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Summary
Background Despite continuous surgical advances,
reconstruction of complex lower extremity wounds
remains challenging. The indication of local flaps
or microsurgical free tissue transfer depends on the
anatomical location and size of the defect, as well as
the comorbidities and general condition of the pa-
tient. In this study, local and free flap reconstruction
of distal lower extremity defects was assessed, and
postoperative complications and limb salvage were
analyzed.
Methods A total of 34 patients were included in this
retrospective study. Distal lower extremity defects
were of traumatic (29%) and non-traumatic (71%)
etiologies. Patient characteristics, flap selection, post-
operative complications, and limb preservationwithin
the first 12 months were assessed and compared by
reconstructive treatment concept. Statistical analysis
included parametric and non-parametric tests. The
two-sided alpha was set at 5% for all statistical tests.
Results While 21 patients were treated with local
flaps, 13 patients underwent microsurgical free flap
reconstruction. The most common comorbidities
were peripheral vascular disease and diabetes. Local
flaps included the gastrocnemius muscle flap, soleus
flap, sural flap, and plantaris medialis flap. The most
commonly used free flaps for soft tissue reconstruc-
tion were latissimus dorsi and gracilis muscle flaps.
The overall lower extremity preservation rate was
94.1%. There was one case of below-knee amputa-
tion 1 month after free flap reconstruction, and one
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case of first-ray amputation of the foot after local flap
coverage.
Conclusion Reconstruction of lower extremity defects
can be achieved by local or free flap reconstruction.
Flap selection is influenced by anatomical location,
defect size, and patient factors.

Keywords Soft tissue reconstruction · Microvascular
tissue transfer · Pedicled flap · Limb salvage ·
Extremity preservation

Main novel aspects

1. Patient characteristics, such as age and etiologies of
the lower extremity defects, did not significantly differ
between treatment groups.

2. Successful limb salvage was achieved in over 90%
after local and free flap soft tissue reconstruction.

Introduction

Reconstruction of the distal lower extremity remains
challenging despite continuous advances in surgical
techniques. Limb preservation, early ambulation,
and optimized functional outcomes are therapeutic
goals that often require a multistep surgical approach
in patients presenting with complex lower extremity
defects with exposed vital structures or bones [1].
The mechanisms leading to extensive lower extremity
wounds are diverse, including trauma, oncological
resection, peripheral arterial disease, diabetes, and
chronic venous stasis [2]. The size and anatomi-
cal location, as well as the comorbidities and acute
state of the patient, are considered in the selection
of reconstructive concept [2]. Large, complex defects
in the distal third of the leg with exposed skeletal
structures, tendons, nerves, and vessels often require
microsurgical free flap reconstruction. Local and re-
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Table 1 Etiologies of lower extremity defects
Etiology of defect Number of patients Percent

Trauma 10 29.4

Peripheral vascular disease 9 26.5

Diabetes 6 17.6

Postoperative 3 8.8

Vasculitis 2 5.9

Infection 2 5.9

Polyneuropathy 1 2.9

Tumor 1 2.9

Total 34 100

gional flaps are used for the reconstruction of small
to moderately size defects. Local flaps provide similar
tissue characteristics, thickness, and weight-bearing
capacity to the reconstructed areas [3]. Microsurgical
free flap reconstruction is widely established in trau-
matic and non-traumatic lower extremity defects and
was proven to be safe in patients of advanced age,
although the patients suitability to undergo extended
surgeries needs to be explored [4–6]. The timing
of reconstructive surgery is influenced by multiple
factors including the patients’ general state and the
contamination of the wound; however, in traumatic
defects, early free tissue transfer was associated with
less complications than delayed reconstruction [7].
Postoperative complications and long-term limb sal-
vage need to be considered when evaluating complex
lower extremity reconstructions [2]. Lower extrem-
ity preservation leads to improved survival rates in
multimorbid patients suffering from non-traumatic
defects [8]. If the patient is stable enough for re-
construction, limb salvage and functional restoration
should be the treatment goal [1]. The challenges of
foot and distal lower extremity reconstruction are not
only coverage of soft tissue and bone defects, but also
the restoration of motor function and sensation, as
well as achievement of acceptable aesthetic results
in terms of contour and tissue texture [9]. Flap se-
lection is driven by the extent of tissue damage, the
anatomical subunit that requires reconstruction, the
vascularity of the leg, and comorbidities of the pa-
tient [10]. Local flap reconstructions, if available and
suitable for the defect size, have been associated with
less reoperations and shorter hospitalization times
compared to free flap reconstruction [11].

