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Zusammenfassung in Deutsch

Hintergrund: Defekte im Bereich von Full und Sprunggelenk stellen sowohl fiir
Patient*innen als auch fiir Chirurg*innen eine erhebliche Herausforderung dar.
Vorrangiges Ziel der rekonstruktiven Versorgung ist in diesen Fillen der Erhalt der
betroffenen Extremitdt. Zugleich soll jedoch ein bestmogliches funktionelles und
dsthetisches Ergebnis angestrebt werden, um die Lebensqualitit der Patient*innen
wiederherzustellen. Ziel dieser Studie war es, die langfristigen funktionellen Ergebnisse,
die gesundheitsbezogenen Lebensqualitdt, die Narbenqualitit und die &sthetische
Zufriedenheit von Patient*innen nach mikrochirurgischen Rekonstruktionen von Defekten

im Bereich des Fulles und Sprunggelenks zu untersuchen.

Methoden: Wir fiihrten eine kontrollierte Kohortenstudie mit erwachsenen Patient*innen
durch, die zwischen 2006 und August 2022 an der Abteilung fiir Plastische, Asthetische
und Rekonstruktive Chirurgie des LKH Graz eine Rekonstruktion mittels freier
Lappenplastik zur Behandlung von Defekten im Bereich von Fu3 und Sprunggelenk
erhielten. Als Kontrollgruppe diente eine Kohorte gesunder Personen. Zur Erhebung der
langfristigen Ergebnisse wurden patient*innenbezogene Fragebogen (PROMs) eingesetzt.
Dabei wurden Funktionalitit (LEFS: Lower Extremity Functional Scale),
gesundheitsbezogene Lebensqualitidt (SF-36: Short-Form 36 Health Survey Questionnaire),
Narbenqualitit (PSAS: Patient Scar Assessment Scale), idsthetische Zufriedenheit
(Asthetische Likert Skala), Schmerzen in Ruhe und bei Aktivitit (10-Punkt Numerische

Ratingskala) sowie die Nutzung von Schuhen und Einlagen erfasst.

Ergebnisse: Von 55 potenziellen Patient*innen, die fiir die Studienteilnahme infrage
kamen, erklérten 13 (23,6%) ihre Einwilligung zur Teilnahme. Die Studienkohorte bestand
zu 84,6% aus minnlichen Patienten und die durchschnittliche Nachbeobachtungszeit lag
bei 8,6 Jahren (+ 5,2). Hinsichtlich der korperlichen Funktion der unteren Extremitit
wurden signifikante moderate Einschridnkungen festgestellt (LEFS: 42,5 + 20,5, p=0,002).
Zudem zeigten sich signifikante Beeintrichtigungen in den SF-36 Subskalen Schmerz
(55,8 £ 34,5, p=0,019), korperliche Funktion (55,0 £ 29,7, p=0,0013) und physische
Rollenfunktion (38,5 + 44,0, p=0,006). In Bezug auf die dsthetische Zufriedenheit (14,3 +
4,4) und die Narbenqualitdat (23,5 + 13,5) ergaben sich insgesamt zufriedenstellende
Ergebnisse. 61% der Patient*innen gaben an, auf orthopéadische Schuhe oder Einlagen

angewiesen zu sein.



Schlussfolgerung: Trotz erfolgreicher Rekonstruktion mittels freier Lappenplastik zeigen
Patient*innen mit Defekten im Bereich von Ful3 und Sprunggelenk langfristig signifikante
funktionelle Einschrinkungen sowie anhaltende Schmerzen bei korperlicher Aktivitidt. Die
gesundheitsbezogene Lebensqualitidt ist insbesondere in physischen Dimensionen
dauerhaft negativ beeintrichtigt, wihrend die psychische Gesundheit weitgehend erhalten

bleibt.



Abstract in English

Background: Defects of the foot and ankle area pose a significant challenge for both
patients and surgeons. While the primary objective of microvascular free flap
reconstructions of lower leg defects is limb preservation, there should be an effort to obtain
the best functional and aesthetic results possible and to restore the patient’s quality of life.
The aim of this study was to investigate the long-term post-operative functional outcome,
health-related quality of life, scar quality, and aesthetic satisfaction in patients following

microsurgical reconstructions of defects of the foot and ankle area.

Methods: We conducted a monocentric, controlled cohort study of adult patients who
underwent microsurgical reconstructions for defects of the foot and ankle area between
2006 and August 2022 at our department. As a control, we recruited healthy individuals.
Patient-Reported Outcome Measures questionnaires were used to assess long-term results
regarding functionality (LEFS: Lower Extremity Functional Scale), health-related quality
of life (SF-36: Short-Form 36 Health Survey Questionnaire), scar quality (PSAS: Patient
Scar Assessment Scale), aesthetic satisfaction (Aesthetic Likert Scale), pain at rest and

activity (10-point Numeric Rating Scale) and usage of footwear.

Results: Of the 55 potential patients who had received microvascular free flaps for
reconstructions of ankle and foot defects and were eligible for study inclusion, only 13
(23.6%) agreed to participate in this study. The study cohort consisted of 84.6% male
subjects and the mean follow-up period was 8.6 years (+ 5.2). Significant moderate
limitations were observed with regard to physical function of the lower extremity (LEFS:
42.5 + 20.5, p=0.002). Significant limitations were found in the SF-36 subscales of pain
(55.8 = 34.5, p=0.019), physical functioning (55.0 + 29.7, p=0.013), and physical role
functioning (38.5 + 44.0, p=0.006). The study yielded favourable outcomes with regard to
aesthetic satisfaction (14.3 + 4.4) and scar quality (23.5 + 13.5). Out of all patients, 61%

were required to wear orthopaedic shoes or insoles.

Conclusion: Patients undergoing microsurgical reconstructions for ankle and foot defects
experience moderate long-term physical limitations and persistent pain during activity.
Furthermore, we observed a significant long-term impact on specific physical domains of

health-related quality of life, whereas mental health seems less affected.
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Abstract: Background: Defects of the foot and ankle area pose a significant challenge
for both patients and surgeons. While the primary objective of microvascular free flap
reconstructions of lower leg defects is limb preservation, there should be an effort to obtain
the best functional and aesthetic results possible and to restore the patient’s quality of life.
The aim of this study was to investigate the long-term post-operative functional outcome,
health-related quality of life, scar quality, and aesthetic satisfaction in patients following
microsurgical reconstructions of defects of the foot and ankle area. Methods: We conducted
a monocentric, controlled cohort study of adult patients who underwent microsurgical
reconstructions for defects of the foot and ankle area between 2006 and August 2022 at our
department. As a control, we recruited healthy individuals. Patient-Reported Outcome
Measures questionnaires were used to assess long-term results regarding functionality
(LEFS: Lower Extremity Functional Scale), health-related quality of life (SF-36: Short-
Form 36 Health Survey Questionnaire), scar quality (PSAS: Patient Scar Assessment Scale),
aesthetic satisfaction (Aesthetic Likert Scale), pain at rest and activity (10-point Numeric
Rating Scale) and usage of footwear. Results: Of the 55 potential patients who had received
microvascular free flaps for reconstructions of ankle and foot defects and were eligible for
study inclusion, 13 (23.6%) agreed to participate in this study. The study cohort consisted
of 84.6% male subjects and the mean follow-up period was 8.6 years (£5.2). Significant
moderate limitations were observed with regard to physical function of the lower extremity
(LEFS: 42.5 & 20.5, p = 0.002). Significant limitations were found in the SF-36 subscales of
pain (55.8 & 34.5, p = 0.019), physical functioning (55.0 £ 29.7, p = 0.013), and physical role
functioning (38.5 & 44.0, p = 0.006). The study yielded favorable outcomes with regard
to aesthetic satisfaction (14.3 & 4.4) and scar quality (23.5 & 13.5). Out of all the patients,
61% were required to wear orthopedic shoes or insoles. Conclusions: Patients undergoing
microsurgical reconstructions for ankle and foot defects experience moderate long-term
physical limitations and persistent pain during activity. Furthermore, we observed a
significant long-term impact on specific physical domains of health-related quality of life,
whereas mental health seems less affected.

