulcers
Hallux, n (%) 11 (7.4) 2(4.1) 5(10.2) 4(8) 0.504 0.096
Toes, n (%) 10 (6.8) 4(8.2) 2(4.1) 4(8) 0.659 0.075
Metatarsal heads, n (%) 118 (79.7) 39 (79.6) 39 (79.6) 40 (80) 0.967 0.021
Midfoot, n (%) 5(3.4) 2(4.1) 2(4.1) 1(2) 0.803 0.054
Rearfoot, n (%) 4(2.7) 2(4.1) 12 12 0.767 0.060

SD, standard deviation; CI, confidence interval; IQR, interquartile range; TcpO,, transcutaneous oxygen pressure  For categorical variables: Chi-square test, as the Phi
coefficient, where an effect size of 0.01 represents a small effect; 0.30 a medium effect; and 0.50 a large effect. b For normally distributed variables: for independent
samples, Student’s t-test; effect size as Cohen’s d: represents effect size values: >0.2 as small effect, >0.5 as moderate effect; and >0.8 as large effect; d is positive if the
mean difference is in the predicted direction. *P < 0.05 indicates a significant association.

differences were observed between the study groups regarding the
previous locations of foot ulcers in the participants. However, during the
follow-up period only five participants showed low compliance with the
planned visits: two in Group 1 (4 weeks), two in Group 2 (8 weeks), and
one in Group 3 (12 weeks).

Table 2 reports primary and secondary outcome measures of the
study groups. During the 12-month follow-up period, 50 participants
(33.8 %) experienced a recurrence. We observed that participants in the
12-weeks group experience DFU recurrence significantly more
frequently (n = 27, 46 %) than the 4-weeks (n = 18, 18.4 %) and 8-
weeks (n = 14, 28.6 %) groups (P < 0.001, effect size 0.318). Addi-
tionally, 17 participants (11.5 %) had minor lesions, with more patients
in the 8-weeks group (n = 10, 20.4 %), compared to the 4-weeks (n = 2,

Table 2
Outcome measures of study groups.

4.1 %) and 12-weeks (n = 5, 10 %) groups (P = 0.037, effect size 0.211).
Minor amputations were reported in nine participants (6.1 %) due to
foot ulcers complicated by osteomyelitis: six patients in the 12-weeks
group (12 %), and one and two patients in the 4-weeks (2 %) and 8-
weeks (4.1 %) groups, respectively (P = 0.091, effect size 0.180).
Death or need for major amputation did not occur in any of the groups
during the 12-month follow-up period.

When evaluating the relationship between ulcer recurrence and the
study groups (Table 3), we observed that most participants had ulcers
located beneath the metatarsal head (n = 40, 27 %). Participants in the
12-weeks group experienced recurrence in the metatarsal head area of
the forefoot more frequently (n = 24, 48 %) than the other groups (P =
0.013, effect size 0.418).

All participants 4-weeks Group 8-weeks Group 12-weeks Group P-value Effect size
(N =148) (n = 49) (n =49) (n = 50) [95 % CI]
Outcome measures
Recurrence, n (%) 50 (33.8) 9 (18.4) 14 (28.6) 27 (46) 0<.001* 0.318
Minor lesion, n (%) 17 (11.5) 2(4.1) 10 (20.4) 5 (10) 0.037* 0.211
Minor amputation, n (%) 9(6.1) 1(2) 24.1) 6(12) 0.90 0.180
Major amputation, n (%) 0 0 0 0 - -
Death, n (%) 0 0 0 0 - -

CI, confidence interval; IQR, interquartile range. ® For categorical variables: Chi-square test, as the Phi coefficient, where an effect size of 0.01 represents a small effect,
0.30 a medium effect, and 0.50 a large effect. ® For normally distributed variables: for independent samples, Student’s t-test; effect size as Cohen’s d: represents effect
size values: >0.2 as small effect, >0.5 as moderate effect; and >0.8, large effect; d is positive if the mean difference is in the predicted direction. *P < 0.05, significant

association.
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Table 3
Relationship between ulcer occurrence and location by study groups.
Recurrent 4- 8- 12- P- Effect
participants weeks weeks weeks value size
(N =50) Group Group Group [95 %
n=9) (n= (n= CI]
14) 27)