The aim of this retrospective study was to assess
distal lower extremity reconstruction with local flaps
and microsurgical free tissue transfer. Postoperative
complications and limb preservation rates were ana-
lyzed and compared by reconstructive concept.

Materials and methods

The local ethics committee granted approval of
this retrospective analysis (ethics approval number
1726/2019). All data assessed for the current study

Table 2 Anatomical locations of lower extremity defects
Defect location Number of patients Percent

Knee 2 5.9

Proximal 1/3 of the tibia 4 11.8

Middle 1/3 of the tibia 3 8.8

Distal 1/3 of the tibia 2 5.9

Ankle 1 2.9

Lateral malleolus 4 11.8

Medial malleolus 1 2.9

Achilles’ tendon 2 5.9

Heel 3 8.8

Lateral forefoot 1 2.9

Plantar surface of the foot 5 14.7

Dorsum of the foot 2 5.9

Great toe 1 2.9

Total 34 100

were obtained from the patients’ charts and operative
reports.

Inclusion and exclusion criteria

Patients undergoing lower extremity reconstruction
with local or free flaps were included in this study.
Other inclusion criteria were age over 18 years, de-
fects distal to the knee level, and postoperative follow-
up times exceeding 12 months. Patients with proximal
lower extremity defects were excluded from this study.
Incomplete documentation or primary reconstruction
at a different center also resulted in exclusion from the
study.

Patient population

Thirty-four patients, 24 male (70.6%) and 10 female
(29.4%), were included in this retrospective study. The
most common causes for lower extremity defects were
traumatic injuries in 10 cases (29.4%). Other causes of
defects of the lower extremity included peripheral vas-
cular disease in 8 cases (23.5%) and diabetes in 6 cases
(17.6%). Three patients (8.8%) presented postopera-
tive lower extremity defects that required reconstruc-
tion. Defects were caused by bacterial infection and
vasculitis in 2 cases each. All causes of lower extrem-
ity defects are summarized in Table 1. The included
patients were analyzed in two groups: local flap and
free flap reconstruction.

The selection of reconstructive concepts was deter-
mined by both patient factors and anatomical location
of the defect, which are described in Table 2.

The reconstructive concept, flap type, postopera-
tive complications, and revision surgeries were as-
sessed in this retrospective study. All included pa-
tients were followed up for at least 12 months after
reconstructive surgery. The lower extremity salvage
rate und subsequent amputations were assessed.
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Table 3 Patient characteristics grouped by local or free
flap reconstruction

Local flap Free flap

Female: 6 Female: 4Gender

Male: 15 Male: 9

Age 62.4 years (SD 14.8, range: 23
to 83)

54.9 years (SD 11.9, range: 35
to 70)

Diabetes: 4 Diabetes: 3

Peripheral vascular disease: 2 Vasculitis: 1

Paraplegia: 2 –

Comor-
bidities

Polyneuropathy: 1 –

Statistical analysis

SPSS version 24.0 (IBM SPSS Statistics©, Armonk, NY,
USA) was used for statistical analysis. Descriptive
statistics were performed for all parameters and were
reported as mean, standard deviation (SD), and range
for metric parameters. Statistical analysis included
chi-squared tests for categorical variables, and t-tests
for continuous variables. The two-sided alpha was set
at 5% for all statistical tests.

Results

Patients included in this study were subdivided by
treatment concepts. The first group included patients
treated with local tissue transfer and the second group
patients with microsurgical free flap reconstructions.