Life 2025, 15, 775

https:/ /doi.org/10.3390/1ife15050775
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1. Introduction

The foot is a specialized part of the body that is primarily responsible for facilitating
upright movement. A variety of anatomic structures engage in specific interactions that
facilitate the mobility that is a familiar aspect of human movement [1,2]. Defects of the
foot disrupt this interaction, thereby imposing a significant limitation on affected patients
and rendering treatment challenging. In the context of extensive soft tissue defects, skin
grafts are unable to provide their own vascular supply and are, therefore, unsuitable for
use in weight-bearing areas of the foot [3]. Local or pedicled flaps can often be an effective
solution, but they may not be available in cases of larger or more distally located defects [4].
In such instances, microvascular free flaps may be employed, as they are not only ideal for
extensive defects but also allow for the restoration of lost function and provide healthy
tissue for a better aesthetic appearance [5,6]. In the event of severe trauma to the lower
leg, operating surgeons are frequently confronted with a complex reconstruction challenge.
Due to its characteristics, the foot and ankle region is a surgically challenging anatomical
structure [7,8]. While defects of the weight-bearing plantar region necessitate robust tissue
to withstand high pressure and shear forces, defects of the ankle and the dorsal region
require pliable and thinner tissue to adapt to the natural contours of the area [9]. In addition,
the foot contains numerous vulnerable structures, including tendons, nerves and blood
vessels. The lack of protective tissue, particularly in the dorsal area, renders those structures
susceptible to injury and further complicates the reconstruction process [1]. In situations
where local reconstructive techniques prove inadequate for safeguarding vital structures,
microsurgical reconstruction is necessary [10,11].

The main goal of microvascular free tissue transfers in lower leg defects is the preserva-
tion of the limb [11]. Studies found that individuals who underwent reconstructive surgery
following foot trauma exhibited a reduced prevalence of physical and mental limitations
when compared to those who underwent amputation of the injured foot [12]. However, the
goals of lower extremity reconstruction are multifaceted and have enduring effects on the
patient’s psychological and functional well-being. It is, therefore, imperative to strive for
optimal functional and aesthetic outcomes, in addition to restoring the patient’s quality of
life following microvascular reconstruction [13]. In the context of lower extremity recon-
struction, the most prevalent microsurgical reconstruction techniques are either muscle or
fasciocutaneous flaps. Both types of free tissue transfer have comparable success rates in
terms of flap survival, limb salvage, and functional recovery in lower extremities following
traumatic injury. However, with regard to aesthetic outcomes, studies indicate that fas-
ciocutaneous flaps yield superior results compared to muscle flaps [14-16]. Although no
differences were observed in flap contour, bulkiness, color matching, or scarring, patients
who received fasciocutaneous flaps for lower extremity reconstructions expressed higher
satisfaction with flap texture than those who received muscle flaps. Unlike fasciocutaneous,
which typically offer a more natural appearance, muscle flaps require skin grafts that often
result in visible textural differences [11,17]. Nevertheless, patients frequently expressed
dissatisfaction with the bulkiness and missing contours of the utilized flap following lower
extremity reconstruction [17,18]. The aesthetic component is of great importance to patients,
as demonstrated by the frequent desire for secondary refinement following lower extremity
free flap procedures [19]. This subjective perception of the aesthetic aspect is of particular
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importance, as patients who reported higher levels of aesthetic satisfaction tend to exhibit
superior health-related quality-of-life outcomes [20].

In examining the health-related quality of life, it is essential to consider it within the
context of the bio-psycho-social model [21]. This model considers the physical factors that
contribute to overall well-being while emphasizing the importance of mental health and
social factors [21,22]. A number of studies have demonstrated a strong correlation between
enhanced physical capabilities and improved mental health, as well as a strong positive
correlation between foot health and quality of life in patients who have suffered lower
limb trauma [12,23]. Patients who have experienced severe trauma frequently encounter
not only physical limitations and significant pain that impair their functioning and social
activities but also mental health conditions such as anxiety and depression [7,24]. Social
isolation, inability to work and the stigma associated with disability within society can
contribute to these mental health issues [12]. Studies found that patients often experience a
significant level of pain following lower limb reconstruction, which serves to exacerbate
existing physical limitations [7].

While severe lower extremity defects can have a profound impact on patients’ lives,
understanding their disease-specific perspectives and the effects of treatments is crucial
for informed decision-making [13]. The aim of this study was to examine the long-term
functional outcomes and quality of life in patients who had undergone microvascular
reconstructions of the lower extremity, as well as the impact of various factors, including
scar quality, pain, and aesthetic satisfaction, from a patient-centric perspective. Long-
term data on microvascular reconstruction of the foot and ankle, particularly regarding
functionality and quality of life from a patient-centric perspective, remain scarce. The
findings of this study provide a comprehensive understanding of the lived experience of
patients who have undergone microvascular reconstructions of the foot and ankle region.

2. Materials and Methods

This monocentric, controlled cohort study was conducted in accordance with the
principles set forth in the Declaration of Helsinki. Approval was granted by the institutional
ethics committee (34446 ex 21/22, 5 August 2022) of the Medical University of Graz. The
methods were carried out in accordance with the relevant guidelines and regulations.
Informed consent was obtained from all individual participants included in the study.

2.1. Patients and Data Collection

We searched the electronic patient records in the institutional database using codes of
German Procedure Classification (5-905.0, 5-905.0f, 5-905.0g, 5925, 5-925.4, 5-925.4f, 5-925.4¢,
5-906.0, 5-906.0f, 5-906.0g) to identify patients who had undergone microvascular free flap
reconstructions of the foot and ankle region and treated at the Division of Plastic, Aesthetic, and
Reconstructive Surgery, Department for Surgery, University Hospital Graz, between January
2006 and August 2022. Subsequently, data were manually retrieved and reviewed from medical
and operative reports, outpatient notes, and pre-operative anesthetic records.

The patient-related variables included demographic data (age, gender, body mass
index (BMI), smoking status), as well as comorbidities and the American Society of Anes-
thesiologists (ASA) classification. Foot and ankle defect-related data included etiology
and localization of the defect, with distinctions made between specific locations on the
foot, the ankle, and the distal third of the lower leg. The foot and ankle were anatomically
defined as beginning at the proximal margin of the ankle joint. The distal third of the
lower leg was defined anatomically as extending to the proximal aspect of the malleolus.
The peri-operative data set contained the overall operating time, the arterial and venous
anastomotic vessels of the recipient site, the anastomosis type (end-to-end or end-to-side)
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and the flap type. The post-operative data set included information on complications
related to the free flap procedure and the necessity for revision surgery.

2.2. Controlled Cohort Study Design

All patients who underwent microvascular free flap reconstructions identified were
contacted via telephone and were invited to participate in a long-term re-evaluation in
our outpatient setting. Patients unable to attend the evaluation in person were provided
with study-specific questionnaires via postal delivery. With these patients, the question-
naires were completed together over the phone with a trained member of the study team.
Afterward, the completed questionnaires were sent back via postal delivery for further
analysis. Patient-reported outcome measures (PROM) were employed to assess long-term
functionality, scar quality, aesthetic appearance, health-related quality of life, pain, and
footwear. The following PROM were utilized: The Lower Extremity Functional Scale
(LEFS), the Patient Scar Assessment Scale (PSAS), the Aesthetic Likert Scale, the Short Form
36 Health Survey Questionnaire (5F-36), and the numeric rating scale for pain (NRS). We
recruited a healthy control group (HC) to compare their patient-reported data to the results
evaluated in the long-term follow-up. Patients for the control group were recruited by
a physician from our study team in the outpatient clinic of our Department of Surgery,
Division of Plastic, Aesthetic, and Reconstructive Surgery. These patients were scheduled
for minor elective procedures, such as blepharoplasty or mole excision. Only subjects
with no history of ankle or foot defects and no history of lower extremity surgery were
included as control subjects. To ensure comparability with the free flap group (FFG), we
implemented a structured selection process. Before approaching potential controls, we
assessed their eligibility based on gender to ensure a comparable distribution of this pa-
rameter. Once a preliminary match was identified, we reviewed their medical history to
confirm the absence of comorbidities that could affect lower limb function or quality of life.
Only after completing this assessment did we invite patients to participate in the study as
controls. Due to missing plausibility, we excluded questionnaires assessing scar quality
and aesthetic outcome, pain and footwear within the HC.

2.2.1. Patient-Reported Outcome Measures
Lower Extremity Functional Scale

The long-term functional outcome following surgery was assessed using the validated
German version of the Lower Extremity Functional Scale (LEFS), a highly reliable with 0.98
and internally consistent (Cronbach alpha = 0.95) tool to assess functional impairment across
a variety of conditions affecting the lower extremity [25,26]. The LEFS is a patient-reported
measure comprising 20 items, with a score ranging from 0 (indicating extreme difficulty or
inability to perform activity) to 4 (no difficulty) [25]. By summing the scores of the individual
items, the total score can be obtained. Scale scores may range from 0 to 80, with higher scores
indicating superior physical functioning. Scores between 61 and 80 are indicative of normal or
minimally limited functioning, while scores between 41 and 60 reflect moderate functional
limitations. Scores below 40 are classified as severe functional impairments [25,27].