Outcome measures

Hallux, n 6(4.1) 2(4.1) 2(4.1) 24 0.473 0.173
(%)

Toes, n (%) 1(0.7) 1(2) 0 0 0.098 0.305

Metatarsal 40 (27) 4(8.2) 12 24 (48) 0.013* 0.418
heads, n (24.5)
(%)

Midfoot, n 3(2) 2(4.1) 0 1(2) 0.069 0.327
(%)

Rearfoot, n 0 0 0 0 — —

(%)

CI, confidence interval; IQR, interquartile range. * For categorical variables: Chi-
square test, as the Phi coefficient, where an effect size of 0.01 represents a small
effect, 0.30 a medium effect, and 0.50 a large effect. b For normally distributed
variables: for independent samples, Student’s t-test; effect size as Cohen’s d:
represents effect size values: >0.2 as small effect, >0.5 as moderate effect; and
>0.8, large effect; d is positive if the mean difference is in the predicted direc-
tion. *P < 0.05, significant association.

The Kaplan-Meier survivorship analysis for the time to recurrent
events is presented in Fig. 2. The 4-, 8-, and 12-weeks-based groups
showed mean + SD recurrence-free survival times of 308.9 + 128.5
days, 278.7 + 145 days, and 189.4 + 163.9 days, respectively. Ulcer
survival curves also significantly differed between the study groups (log-
rank test, P < 0.001).

The Kaplan-Meier survivorship analysis for the time to minor lesion
events is presented in Fig. 3. The 4-, 8-, and 12-weeks-based groups
showed mean + SD minor lesions-free survival times of 351 + 67 days,
301.7 + 127 days, and 335 + 90 days, respectively. Ulcer survival
curves also significantly differed between the study groups (log-rank
test, P = 0.037).

1.0 T
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The relative risk (RR) for the 4-weeks group compared to the 8 and
12 weeks was 0.2. The RRR for the 4-weeks group was 81 %, while the
NNT was 6.62.

Variables with P < 0.1 in the univariate analysis (age, trans-
cutaneous oxygen pressure, diabetes type, and group allocation) were
included in the Cox multivariate model. We found that allocation was
the only variable associated with ulcer recurrence during the 1-year
follow-up period (P < 0.001, 95 % confidence interval:1.325-2.859),
Hazzard ratio = 1.95.

After multiple imputation, the treatment effect remained statistically
significant and of similar magnitude (recurrence; adjusted difference =
—0.20 %; 95 % CI: —0.66 to — 0.15; p = 0.002 and minor lesions;
adjusted difference = —0.30 %; 95 % CI: —0.45 to — 0.12; p = 0.003),
confirming that the main study conclusions were robust to missing data.

4. Discussion

When considering the clinical outcomes in patients at risk of foot
ulceration, it is important to properly prescribe a specific screening
appointment. The results of the current trial demonstrated that 4-weeks
screening appointments resulted in fewer foot ulcer recurrences than 8
and 12- weeks screening periods. Additionally, we observed that a
shorter revision period in at-risk feet resulted in a longer ulcer-free
period and reduced the number of minor lesions. The accumulative
pressure in the plantar area of the foot might explain this, as previous
studies have demonstrated a significant reduction in plantar pressure
following callus removal (in-shoe pressures in three groups respectively
improved from 375/352/241 kPa [before] to 251/241/176 kPa [after
removal] [21]; barefoot pressures reduced from 14.2 to 10.3 kg/cm)
[22]. Thus, reducing the revision period prevents cumulative callus
beneath bony prominences and could reduce peak pressures and further
ulcer occurrences and minor lesions. A revision period of 4 weeks seems
to be a reasonable timeframe for preventing foot ulcers in the plantar
area of the foot; our findings revealed that minor lesions start to appear
from 4 to 8 weeks, and at 12 weeks, minor lesions become foot ulcers
due to excessive plantar pressure secondary to callus formation.