Reconstructive concepts for lower extremity defects

The lower extremity defects were reconstructed with
local tissue transfer in 21 patients, which included
15 male and 6 female patients. The mean age in the
local flap group was 62.4 years (SD 14.8, range 23 to
83 years). Microsurgical free tissue transfers were per-
formed in 13 patients (9 male, 4 female), with a mean
age of 54.9 years (SD 11.9, range 35 to 70 years). Statis-
tically, there was no significant age difference between
patients treated with free or local flap reconstruction
(p= 0.113). Differences in gender distribution between
the groups did not reach statistical significance either
(p= 0.891).

Comorbidities were assessed in all patients (Ta-
ble 3). The most common comorbidity in both groups
was diabetes, in 19% of patients treated with local
flaps and 23% of free flap patients.

The anatomical location of the lower extremity de-
fects implicated the selection of therapeutic concept
next to the patients’ age and comorbidities. The flap-
type selection and defect locations are displayed in
Tables 4 and 5.

Fig. 1 demonstrates a case example of a patient pre-
senting with a defect over the lateral malleolus who
underwent local flap reconstruction with a dorsalis
pedis flap. The donor site was covered with a split-
thickness skin graft.

Table 4 Local flap reconstruction by anatomical location
Defect location Local flap n

Knee Medial gastrocnemius muscle flap 1

Soleus flap 1Proximal 1/3 of calf

Medial gastrocnemius muscle flap 3

Medial 1/3 of tibia Soleus flap 3

Distal tibia Sural flap 1

Heel Sural flap 1

Ankle Plantaris medialis flap 1

Achilles’ tendon Sural flap 1

Medial malleolus Local perforator flap 1

Lateral foot Plantaris medialis flap 1

Plantaris medialis flap 1Plantar foot

Local perforator flap 2

Great toe Local perforator flap 1

Postoperative complications after lower extremity
reconstruction

The majority of patients healed without any postoper-
ative complications (67.6%; Fig. 2). Overall, the most
common postoperative complication requiring revi-
sion surgery was delayed wound healing, affecting
17.6% of all patients (local flap: 19%; free flap: 15%).
In the group of patients reconstructed with free tissue
transfer, one case of flap necrosis occurred (Table 6).
There was no significant difference in the postopera-
tive complications rate (p= 0.694) between local and
free flap reconstruction. Operative revisions were re-
quired in 5 patients (23.8%) reconstructed with local
flaps. Procedures included 3 (14.3%) split-thickness
skin grafts in patients with delayed wound healing,
1 (4.8%) secondary wound revision and closure, and
1 (4.8%) hematoma removal. In patients undergoing
free flap reconstruction, 1 (7.7%) anastomosis revision
on the sixth postoperative day and 4 (30.7%) split-
thickness skin grafts were required as revision surg-
eries.

There was no statistical difference in mean length
of hospital stay between the two groups. The dura-
tion of stay was 33.5 days (SD 41.6 days) in patients
treated with local flaps and 34.8 days (SD 31.6 days)
in patients who underwent free tissue transfer.

Lower extremity preservation was assessed within
12 months of postoperative follow-up. The overall
lower extremity preservation rate was 94.1%. There
was one case of below-knee amputation 1 month
after free flap reconstruction because of partial flap
necrosis in a patient with preexisting vasculitis. In
the group treated with local flap reconstruction, one
patient underwent amputation of the first ray of the
foot 12 months after the initial reconstruction be-
cause of osteomyelitis and local gangrene. Analysis of
the influence of age, gender, or comorbidities did not
reveal any statistically significant differences.
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Table 5 Free flap reconstruction by anatomical location
Defect location Free flap n

Knee Latissimus dorsi 1

Distal 2/3 of tibia Latissimus dorsi 2

Distal tibia Gracilis 1

Gracilis 1Heel

Serratus anterior 1

Achilles’ tendon Gracilis 1

Lateral malleolus Gracilis 2

Gracilis 1Dorsal foot

Latissimus dorsi 1

Gracilis 1Plantar foot

Latissimus dorsi 1

Discussion

In this retrospective study, lower extremity reconstruc-
tion with local flaps and free tissue transfer was as-
sessed. Patients with complex lower extremity defects
due to traumatic and non-traumatic etiologies were
included in this analysis. Overall, the most common
etiology was lower extremity trauma in approximately
one third of patients. Peripheral vascular disease and
diabetes were the following most common causes of
distal lower extremity defects. These patient charac-
teristics are representative of the spectrum of comor-
bidities described for complex lower extremity recon-
structions in previous studies [1, 5, 12].