Patient Scar Assessment Scale

The scar quality was evaluated using the validated German 2.0 version of the Patient
Scar Assessment Scale (PSAS). It is a reliable, widely validated and frequently used scare
assessment scale to measure scar quality in all types of scares (reliability = 0.73, internal
consistent with Cronbach alpha = 0.76) [28]. In this study, the objective was to exclusively
analyze the patients’ subjective view of the foot and ankle without considering the ob-
servers’ view. The patient-reported scale comprises six items, each rated on a scale of 1
to 10, and assesses the following characteristics: pain, itch, color, stiffness, thickness, and
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irregularity. The total score is calculated as the sum of the individual item scores, with
higher scores reflecting a poorer quality of scar. Additionally, an item designated as “overall
impression” is rated on a 1 to 10 scale. However, this item is not included in the total score
and is analyzed independently [28,29].

Aesthetic Likert Scale

A 5-point Likert scale, a non-validated subjective questionnaire in German for evaluating
aesthetic outcomes of free flap reconstructions, was used to assess patient satisfaction with
the aesthetic appearance of the reconstructed limb. The 5-point Likert scale was designed to
evaluate four specific attributes pertaining to the reconstructed ankle and foot region: shape,
color, texture and general appearance. Each item can be evaluated on a scale of 1 to 5 points. A
score between 17 and 20 is indicative of an excellent aesthetic outcome, while a score between
14 and 16 is indicative of a good result. A score of 10 to 13 points is classified as mediocre.
An aesthetic result is deemed unsatisfactory when the patient scores between 7 and 9 points.
A score between 4 and 6 points indicates that the patient is completely dissatisfied with
the aesthetic outcome. The questionnaire has previously been employed in the subjective
evaluation of aesthetic outcomes of free flaps in lower extremity reconstruction [17].

Short-Form 36 Health Survey Questionnaire

We used the widely validated German version 1.0 of the SF-36 to assess the post-
operative health-related quality of life (HRQoL). The HRQoL is concerned with the impact
of health on an individual’s capacity to lead a fulfilling life. It represents the extent to which
an individual’s daily life is affected by health issues, encompassing physical, emotional,
and social factors [27,30,31]. The patient-reported questionnaire comprises 36 items which
can be summarized into eight domains: pain, physical functioning, vitality, general health
perceptions, physical role functioning, emotional role functioning, social role functioning,
and mental health/emotional wellbeing. The scores for each domain were calculated using
standard norm-based scoring methods [32,33]. The SE-36 is the most widely used and well-
validated health status instrument and one of the most responsive and most extensively
tested PROMs with a reliability up to 0.92 and an internal consistency up to 0.83 [34].

Numeric Rating Scale for Pain

The subjective pain was evaluated using the 10-point Numeric Rating Scale (NRS),
which is considered as the first-choice measure of pain intensity. Patients were required
to quantify their pain on a scale from 0 (no pain) to 10 (the worst pain imaginable). We
evaluated the patients’ pain both at rest and during activity [35,36].

Footwear

A brief, non-validated questionnaire, adapted from a previous study on the long-term
outcomes of microsurgical reconstructions of the plantar foot, was devised to evaluate the
footwear worn by patients [7]. The objective was to ascertain whether patients wore regular
footwear, orthopedic shoes, or orthopedic insoles. Moreover, we investigated whether
patients experienced side effects associated with footwear, such as discomfort or irritation
from pressure points [37].

2.3. Statistical Analysis

All statistical analyses were performed using IBM® SPSS® (Statistics 28, Armonk,
North Castle, NY, USA). The statistical evaluation included the calculation of means or
medians, as well as the determination of standard deviations (SD) or ranges for continuous
or ordered variables. Additionally, relative frequencies were ascertained for categorical
factors. In instances where data exhibited a parametric distribution, the Shapiro-Wilk test
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was employed for analysis. Continuous data were examined using two-tailed t-tests or the
non-parametric Mann-Whitney U test, while Fisher’s exact test was applied for categorical
data analysis. Bivariate correlations were analyzed using Pearson correlations with the
exception of gender, smoke status complications and revisions, which were calculated with
Spearman correlations. We performed a sample size calculation using G*Power (Heinrich
Heine University Diisseldorf, Diisseldorf, Germany; Version 3.1.9.4). The power analysis
indicated a minimum requirement of 12 patients in total to achieve a power of 80% with a
significance level of 0.05. This calculation was based on previous studies using the LEFS in
patients with lower leg reconstructions [38] as well as in healthy control patients [39]. A
p-value of less than 0.05 was considered statistically significant.

3. Results
3.1. Demographic Data

Of the 55 potential patients who were eligible for inclusion in the study, only 13 (23.6%)
agreed to participate. The cohort consisted of 84.6% male (11/13) and 15.4% female (2/13)
participants, with a mean age of 50.9 years (SD =+ 11.9) at the time of reconstructive surgery.
The mean age at the time of follow-up was 59.0 years (SD £ 10.4). The mean follow-up
period was 8.6 years (SD = 5.2) years. A demographic overview of the patient cohort is given
in Table 1. A total of 16 healthy control subjects were included in the study, consisting of
87.5% men (n = 14) and 12.5% (n = 2) women, with a mean age of 51.1 years (SD =+ 11.3). No
significant differences were observed in gender (p = 0.617), age (p = 0.063), BMI (p = 0.541)
and smoking status (p = 0.513) between the FFG and the HC. We found significant differences
in every comorbidity between FFG and HC, with the HC being significantly healthier (respec-
tively p < 0.001). No significant correlations could be found between gender, age at trauma,
BMI, smoke status and complications, revisions and follow-up (Table S1). A defect situation
following a soft tissue infection of the right foot is presented, along with post-operative images
showing foot reconstruction with a free latissimus dorsi flap and the long-term outcome of
the recipient site at a 1.5-year follow-up, as depicted in Figure 1.

Table 1. Demographic characteristics and ASA scores.

Characteristics, n (%) FFG HC
Number of patients 13 16
Gender
Male 11 (84.6) 14 (87.5)
Female 2 (15.4) 2 (12.5)
Age at surgery (years), mean (SD) 50.9 (11.9)
Age at follow-up (years), mean (SD) 59.0 (10.4) 51.1 (11.3)
BMI (kg/mz), mean/median (SD/range) 26.9/26.5 (4.0/21.1-33.0) 25.9/25.4 (4.3/20.3-36.3)
Non-smoker 7 (53.8) 8 (50.0)
Smoker 6 (46.2) 4(25.0)

Follow-Up (years), mean/median (SD/range)
Comorbidities, n (%)

8.6/9.4(5.2/0.9-17.1)

Cardiovascular 7 (53.8) 3(18.8)
Diabetes mellitus 3(23.1) 2 (12.5)
Neurological 4 (30.8) 0(0)
Malignancy 2 (15.4) 0(0)
Musculoskeletal 1(7.7) 0(0)
Peripheral Artery Disease 3(23.1) 0(0)
Kidney 1(7.7) 0 (0)
Rheumatic 1(7.7) 0(0)
ASA Score, n (%)

ASA1 3(23.1)

ASA I 5(38.5)

ASA 111 4 (30.8)

ASAIV 1(7.7)

FFG: free flap group; HC: healthy control group; SD: standard deviation; BMI: body mass index; ASA: American

Society of Anaesthesiologists classification.
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Figure 1. Reconstruction of an extensive foot defect using a free latissimus dorsi flap: (A) pre-
operative foot defect with exposed functional structures; (B) post-operative foot reconstruction with
free latissimus dorsi flap in combination with split-thickness skin graft; (C) long-term outcome of the
recipient site at a 1.5-year follow-up.

3.2. Defect Characteristics and Peri-Operative Data

The most common indications for free flap reconstructions within our study cohort were
traumatic injury and infection (Table 2). In the overall cohort, the distal third of the lower
leg was affected in 38.5% (5/13) of cases. With regard to the foot, the dorsum was affected in
30.8% (4/13) of patients. Table 2 provides a comprehensive overview of the etiologies and
locations of all defects. The most utilized free flap was the gracilis free flap. This finding
was observed in 53.8% (7/13) of all patients. In total, six different flap types were utilized for
reconstructive procedures within the cohort (Table 2). Four patients (30.8%) received external
fixation, and two patients (15.4%) underwent open reduction and internal fixation.