Randomization

4 weeks (n= 49 participants)
8 weeks (n= 49 participants)
12 weeks (n= 50 participants)
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Fig. 2. Kaplan-Meier plots for different revision times on cumulative survival of foot ulcer recurrence over 12 months of follow-up (N = 148).
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Randomization

4 weeks (n=49 participants)
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Fig. 3. Kaplan-Meier plots for different revision times on cumulative survival of minor lesions over 12 months of follow-up (N = 148).

In this trial, almost 80 % of participants had a previous foot ulcer
beneath the metatarsal head, which can be explained by worldwide
trends; previous research has demonstrated that more than 50 % of DFUs
appear in the plantar area of the forefoot, particularly beneath the
metatarsal heads [23]. Thus, the results of this trial can be generalized to
most of the population, as most ulcers appear in the plantar area of the
foot; however, we recruited few participants with toe, midfoot, and
rearfoot ulcers compared to those with metatarsal head ulcers. Further
research should confirm whether reducing the screening period in par-
ticipants with non-plantar DFUs can help reduce the rate of ulcer
recurrence.

Additionally, and from a health economic point of view, this needs to
be studied using a cost-economic analysis to evaluate whether reducing
screening periods in this population (non-plantar DFUs) is cost-effective
in reducing foot complications. The fact that reducing the frequency of
follow-up visits increases direct costs can be an important factor to
consider, as it may contribute to healthcare system overload. For this
reason, new monitoring strategies and technological approaches should
be implemented in daily clinical practice [24]. Furthermore, a deeper
analysis of our results showed that Kaplan-Meier analyses indicated no
recurrences after 90 days, regardless of allocation. This finding has
important implications, suggesting that patients should be closely
monitored at one-month intervals during the first 90 days to prevent foot
complications. It also highlights for clinicians that efficient resource
utilization is crucial, as participants who do not experience recurrence
within the first 90 days are unlikely to develop reulceration for at least
one year.

Notably, the entire population was homogeneous in terms of baseline
characteristics and diabetes and foot complications. It has been sug-
gested that participants with previous minor amputations are more
likely to develop ulcer recurrences [25-29]. In this study, the rate of
minor amputations was very high (~50 %), and the rates between study
groups were similar without any statistical significance. This can refute
the hypothesis that even with a high-risk group of participants, reducing
the revision periods can reduce recurrences and minor amputations. To
reduce bias, all participants in the trial must be free of ulcers for at least
6 months to ensure the proper fitting of therapeutic footwear and
custom-made insoles. This empowers the research results to reduce

confounding factors of recurrence, such as ill-fitting footwear [30].

This study had some limitations: First, participants were not blinded
due to the nature of the time frame in the revision periods. Second,
adherence to therapeutic footwear and daily life activities was not
measured in this research, and further trials should focus on the rela-
tionship between different revision times and adherence or activity. The
representativeness and generalizability of the trial are limited, as it was
conducted at a single center, further trials should focus on evaluating
these methods in other settings. Foot pressures were not evaluated, as it
has been previously described that peak pressure increases in the plantar
area when a thick callus appears. Participants included in the trial were
unable to use custom-made footwear due to the constraints of the
healthcare regulatory system. All patients wore prefabricated thera-
peutic footwear, which has demonstrated plantar pressure relief.
Finally, participants who did not attend the planned visits were excluded
from the analyses. This can be considered a limitation, as the RCT was
conducted only as a per-protocol analysis and no intention-to-treat
analysis was performed. Blinding of clinicians in behavioral trials is
challenging due to the time frame of the planned visits, and this may
introduce bias in the interpretation of outcome measures. This research
adds some new insights, such as the relationship between time and
callus formation. The main strength of our study is that it is the first
randomized clinical trial to clinically examine the ulcer recurrence rate
depending on different screening times, where podiatric care is the key
to the prevention of recurrence. We observed no deaths or major am-
putations during the follow-up, suggesting the importance of regular
monitoring and foot care frequency in patients in remission.

In conclusion, this trial found superior clinical efficacy in preventing
plantar recurrence rates with the 4-weeks screening period compared to
8 and 12 weeks. Clinicians should consider including a 4-weeks
screening timeframe in structured plans for ulcer prevention in high-
risk participants with diabetes.

Funding and Assistance

This trial received no external funding.



M. Lépez-Moral et al.
CRediT authorship contribution statement

Mateo Lopez-Moral: Writing — review & editing, Writing — original
draft, Validation, Supervision, Software, Resources, Methodology,
Investigation, Formal analysis, Data curation, Conceptualization. Marta
Garcia-Madrid: Writing — review & editing, Writing — original draft,
Validation, Methodology, Investigation, Data curation, Conceptualiza-
tion. Esther Garcia-Morales: Writing — review & editing, Writing —
original draft, Methodology, Formal analysis. Yolanda Garcia-Alvarez:
Writing — review & editing, Writing — original draft, Methodology.
Francisco J. Alvaro-Afonso: Writing — review & editing, Software,
Investigation. José Luis Lazaro-Martinez: Writing — review & editing,
Writing — original draft, Validation, Resources, Project administration,
Methodology, Investigation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors gratefully acknowledge the support of the staff and pa-
tients of the Diabetic Foot Unit of the Complutense University of Madrid.

Dr. Mateo Lopez Moral is the guarantor of this work and, as such, had
full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Prior presentation

A non-peer-reviewed version of this article was submitted to the
preprint server: https://dfsg.org/dfsg 2025/, for the annually meeting
in September, Prague.

References

[1] Zhang Y, Lazzarini PA, McPhail SM, van Netten JJ, Armstrong DG, Pacella RE.
Global disability burdens of diabetes-related lower-extremity complications in
1990 and 2016. Diabetes Care 2020;43:964-74.

Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and their recurrence.
N Engl J Med 2017;376:2367-75.

Armstrong DG, Tan TW, Boulton AJM, Bus SA. Diabetic foot ulcers: a review. J Am
Med Assoc 2023;330:62-75.

[4] Bus SA, Sacco ICN, Monteiro-Soares M, Raspovic A, Paton J, Rasmussen A, et al.
Guidelines on the prevention of foot ulcers in persons with diabetes IWGDF 2023
update). Diabetes Metab Res Rev 2024;40:e3651.

Stang D, Leese GP, The Scottish Diabetes Foot Action Group 2016. Update of the
diabetic foot risk stratification and triage system; published March 1, 2017. [Cited
Jun 1, 2025]. Available from: https://woundsinternational.com/journal-articles/
the-scottish-diabetes-foot-actiongroup-2016-update-of-the-diabetic-foot-risk-
stratification-and-triage-system/.

Schaper NC, van Netten JJ, Apelqvist J, Bus SA, Fitridge R, Game F, et al. Practical
guidelines on the prevention and management of diabetes-related foot disease
(IWGDF 2023 update). Diabetes Metab Res Rev 2023;2024(40):e3657.
Monteiro-Soares M, Boyko EJ, Ribeiro J, Ribeiro I, Dinis-Ribeiro M. Predictive
factors for diabetic foot ulceration: a systematic review. Diabetes Metab Res Rev
2012;28:574-600.

Crawford F, Cezard G, Chappell FM, Murray GD, Price JF, Sheikh A, et al.

A systematic review and individual patient data meta-analysis of prognostic factors
for foot ulceration in people with diabetes: the international research collaboration
for the prediction of diabetic foot ulcerations (PODUS). Health Technol Assess
2015;19:1-210.