Table 2. Defect characteristics, flap types and peri-operative data of FFG.

Etiology, n (%) FFG (n=13)
Trauma 5(38.5)
Infection 4(30.8)
Vascular disease 3(23.1)
Malignancy 1(7.7)
Localization, n (%)
Distal third of lower leg 5 (38.5)
Dorsum pedis 4(30.8)
Planta pedis 3(23.1)
Calcaneus 3(23.1)
Medial malleolus 1(7.7)
Achilles tendon region 1(7.7)
Lateral malleolus 0(0.0)
Flap Type, n (%)
Gracilis flap 7 (53.8)
Lateral arm flap 2 (154)
Latissimus dorsi flap 1(7.7)
Scapula flap 1(7.7)
Vertical rectus abdominis flap 1(7.7)
Medial femur condyle flap 1(7.7)
Operation time (minutes), mean/median (SD/range) (9?;;; /522513?;;)1)
Recipient Vessels, n (%)
A./V. tibialis posterior 7 (53.8)
A./V. tibialis anterior 4(30.8)
A./V. dorsalis pedis 1(7.7)

A./V. poplitea 1(7.7)
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Table 2. Cont.

Flap Type and Recipient Artery

GFF—A./V. tibialis anterior 4(30.8)
GFF—A./ V. tibialis posterior 3(23.1)
LAF—A./V. tibialis posterior 2(15.4)
LDM—A./V. tibialis posterior 1(7.7)
SFF—A../V. tibialis posterior 1(7.7)
VRAM—A./V. poplitea 1(7.7)
MFC—A./V. dorsalis pedis 1(7.7)
Arterial Anastomosis, n (%)
End-to-Side 8 (61.5)
End-to-End 4(30.8)
Unknown 1(7.7)

FFG: free flap group; SD: standard deviation; A: Arteria; V: Vena; GFF: gracilis free flap; LAF: lateral arm flap; LDM:
latissimus dorsi flap; SFF: scapula flap; VRAM: vertical rectus abdominis flap; MFC: medial femur condyle flap.

3.3. Flap-Related Complications and Revision Surgery

Table 3 presents an overview of complications and revision surgeries relating to flaps.
The flap success rate within the FFG was 100% (13/13). Flap-specific complications were
observed in 38.5% (5/13) of all patients. The most prevalent complications were wound
healing disorders (30.8%, 4/13) and infections (15.4%, 2/13). Wound healing disorders
were observed in 14.3% (1/7) of gracilis free flaps and 50.0% (1/2) of lateral arm flaps with
such disorders being present in every other used flap type. Infection was observed in one
case of the latissimus dorsi flap and one case of the scapula flap. Furthermore, one of the
two lateral arm flaps exhibited evidence of thrombosis. Revision surgery was performed in
four of the 13 patients (30.8%).

Table 3. Flap-related complications and revision surgery.

Flap Success Rate, n (%) 13 (100%)
Partial Flap Loss 0(0.0)
Complete Flap Loss 0(0.0)

Flap-Related Complications, n (%) 5(38.5)
Wound healing disorder 4 (30.8)
Haematoma 0(0.0)
Thrombosis 1(7.7)
Infection 2 (15.4)
Seroma 0(0.0)

Flap-Specific Complications Dependent on Location

Distal third of the lower leg 2

Calcaneus 2

Dorsum pedis 1

Planta pedis 1

Achilles tendon region 1
Revision Surgery, n (%) 4 (30.8)
Number of Revision Surgeries

1 2 (15.4)

2 1(7.7)

3 0

4 1(7.7)
Refinement Surgery, n (%)

Yes 3(23.1)

No 10 (76.9)

3.4. Long-Term Follow-Up
3.4.1. Long-Term Functional Outcome

The mean total LEFS score was significantly lower within the FFG (42.5 £ 20.5)
compared to the healthy controls (68.7 & 19.6) (p = 0.002), indicating that the patients in
our prospective cohort are experiencing moderate functional limitations in day-to-day
activities (Table 4). The total LEFS score showed a significant negative correlation with the
NRS at rest (p = 0.015) and during activity (p = 0.041) (Table S2). Additionally, a positive



Life 2025, 15, 775

90f19

association was found with the total score of the Aesthetic Likert scale (p = 0.009) (Table S2).
A significant negative association was observed between smoking status and LEFS scores
(p = 0.005) (Table S3).

Table 4. Long-term results of functionality, health-related quality of life, scar quality, aesthetic

outcome and pain after microvascular free flap reconstruction of the foot and ankle.

p-Value Effect Distal Third of
FFG HC (FFG vs. HC) Size Foot/Ankle Lower Leg
Number of patients (n) 13 16 8 5
LEFS, 42.5/43.0 68.7/78.0 0002 127 37.5/39.5 50.6/43.0
mean/median (SD/range) [0-80] (20.5/5-80) (19.6,/23-80) : : (19.2/5-68) (21.9/23-80)
SF-36,
mean/median (SD/range) [0-100]
. 55.8/55.0 83.8/100 51.3/55.0 63.0/57.5
b
Pain (34.5/0.0-100) (27.2/22.5-100) 0.019 0-905 (35.1/0.0-100) (36.0/22.5-100)
. . 55.0/45.0 83.8/97.5 50.0/55.0 63.0/45.0
Physical functioning (29.7/0.0-100) (27.2/25.0-100) 0.013 0.987 (29.3/0.0-80.0) (31.7/35.0-100)
. 56.5/60.0 63.1/67.5 53.8/60.0 61.0/65.0
b
Vitality (20.6/5.0-80.0) (22.5/25.0-100) 0.422 0.296 (22.3/5.0-80.0) (18.8/30.0-80.0)
. o 38.5/25.0 82.8/100 31.3/125 50.0/25.0
Physical role functioning (44.0/0.0-100) (29.9/0.0-100) 0.006 117 (43.8/0.0-100) (46.8/0.0-100)
Emotional role 66.7/100 77.1/100 0619 024 62.5/100 73.3/100
functioning 2 (47.1/0.0-100) (37.9/0.0-100) : : (51.8/0.0~100) (43.5/0.0~100)
. . 85.6/87.5 89.1/100 82.8/87.5 90.0/100
Social functioning * (17.6/50.0-100) (20.3/50.0-100) 0.374 0.177 (18.8/50.0-100) (16.3/62.5-100)
. U 70.6/80.0 78.3/82.0 69.3/80.0 72.8/80.0
Emotional well-being (23.7/28.0-96.0) (18.5/44.0-100) 0.329 0.354 (24.3/30.0-96.0) (25.5/28.0-92.0)
General health 60.4/65.0 67.8/65.0 0.418 0298 58.1/62.5 64.0/75.0

PSAS
mean/median (SD/range)

Total score [6-60]
Pain

Itch

Color

Stiffness
Thickness
Irregularity

Overall impression [1-10]

Aesthetic Likert Scale, mean/median
(SD/range) [4-20]

Total score
Form
Color

Texture

General
appearance
Pain,
mean/median (SD/range) [0-10]
At Rest
At Activity
Footwear, n (%)
Regular footwear
Orthopedic shoes
Orthopedic insoles
Problems caused by footwear
Regular footwear
Orthopedic shoes
Orthopedic insoles

(25.8/20.0-90.0)

(22.9/30.0-100)

(25.1/20.0-90.0)

(29.5/30.0-90.0)

23.5/255 22.7/23.0 24.6/28.0
(13.5/6-46) (13.0/6-38) (15.6/6-46)
22/1.0 1.6/1.0 3.0/2.0
(2.0/1-8) (1.0/1-3) (2.9/1-8)
23/15 1.7/1.0 3.0/2.0
(1.8/1-7) (1.0/1-3) (2.6/1-7)
49/5.0 47/5.0 52/5.0
(2.9/1-10) (2.6/1-9) (3.5/1-10)
47/5.0 5.0/6.0 42/5.0
(2.9/1-9) (3.4/1-9) (2.3/1-7)
45/35 46/3.0 44/4.0
(3.0/1-9) (3.5/1-9) (2.6/1-7)
5.0/5.0 5.1/6.0 48/4.0
(3.5/1-10) (3.6/1-10) (3.7/1-10)
44/40 46/4.0 42/4.0
(3.0/1-9) (3.3/1-9) (2.8/1-7)
14.3/15 13.8/13.0
(4.475-20) 14.6/16.0 (4.8/5-20) (43/9-20)
3.8/4.0 3.9/4.0 3.6/4.0
(1.2/1-5) (1.3/1-5) (1.1/2-5)
3.3/35 3.6/4.0 3.0/2.0
(1.4/1-5) (1.4/1-5) (14/2-5)
3.7/4.0 3.6/4.0 3.8/4.0
(0.9/2-5) (1.0/2-5) (0.8/3-5)
35/4.0 3.6/4.0 3.4/3.0
(1.2/1-5) (1.3/1-5) (1.1/2-5)

1.0/0.0 (1.3/0-4)
3.3/3.0(3.2/0-9)

1.2/0.5(1.6/0-4)
4.0/35(3.8/0-9)

0.8/0.0 (1.1/0-2)
2.4/3.0 (2.3/0-5)

5(38.5) 2(25.0) 3(60.0)
7(53.8) 6 (75.0) 1(20.0)
1(7.7) 0 1(20.0)
7(53.8) 5(62.5) 2(40.0)
2 1 1
4 4 0
1 0 1

FFG: free flap group; HC: healthy control group; SD: standard deviation; LEFS: lower extremity functional scale;
SF-36: short-form 36 healthy survey questionnaire; PSAS: patient scar assessment scale.

3.4.2. Long-Term Health-Related Quality of Life and Pain

When compared to the healthy controls, mean scores were significantly lower within
the prospective cohort regarding the subcategories pain (p = 0.019), physical functioning
(p =0.013), and physical role functioning (p = 0.006). No significant differences were
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observed in vitality, emotional role functioning, social role functioning, mental health,
or general health perception (Table 4). Most of the subcategories (physical functioning,
physical and emotional role functioning, vitality, pain and general health of SF-36 showed
a significant negative correlation between LEFS scores (Table S2). A significant negative
association was found between smokers and the SF-36 subcategories of physical and
emotional role functioning, emotional well-being, pain, social functioning, and general
health (Table S3). The mean NRS score as reported in the FFG was 1.0 (SD =+ 1.3) for
rest and 3.3 (SD + 3.2) for activity. Vitality, emotional well-being, and general health
were significantly negatively associated with pain at rest and during activity (Table S2).
No associations were found between NRS at rest or during activity and demographic or
surgery-related characteristics (Tables S3 and 54).

3.4.3. Long-Term Scar Quality and Aesthetic Satisfaction

Using the patient-reported PSAS, a mean total score of 23.5 (SD =+ 13.5) was reported.
Using the 5-point Aesthetic Likert Scale, patients achieved a mean score of 14.3 (SD + 4.4),
indicating a favorable aesthetic outcome. Table 4 presents the results for all subscales, as
well as the overall scores for the patient-reported PSAS and the 5-point Aesthetic Likert
Scale. We found significant negative associations between age at follow-up and PSAS
sub-scores for pain, color, stiffness, thickness, and irregularity. No significant associations
were found for the PSAS sub-score itching (Tables S5 and S6) in relation to demographic and
surgery-related characteristics. The total score of the Aesthetic Likert Scale was significantly
positively associated with the following subcategories of the SF-36: vitality, emotional well-
being, pain, and general health (Table S2). Smoking status had a significant impact on
perceived texture in the Aesthetic Likert Scale, whereas no associations were found for the
other sub-scores of the Aesthetic Likert Scale concerning demographic and surgery-related
characteristics (Tables S5 and S6).

3.4.4. Long-Term Usage of Footwear

The majority of the individuals of the FFG (61.5%, 8/13) stated that they required
orthopedic footwear or insoles due to the free flap transfer (Table 4). A total of 53.8% (7/13)
of patients reported experiencing footwear-related issues since receiving the free flap with
most of them (71.4%, 5/7) already using orthopedic shoes or insoles. Patients undergoing
reconstruction of the distal third of the lower leg (n = 5) predominantly wore normal shoes
(3/5, 60%), while the majority of patients undergoing reconstruction of the foot/ankle (6/8,
75%) wore orthopedic footwear.

4. Discussion

The foot and ankle are integral to the mobility that is a fundamental aspect of human
functioning. Trauma to this area can have a profound impact on an individual’s physical
and mental well-being affecting their ability to engage in daily activities, work, and social
interactions [12,24]. In cases of extensive soft tissue defects, injuries located distally, and ex-
posed bones or tendons, conventional methods such as skin grafts, local flaps, and pedicled
flaps may prove inadequate for providing adequate coverage. In order to address these
challenges, free flaps have become a pivotal tool for achieving effective defect coverage in
complex lower extremity trauma [3-5]. The use of free flaps in microsurgical reconstruction
for severe lower limb injuries has significantly reduced amputation rates and improved
functional outcomes [12,36,37]. Despite relatively high rates of post-operative complica-
tions, it remains a safe and reliable approach for addressing intricate defects, with flap
success rates exceeding 90% [20,38-43].
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The aim of this study was to assess the long-term functional outcomes and health-
related quality of life in patients who had undergone microvascular reconstructions of
the foot and ankle region. The influence of various factors, such as scar quality, aesthetic
satisfaction, pain, and footwear use, was evaluated from a patient-centric perspective.
To this end, a patient-centric approach was employed, with the use of patient-reported
outcome measures (PROMs) to assess the patients’ self-perspective regarding the long-term
results. The data presented herein offer valuable insights into patients’ daily activities,
social interactions, emotional state and overall well-being [11,44,45]. Although patients
exhibited satisfactory long-term functional outcomes, they did not attain the same degree
of perceived functionality as the healthy control cohort. Patients reported that they con-
tinued to experience limitations in certain aspects of their health-related quality of life.
Significant limitations were reported with regard to daily activities and footwear choices.
Moreover, they reported significant levels of pain during physical activities. The following
sections present our findings regarding long-term functionality, health-related quality of
life, aesthetic satisfaction, scar quality, pain, and footwear usage.

4.1. Long-Term Functionality After Microsurgical Reconstruction of Foot and Ankle Defects

While the main objective of free frap transfers in foot and ankle defects is limb salvage,
it is imperative to restore physical function for the patient’s overall quality of life [12].
Despite the success of the reconstructive procedure from the surgeon’s perspective, patients
continue to experience long-term functional limitations, as shown in our controlled study
cohort. We evaluated a mean LEFS score of 42.5 (£20.5), indicating a moderate long-term
impairment of physical functionality of the lower extremity. This score is significantly
lower than that observed in the HC (mean LEFS: 68.7 &= 19.6, p = 0.002). These findings are
consistent with the current literature, which predominantly reports moderate functional
impairments, with mean LEFS scores ranging from 45.1 to 64.7 in studies evaluating long-
term results after free flap reconstructions of the lower extremity [12,46—49]. In cases of
severe foot trauma, it can be challenging for both the patient and the surgeon to determine
whether to pursue limb salvage or amputation [11,49,50]. Although amputation results
in a lower incidence of complications and re-operations and is associated with shorter
hospitalization and an earlier return to work, individuals who undergo this procedure
are prone to chronic (phantom) pain and a higher prevalence of physical and mental
limitations [6,12,51,52]. A study by Krijgh et al. [12] analyzed the long-term outcomes
regarding mental health and physical function in patients with severe lower limb trauma.
In addition to the moderate physical impairment observed in patients with lower extremity
injuries treated with free flaps, those who undergo amputation are more likely to experience
higher levels of physical impairment than those who receive free flaps [12].

In light of the unique anatomical and functional demands of the foot, it is note-
worthy that patients who underwent microsurgical reconstruction of defects in the
weight-bearing plantar foot area exhibited moderate limitations in lower extremity phys-
ical functionality [46]. The literature on challenges in the lower extremity is extensive,
with evidence indicating that proximal leg injuries tend to result in superior functional
outcomes compared to those involving the foot and ankle [37]. The functional outcomes
related to the anatomical involvement of the lower extremity were similar in our patient
cohort (Table 4). Our results showed strong associations between perceived long-term
functionality and pain, aesthetic perception, smoker status as well as the most aspect of
HRQoL (Tables S2 and S3). These results indicate an intricate interplay between physical,
psychological, and social factors [21]. Individuals with physical disabilities are con-
strained not only in their daily activities and work life but also in their opportunities for
social interactions and meaningful interpersonal exchange. This, in turn, can contribute
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to social isolation, a decline in mental health, and a reduction in overall quality of life.
This underscores the strong interdependence between functional ability and specific
domains of quality of life [53].