[2

—

[3

=

[5

[}

[6

=

[7

—

[8

—

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Diabetes Research and Clinical Practice 230 (2025) 112962

van Netten JJ, Raspovic A, Lavery LA, Monteiro-Soares M, Paton J, Rasmussen A,
et al. Prevention of foot ulcers in persons with diabetes at risk of ulceration: a
systematic review and meta-analysis. Diabetes Metab Res Rev 2024;40:e3652.
World Medical Association. World Medical Association Declaration of Helsinki:
Ethical principles for medical research involving human subjects. J Am Med Assoc
2013;310:2191-4.

van Netten JJ, Bus SA, Apelqvist J, Chen P, Chuter V, Fitridge R, et al. Definitions
and criteria for diabetes-related foot disease (IWGDF 2023 update). Diabetes Metab
Res Rev 2023;2024(40):e3654.

Fitridge R, Chuter V, Mills J, Hinchliffe R, Azuma N, Behrendt CA, et al. The
intersocietal INGDF, ESVS, SVS guidelines on peripheral artery disease in people
with diabetes and a foot ulcer. Diabetes Metab Res Rev 2024;40:e3686.
Lopez-Moral M, Molines-Barroso RJ, Altonaga-Calvo BJ, Carrascosa-Romero E,
Cecilia-Matilla A, Doria-Cervos M, et al. Evaluation of usability, adherence, and
clinical efficacy of therapeutic footwear in persons with diabetes at moderate to
high risk of diabetic foot ulcers: a multicenter prospective study. Clin Rehabil
2024;38:612-22.

Jarl G, Tranberg R, Johansson U, Alnemo J, Lundqvist LO. Predictors of adherence
to wearing therapeutic footwear among people with diabetes. J Foot Ankle Res
2020;13:45.

Lopez-Moral M, Lazaro-Martinez JL, Garcia-Morales E, Garcia-Alvarez Y, Alvaro-
Afonso FJ, Molines-Barroso RJ. Clinical efficacy of therapeutic footwear with a
rigid rocker sole in the prevention of recurrence in patients with diabetes mellitus
and diabetic polineuropathy: a randomized clinical trial. PLoS One 2019;14:
e€0219537.

Waaijman R, Keukenkamp R, de Haart M, Polomski WP, Nollet F, Bus SA.
Adherence to wearing prescription custom-made footwear in patients with diabetes
at high risk for plantar foot ulceration. Diabetes Care 2013;36:1613-8.
Keukenkamp R, van Netten JJ, Busch-Westbroek TE, Bus SA. Custom-made
footwear designed for indoor use increases short-term and long-term adherence in
people with diabetes at high ulcer risk. BMJ Open Diabetes Res Care 2022;10:
€002593.

Waaijman R, de Haart M, Arts MLJ, Wever D, Verlouw AJWE, Nollet F, et al. Risk
factors for plantar foot ulcer recurrence in neuropathic diabetic patients. Diabetes
Care 2014;37:1697-705.

Apelqvist J, Larsson J, Agardh CD. The influence of external precipitating factors
and peripheral neuropathy on the development and outcome of diabetic foot
ulcers. J Diabet Complications 1990;4:21-5.

Cohen J. A power primer. Psychol Bull 1992;112:155-9.

Pitei DL, Foster A, Edmonds M. The effect of regular callus removal on foot
pressures. J Foot Ankle Surg 1999;38:251-5. discussion 306.

Young MJ, Cavanagh PR, Thomas G, Johnson MM, Murray H, Boulton AJ. The
effect of callus removal on dynamic plantar foot pressures in diabetic patients.
Diabet Med 1992;9:55-7.

Prompers L, Huijberts M, Apelqvist J, Jude E, Piaggesi A, Bakker K, et al. High
prevalence of ischaemia, infection and serious comorbidity in patients with
diabetic foot disease in Europe. Baseline results from the Eurodiale study.
Diabetologia 2007;50:18-25.