4.2. Long-Term Health-Related Quality of Life After Microsurgical Reconstruction of Foot and
Ankle Defects

The term HRQoL describes a multidimensional concept that refers to the impact
of an individual’s health status—including physical, mental, emotional, and social well-
being—on their overall quality of life. It encompasses the subjective assessment of the
effects of disease, disability, or treatment on an individual’s daily functioning and well-
being from that individual’s perspective. HRQoL is concerned with the impact of health
on various aspects of an individual’s life, including physical functioning, pain, fatigue,
emotional distress, and the ability to engage in social roles and activities. It does not
encompass broader life circumstances such as financial or environmental factors [30,54].
The interconnectivity between physical limitations, mental health, social relationships, and
emotional well-being is profound, with each domain exerting a substantial influence on
the others [12,51]. Severe lower limb trauma can result in life-altering physical disabilities
that can limit social interactions and contribute to declines in mental health and emotional
well-being, ultimately leading to a reduction in HRQoL [13]. In this study, the widely used
and validated SF-36 was employed to assess the patients’ long-term HRQoL [32,33].

In accordance with perceived functionality (LEFS), our FFG exhibited significantly
diminished scores in the domains long-term “physical functioning” (p = 0.013), “physical
role functioning” (p = 0.006), and “pain” (p = 0.019) when compared to the HC (Table 4).
These comparative results of the physical component of the SF-36 are consistent with those
of the normative German sample for individuals aged 50-59 years old [54], providing
further evidence for the comparability of our small healthy control group. In accordance
with the long-term functionality outcomes, patients with distal thigh defects exhibited
superior scores in physical components of the SF-36 questionnaire compared to those
involving the foot and ankle (Table 4) [54]. In a recent study regarding microsurgical
reconstruction of the lower extremity, long-term HRQoL was assessed with the SF-36
questionnaire [47]. Despite comparable patient age and shorter follow-up time with a
median of 4.0 years, the long-term results for the physical components of SF-36 were found
to be superior in the study by List et al. compared to our FFG group [47]. In their cohort
(n =100), 15% of individuals were identified as smokers, whereas in our FFG (n = 13), the
prevalence of smoking was 46.2% [47]. Individuals who smoke tend to report lower SF-36
scores across both physical and mental health components [55]. These results align with
the findings in our cohort, where a significant association was observed between smoking
status and the SF-36 subcategories of physical and emotional role functioning, emotional
well-being, pain, social functioning, and general health (Table S3). Furthermore, our cohort
included a higher proportion of foot and ankle defects, which are associated with lower
physical function compared to more proximal injuries [37].

In contrast to the notable discrepancies observed in the physical components of the SE-
36, no statistically significant differences were identified in any of the mental components
(vitality, social functioning, emotional role functioning, and emotional well-being) when
comparing our FFG to the HC (Table 4). Just as in the physical components in the HC,
comparable results were observed in the mental components with the normative German
sample for individuals aged 50-59 years old [54]. In light of these findings, it can be
concluded that microsurgical reconstruction of lower extremity defects exerts a long-term
influence on specific physical components, rather than on mental aspects. A review of
the literature reveals that individuals who have undergone amputation due to complex
lower extremity trauma are at an elevated risk of developing chronic pain, physical and



Life 2025, 15, 775

13 of 19

mental limitations, depression, and a reduced HRQoL when compared to patients who
have undergone reconstruction [6,51,52,56]. The necessity for amputation represents a
significant and distressing life event for many patients, rendering limb salvage a more
psychologically acceptable alternative to amputation [57]. With regard to the emotional
aspects of the SF-36, amputation can exert a range of effects. The available evidence suggests
that amputees tend to report lower scores in the domains of “emotional well-being” and
“emotional role functioning”. Factors such as body image issues, depression, and challenges
in fulfilling emotional roles contribute to a reduction in emotional well-being. Furthermore,
individuals who have undergone amputation may encounter constraints in their social
activities and interactions, which can be attributed to both physical limitations and social
stigma associated with the condition [58].

Although the long-term SF-36 scores were relatively favorable, our patients reported
long-term limitations in specific physical health aspects of HRQoL. Conversely, no signifi-
cant long-term impact was observed in the mental health aspects of the SF-36. Nevertheless,
mental health is an important determinant of physical health [12]. Although our patients
exhibited mental component scores comparable to those of our HC, it is imperative to
integrate psychological support, physical therapy, and occupational therapy as integral
components of standard care for patients experiencing severe lower limb trauma [7,12,20].
It is, therefore, feasible to facilitate the reintegration of patients with physical or mental
impairments following major lower extremity injuries into daily routines, social networks,
and work life in the long-term [53,59].

4.3. Long-Term Aesthetic Satisfaction and Scar Quality After Microsurgical Reconstruction of Foot
and Ankle Defects

Aesthetic satisfaction is closely associated with enhanced HRQoL scores [20]. Patients’
perceptions of their overall well-being are significantly influenced by the appearance of their
reconstructed limb, underscoring the importance of considering aesthetic factors as integral
components of lower limb reconstruction [19]. This is supported by our data, where we
found a strong positive association between aesthetic satisfaction and emotional well-being,
as well as other HRQoL components such as vitality, pain, and general health (Table S2).
Despite improvements in flap success rates, the majority of patients remain dissatisfied
with aesthetic outcomes, particularly regarding bulkiness and loss of contour, which were
identified as key aesthetic concerns [7,17]. Additionally, scarring not only visibly impacts
the aesthetic outcome but also leads to symptoms such as erythema, burning sensations,
pruritus, and pain. Such symptoms can cause considerable discomfort, thereby further
reducing HRQoL [60]. This study revealed that long-term outcomes for perceived aesthetic
appearance and scar quality were satisfactory to good. The scar quality was reported to be
favorable (pain, itch) to moderate (color, stiffness, thickness, and irregularity). In contrast,
the aesthetic appearance, including form, color, and texture, was perceived as good. In our
FEG, color was identified as the most negatively perceived aesthetic factor. However, it is
important to note that these findings are descriptive in nature and should be interpreted
with caution. In contrast to physical functioning and HRQoL, no notable discrepancies
were observed between patients with foot and ankle trauma and those with distal tibia
trauma with respect to aesthetic satisfaction and scar quality.

The importance of the aesthetic outcome for patients is further highlighted by the
frequent desire for secondary refinement following lower extremity free flap surgeries [19].
In a study conducted by Nelson et al. [19], secondary aesthetic revision was performed on
21.1% of patients primarily due to concerns regarding bulkiness [19]. However, comparable
results were observed in our study, as 23.1% of our FFG underwent secondary aesthetic
refinement surgery (Table 3). Bulkiness and loss of contours can contribute to a reduction
in aesthetic satisfaction and may also have a functional impact, preventing proper shoe
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fitting and leading to physical limitations. This illustrates the dual impact that aesthetic
considerations can have on both the physical and psychological well-being of patients.

4.4. Long-Term Pain After Microsurgical Reconstruction of Foot and Ankle Defects

The objective of microsurgical reconstruction is to restore the functionality of the
extremity, while also alleviating the pain caused by the defect. This is especially important,
as the experience of pain has been demonstrated to have a substantial influence on patient
satisfaction [60]. Pain is a complex phenomenon that can have a profound impact on various
aspects of an individual’s life, including daily functioning, occupational performance,
social relationships, familial roles, and emotional well-being [61-63]. Chronic pain was
demonstrated to significantly reduce health-related quality of life (HRQoL), affecting both
physical and mental health domains [63]. Moreover, pain is a well-documented risk factor
for the development of depression and anxiety disorders. Individuals with comorbid
mental health disorders frequently report elevated pain intensity, thereby establishing a
vicious cycle of pain and psychological distress [63,64]. Additionally, chronic postsurgical
pain is regarded as an independent risk factor for long-dysfunction of the lower limb [44].

The SF-36 revealed significant limitations within the subcategory of pain. These
results are comparable to those reported in the current literature regarding microsurgical
reconstruction of lower extremity defects [20,64]. In accordance with the findings of the
SF-36, a mean NRS score of 3.3 (£3.2) for pain during activity was recorded, indicating a
clinically significant level of pain [65]. Consistent with the preceding findings of this study,
patients with injuries to the foot and ankle reported higher levels of pain during activity
than those with defects of the distal tibia. These results could not be confirmed for pain at
rest (see Table 4). However, we found significant associations between pain and several
aspects of long-term HRQoL, functionality, aesthetic satisfaction, and scar quality. This
highlights pain as an important influencing factor in the long-term outcomes of patients
undergoing microsurgical reconstruction of the foot and ankle region (Table S2). These
findings underscore the necessity of pain management both at rest and during activity, to
facilitate comprehensive rehabilitation in patients who have undergone reconstruction of
ankle and foot defects.

4.5. Long-Term Usage of Footwear After Microsurgical Reconstruction of Foot and Ankle Defects

The absence of contour and the bulkiness of the transferred flap were demonstrated to
affect patients’ aesthetic satisfaction and, furthermore, to influence their choice of footwear.
The altered anatomy of the foot, along with the thicker regions resulting from the free
flap, may pose challenges in wearing standard footwear, thereby indicating the necessity
for custom-made shoes [7,12]. Most of the patients (61.5%) in our FFG reported wearing
orthopedic shoes or soles. Footwear-related issues were observed in the majority of FFG
(53.8%), with most of them (71.4%) already using orthopedic shoes or insoles (Table 4). The
potential for poorly fitting shoes, which may be a consequence of the presence of bulky
tissue, to result in the formation of pressure sores or ulcerations represents a significant
risk. These findings highlight the importance of utilizing pliable flaps that can adapt to the
complex contours of the foot and ankle to mitigate the risk of long-term complications [7,43].

5. Limitations

This study has several limitations. It should be noted that the cohort study design is
inherently limited in its ability to provide conclusive results (e.g., variations in documen-
tation styles and missing data in the retrieval of clinical data). Of a total of 55 potential
patients who had received microvascular free flaps for reconstructions, only 13 (23.6%)
agreed to participate in this study. This leaves a bias, as patients who were not satisfied
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with their (long-term) outcome might have been reluctant to participate in this study. The
low response rate is consistent with findings from similar research. Depaoli et al. [66]
reported comparable challenges in their study on patients with external fixators on the
lower limbs. Like our study cohort, their patients underwent demanding treatment and a
prolonged recovery period, which they identified as contributing factors to the high rate
of non-respondents. Moreover, with a follow-up period of 8.1 years, a certain proportion
of non-responders is inevitable. There is evidence suggesting that non-responders do not
necessarily have worse clinical outcomes than responders [67]. However, a selection bias
due to a higher response rate among more satisfied patients cannot be ruled out. Due to the
relatively limited number of patients and the variety of free flap types, a comprehensive
analysis of the differences between flap types was not feasible. Although the age difference
of 7.9 years between the FFG and HC groups was not statistically significant, it could still
be a potential limitation, as age may influence certain aspects of quality of life as well as
comorbidities [54,55]. This study was designed as a comparative cohort study. Conse-
quently, it is not feasible to draw conclusions regarding cause and effect. Furthermore, we
only used a patient-centric approach with PROMs to evaluate the patients’ perspective
regarding long-term results after microvascular free flaps for reconstructions of defects
of the ankle and foot region. Without objective data, our findings must be interpreted
within this framework of limitations. Additionally, using PROMs to compare patients’
pre- and post-operative outcomes would be highly valuable, offering important insights
into patient-perceived recovery trajectories. Another potential bias is that some patients
completed the questionnaires once with telephone support, while others did so on-site.
Another limitation of this study is the lack of a comparison between patients undergoing
free flap transfer and those undergoing amputation for severe lower limb trauma. Such a
comparison would be highly valuable, offering insights into patients” long-term functional
outcomes and HRQoL. It could provide crucial data to guide decision-making in cases of
life-altering lower limb defects.

6. Conclusions

Patients undergoing free flap reconstructions for ankle and foot defects experience
moderate long-term physical limitations and persistent pain during activity. Our patient-
centric long-term results indicate that ankle and foot defects have a substantial long-term
impact on certain physical domains of health-related quality of life, while mental health
appears to be relatively less affected. Additionally, the study reported satisfactory-to-
good long-term outcomes in terms of aesthetic satisfaction and scar quality. Restoring
functionality after severe lower limb trauma is of paramount importance, particularly
given the intricate interplay between physical, psychological, and social factors (21). A
substantial body of research has demonstrated a strong correlation between physical
disabilities, mental health, and social relationships. This evidence highlights the profound
impact physical impairments can have on psychological well-being and social integration.
Conversely, psychological and social factors significantly influence the physical recovery
process, emphasizing the importance of an integrated approach to rehabilitation (12,53).

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/1ife15050775/5s1, Table S1: Correlation analysis of demographic and surgical-
related characteristics; Table S2: Correlation analysis of PROMs scores; Table S3: Correlation analysis
of demographic characteristics and SF-36, NRS, LEFS; Table S4: Correlation analysis of surgery-related
characteristics and SF-36, NRS, LEFS; Table S5; Correlation analysis of demographic characteristics with
PSAS and the Aesthetic Likert scale; Table S6: Correlation analysis of surgery-related characteristics with
PSAS and the Aesthetic Likert scale.
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Supplementary S1: Correlation analysis of demographic and surgical-related characteristics

Age-at Surgery  Age-of Defect Surgery-Time Complications Revision Revision
Amount

aSex -0.627 -0.285 0.342 -0.101 0.284 *NA
p-value 0.022 0.345 0.253 0.742 0.347
b Age-at Follow-up 0.899 0.172 -0.174 0.380 0.134 -0.537
p-value <0.001 0.575 0.569 0.200 0.663 0.463
®Follow-Up in years -0.514 -0.327 -0.338 0.148 0.201 0.653
p-value 0.072 0.275 0.258 0.692 0.511 0.347
5BMI 0.221 0.155 0.364 0.127 -0.045 -0.211
p-value 0.469 0.614 0.222 0.680 0.885 0.789
aSmoker -0.371 -0.082 0.000 -0.098 0.051 0.943
p-value 0.212 0.789 1.000 0.751 0.867 0.057
b Age-at Surgery 1.000 0.292 0.000 0.254 0.045 -0.928
p-value 0.334 1.000 0.403 0.885 0.072
® Age-of Defect 0.292 1.000 0.214 0.380 0.223 -0.406
p-value 0.334 0.482 0.200 0.465 0.594
bSurgery-Time 0.000 0.214 1.000 0.042 0.223 -0.802
p-value 1.000 0.482 0.891 0.465 0.198
aComplications 0.254 0.380 0.042 1.000 0.843 NA
p-value 0.403 0.200 0.891 <0.001
2Revisions 0.045 0.223 0.223 0.843 1.000 NA
p-value 0.885 0.465 0.465 <0.001
® Amount of Revisions -0.928 -0.406 -0.802 NA NA 1.000
p-value 0.072 0.594 0.198

a= Spearman Correlation (p); b= Pearson Correlation (r); NA= Not applicable;



Supplementary S2: Correlation analysis of PROMs scores

NRS at Rest NRS at Activity LEFS Total Score Aesthetic Likert PSAS
Scale Total Score Total score

SF-36

b Physical Functioning -0.515 -0.384 0.828 0.526 -0.400
p-value 0.105 0.243 <0.001 0.079 0.198

b Physical Role Functioning -0.468 -0.391 0.829 0.430 -0.237
p-value 0.147 0.234 <0.001 0.163 0.458

b Emotional Role Functioning -0.557 -0.563 0.778 0.574 -0.427
p-value 0.075 0.072 0.002 0.051 0.166

bVitality -0.869 -0.865 0.581 0.641 -0.438
p-value <0.001 <0.001 0.037 0.025 0.155

® Emotional Well-Being -0.741 -0.822 0.541 0.615 -0.383
p-value 0.009 0.002 0.056 0.033 0.219

bSocial Functioning -0.355 -0.435 0.516 0.344 -0.212
p-value 0.284 0.181 0.071 0.274 0.508

b Pain -0.769 -0.893 0.787 0.666 -0.735
p-value 0.006 <0.001 <0.001 0.018 0.006
bGeneral Health -0.846 -0.825 0.723 0.791 -0.381
p-value 0.001 0.002 0.005 0.002 0.222
NRS

®Pain at Rest 1 0.886 -0.706 -0.844 0.496
p-value <0.001 0.015 <0.001 0.121

®Pain at Activity 0.886 1 -0.621 -0.683 0.646
p-value <0.001 0.041 0.021 0.032
LEFS

bTotal Score -0.706 -0.621 1 0.712 -0.481
p-value 0.015 0.041 0.009 0.144

Aesthetic Likert Scale

bTotal Score -0.844 -0.683 0.712 1 -0.502
p-value

<0.001 0.021 0.009 0.115
PSAS
bTotal Score 0.496 0.646 -0.481 -0.502 1
p-value 0.121 0.032 0.114 0.115

b= Pearson Correlation (r); PROM=Patient Reported Outcome Measures; SF-36= Short Form Health Survey-36; NRS= Numeric Rating Scale;
LEFS= Lower Extremity Functional Scale, PSAS= Patient Scar Assessment Scale