Alahakoon C, Fernando M, Galappaththy C, Matthews EO, Lazzarini P, Moxon JV,
et al. Meta-analyses of randomized controlled trials reporting the effect of home
foot temperature monitoring, patient education or offloading footwear on the
incidence of diabetes-related foot ulcers. Diabet Med 2020;37(8):1266-79.
Lazaro-Martinez JL, Garcia-Madrid M, Garcia-Alvarez Y, Alvaro-Afonso FJ, Sanz-
Corbalan I, Garcia-Morales E. Conservative surgery for chronic diabetic foot
osteomyelitis: Procedures and recommendations. J Clin Orthop Trauma 2021;16:
86-98.

Garcia-Madrid M, Garcia-Alvarez Y, Sanz-Corbalan I, Alvaro-Afonso FJ, Lépez-
Moral M, Lazaro-Martinez JL. Predictive value of forefoot plantar pressure to
predict reulceration in patients at high risk. Diabetes Res Clin Pract 2022;189:
109976.

Garcfa-Madrid M, Garcia-Alvarez Y, Alvaro-Afonso FJ, Garcia-Morales E,
Tardaguila-Garcia A, Lazaro-Martinez JL. Analysis of plantar pressure pattern after
metatarsal head resection. can plantar pressure predict diabetic foot reulceration?
J Clin Med 2021;10:2260.

Molines-Barroso RJ, Lazaro-Martinez JL, Aragon-Sanchez J, Garcia-Morales E,
Beneit-Montesinos JV, Alvaro-Afonso FJ. Analysis of transfer lesions in patients
who underwent surgery for diabetic foot ulcers located on the plantar aspect of the
metatarsal heads. Diabet Med 2013;30:973-6.

Molines-Barroso RJ, Lazaro-Martinez JL, Alvaro-Afonso FJ, Sanz-Corbalan I,
Garcia-Klepzig JL, Aragén-Sanchez J. Validation of an algorithm to predict
reulceration in amputation patients with diabetes. Int Wound J 2017;14:523-8.
Jones PJ, Armstrong DG, Frykberg R, Davies M, Rowlands AV. Footwear fit as a
causal factor in diabetes-related foot ulceration: a systematic review. Diabet Med
2024;41:e15407.


https://dfsg.org/dfsg_2025/
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0005
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0005
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0005
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0010
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0010
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0015
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0015
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0020
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0020
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0020
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0030
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0030
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0030
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0035
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0035
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0035
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0040
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0040
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0040
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0040
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0040
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0045
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0045
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0045
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0050
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0050
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0050
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0055
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0055
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0055
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0060
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0060
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0060
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0065
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0065
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0065
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0065
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0065
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0070
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0070
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0070
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0075
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0075
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0075
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0075
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0075
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0080
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0080
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0080
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0085
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0085
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0085
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0085
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0090
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0090
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0090
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0095
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0095
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0095
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0100
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0105
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0105
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0110
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0110
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0110
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0115
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0115
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0115
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0115
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0120
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0120
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0120
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0120
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0125
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0125
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0125
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0125
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0130
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0130
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0130
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0130
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0135
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0135
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0135
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0135
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0140
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0140
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0140
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0140
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0145
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0145
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0145
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0150
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0150
http://refhub.elsevier.com/S0168-8227(25)00976-3/h0150

	Comparison of 4, 8, and 12 ​week screening and foot care frequencies in persons in remission: The DIATIME comparative effic ...
	1 Introduction
	2 Material and methods
	2.1 Study design
	2.2 Participants
	2.3 Random assignment
	2.4 Procedures
	2.5 Outcomes
	2.6 Statistical analysis
	2.7 Data and resource availability

	3 Results
	4 Discussion
	Funding and Assistance
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Prior presentation
	References