Supplementary S3: Correlation analysis of demographic characteristics and SF-36, NRS, LEFS

Sex Age-Follow-up  Follow-upin BMI Smoker
inyears years

SF-36
Physical Functioning -0.029 0.166 0.411 0.426 -0.415
p-value 0.926 0.589 0.163 0.147 0.159
Physical Role Functioning -0.030 0.032 0.157 0.506 -0.656
p-value 0.922 0.918 0.609 0.078 0.015
Emotional Role Functioning  -0.331 0.183 -0.054 0.209 -0.838
p-value 0.270 0.550 0.860 0.493 <0.001
Vitality -0.433 0.199 -0.191 0.055 -0.355
p-value 0.140 0.515 0.531 0.858 0.234
Emotional well-being -0.631 0.160 -0.380 -0.029 -0.644
p-value 0.021 0.602 0.200 0.924 0.018
Social functioning -0.423 0.043 -0.113 0.034 -0.678
p-value 0.150 0.890 0.712 0.912 0.011
Pain -0.577 0.532 -0.135 0.139 -0.835
p-value 0.039 0.061 0.660 0.650 <0.001
General health -0.459 0.074 -0.140 0.113 -0.602
p-value 0.115 0.809 0.647 0.712 0.029
NRS
Pain at Rest 0.411 -0.142 0.045 -0.118 0.382
p-value 0.209 0.678 0.895 0.729 0.246
Pain at Activity 0.537 -0.382 0.180 0.076 0.475
p-value 0.089 0.247 0.597 0.824 0.140
LEFS
Total Score -0.342 0.195 0.226 0.394 -0.723
p-value 0.252 0.523 0.459 0.182 0.005

a= Spearman Correlation (p); b= Pearson Correlation (r); SF-36= Short Form Health Survey-36; NRS= Numeric Rating Scale; LEFS=

Lower Extremity Functional Scale



Supplementary S4: Correlation analysis of surgery-related characteristics and SF-36, NRS, LEFS

Age at-Surgery Age-of Defect Surgery-Time Complications  Revision Amount of Revisions
SF-36
Physical Functioning -0.038 -0.002 -0.198 -0.021 -0.246 -0.289
p-value 0.902 0.994 0.518 0.945 0.417 0.711
Physical Role Functioning  -0.042 0.099 -0.038 0.067 -0.142 -0.623
p-value 0.892 0.749 0.903 0.827 0.644 0.377
Emotional Role 0.182 -0.172 0.174 -0.074 -0.207 -0.816
Functioning

0.551 0.575 0.570 0.811 0.498 0.184
p-value
Vitality 0.256 0.245 -0.218 -0.278 -0.541 -0.499
p-value 0.399 0.420 0.475 0.358 0.056 0.501
Emotional Well-Being 0.305 0.030 -0.123 -0.298 -0.538 -0.753
p-value 0.311 0.923 0.690 0.323 0.058 0.247
Social Functioning 0.087 -0.280 0.040 0.022 -0.142 -0.937
p-value 0.778 0.353 0.897 0.942 0.644 0.063
Pain 0.518 0.173 -0.194 0.021 -0.203 -0.641
p-value 0.070 0.572 0.526 0.945 0.506 0.359
General Health 0.126 0.077 -0.341 -0.234 -0.471 -0.692
p-value 0.682 0.804 0.255 0.442 0.104 0.308
NRS
Pain at Rest -0.141 -0.377 0.227 0.198 0.391 0.327
p-value 0.678 0.253 0.501 0.560 0.234 0.788
Pain at Activity -0.404 -0.337 0.372 0.246 0.498 0.143
p-value 0.217 0.311 0.260 0.466 0.119 0.909
LEFS
Total 0.070 0.025 -0.050 -0.127 -0.312 -0.506
p-value 0.821 0.934 0.871 0.679 0.299 0.494

a= Spearman Correlation (p); b= Pearson Correlation (r); SF-36= Short Form Health Survey-36; NRS= Numeric Rating Scale; LEFS=
Lower Extremity Functional Scale



Supplementary S5: Correlation analysis of demographic characteristics with PSAS and the
Aesthetic Likert scale

Sex Age-Follow-Up Follow-up in BMI Smoker
inyears years

PSAS
Pain 0.364 -0.758 0.158 -0.034 0.083
p-value 0.244 0.004 0.623 0.917 0.799
Itching 0.417 -0.379 0.403 0.135 0.367
p-value 0.178 0.225 0.194 0.676 0.240
Colour 0.328 -0.653 -0.218 -0.186 0.694
p-value 0.298 0.021 0.496 0.563 0.012
Stiffness 0.427 -0.723 -0.250 0.014 0.621
p-value 0.166 0.008 0.433 0.965 0.031
Thickness 0.396 -0.694 -0.222 0.163 0.424
p-value 0.203 0.012 0.489 0.614 0.170
Irregularity 0.458 -0.834 -0.277 -0.019 0.495
p-value 0.134 <0.001 0.384 0.954 0.102
Overall Opinion 0.493 -0.718 -0.183 0.154 0.348
p-value 0.104 0.009 0.569 0.634 0.268
Total Scores 0.391 -0.830 -0.143 0.008 0.541
p-value 0.209 <0.001 0.658 0.981 0.069
Aesthetic Likert Scale
Form -0.314 0.018 0.034 0.165 -0.468
p-value 0.321 0.956 0.916 0.607 0.125
Colour -0.066 -0.095 0.077 0.040 -0.395
p-value 0.838 0.768 0.813 0.903 0.203
Texture -0.446 0.169 0.107 0.077 -0.588
p-value 0.146 0.600 0.741 0.812 0.044
Overall Opinion -0.170 0.008 0.064 -0.073 -0.303
p-value 0.598 0.981 0.844 0.821 0.338
Total Score -0.196 0.011 0.072 0.054 -0.462
p-value 0.542 0.972 0.825 0.868 0.131

a= Spearman Correlation (p); b= Pearson Correlation (r); NA= Not applicable; BMI=Body Mass Index; PSAS= Patient Scar
Assessment Scale



Supplementary S6: Correlation analysis of surgery-related characteristics with PSAS and the
Aesthetic Likert scale

Age-at Surgery  Age-of Defect Surgery-Time Complications  Revision Amount of Revisions
PSAS
Pain -0.728 -0.088 0.218 -0.028 0.115 0.408
p-value 0.007 0.785 0.497 0.932 0.721 0.592
Itching -0.504 -0.078 -0.033 -0.026 0.137 0.833
p-value 0.094 0.810 0.919 0.935 0.671 0.167
Colour -0.474 -0.060 0.356 -0.273 -0.156 0.414
p-value 0.120 0.854 0.255 0.391 0.629 0.586
Stiffness -0.522 -0.46 0.207 -0.174 -0.078 0.414
p-value 0.082 0.888 0.519 0.589 0.810 0.586
Thickness -0.509 -0.254 0.400 -0.100 -0.026 0.277
p-value 0.091 0.426 0.197 0.758 0.936 0.723
Irregularity -0.607 -0.098 0.343 -0.272 -0.155 0.277
p-value 0.036 0.762 0.275 0.392 0.630 0.723
Overall opinion -0.546 -0.270 0.492 0.000 0.130 0.158
p-value 0.066 0.396 0.104 1.000 0.688 0.842
Total scores -0.661 -0.128 0.327 -0.197 -0.077 0.551
p-value 0.019 0.692 0.300 0.540 0.811 0.449
Aesthetic Likert Scale
Form 0.000 0.043 -0.403 -0.496 -0.540 -0.143
p-value 0.999 0.893 0.194 0.101 0.070 0.909
Colour -0.114 0.100 -0.024 -0.419 -0.257 -0.577
p-value 0.724 0.757 0.940 0.175 0.420 0.609
Texture 0.097 -0.132 -0.282 -0.298 -0.413 -0.327
p-value 0.765 0.682 0.375 0.346 0.182 0.788
Overall Opinion -0.022 0.128 -0.366 -0.482 -0.379 -0.143
p-value 0.947 0.692 0.242 0.112 0.224 0.909
Total Score -0.022 0.050 -0.272 -0.413 -0.337 -0.327
p-value 0.946 0.877 0.392 0.183 0.284 0.788

a= Spearman Correlation (p); b= Pearson Correlation (r); PSAS= Patient Scar Assessment Scale
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