Flap selection is driven by a multitude of factors.
The defect size, anatomical location, and exposed vital
structures are crucial in determining the reconstruc-
tive concept and flap design. In this study, distal lower
extremity defects were included, as proximal defects
in the thigh region are often closed primarily or with
locoregional reconstruction due to the abundance of
soft tissue [2]. The focus on the distal lower extremity
has been implemented in comparable studies in the
literature [1, 2].

The most common defect locations included in this
study were the plantar surface of the foot, the lateral
malleolus, and the proximal tibia. The specific tissue
properties of the reconstructed location are to be con-
sidered, as the anatomical subunits of the distal lower
extremity vary greatly in terms of weight-bearing func-
tion, skin thickness, and soft tissue contour. Subunit
reconstruction for defects in the foot and ankle region
was described to achieve both optimal functional and
aesthetic results [13]. The reconstruction algorithm to
cover complex defects involving the calf and tibia in-
cluded the division into proximal, middle, and distal
thirds [1]. Depending on the size of the defect, the
proximal third and knee region can be covered with
a gastrocnemius muscle flap with split-thickness skin
grafts [14]. Pedicled soleus and gastrocnemius mus-
cle flaps are also reconstructive options for the middle
third of the calf [1]. Traditionally, free tissue transfer
was most commonly indicated for complex defects of

Table 6 Postoperative complications by flap type
Postoperative complications Local (%) Free (%) Total (%)

Delayed wound healing 4 (19%) 2 (15%) 6 (17.6%)

Partial flap necrosis 1 (4.8%) 1 (7.7%) 2 (5.8%)

Wound dehiscence 1 (4.8%) 0 1 (2.9%)

Flap necrosis 0 1 (7.7%) 1 (2.9%)

Hematoma 1 (4.8%) 0 1 (2.9%)

None 14 (66.7%) 9 (69.2%) 23 (67.6%)

Total 21 13 34

the distal third of the lower extremity [1, 15]. How-
ever, improvements in microsurgical techniques, risk
assessment, and perioperative patient management
have increased the variety of defects reconstructed
with free flaps in recent years [2]. The detailed under-
standing of flap perfusion, perforators, and the sub-
sequent design of perforator flaps further improved
the reconstructive repertoire, as fasciocutaneous per-
forator flaps may be used as local flaps to reconstruct
“like with like” tissue or as free flaps, while minimizing
donor site morbidity [10, 16–19].

Free flap reconstruction enables the coverage of
larger wounds and avoids additional local donor site
trauma in the distal lower extremity [20]. Free tis-
sue transfer is an integral part of the reconstructive
ladder, with improved microsurgical techniques and
perioperative patient management rendering it a safe
and effective option for lower extremity reconstruc-
tion [15]. The most common free flaps used in this
study were latissimus dorsi and gracilis muscle flaps,
both workhorses in microsurgical practice [15, 20, 21].
Free tissue transfer has proven effective in both trau-
matic and non-traumatic cases of lower extremity re-
construction [1, 7, 22]. Patient factors, timing of the
reconstruction, and the vascularity of the leg, as well
as defect characteristics, determine flap selection. In
traumatic cases, longer vascular pedicles are often re-
quired to place the microvascular anastomoses out-
side of the zone of injury [1]. Reconstruction with
well-vascularized free tissue transfer for lower extrem-
ity reconstruction after oncological resection proved
safe and effective in patients undergoing postopera-
tive radiation therapy [6, 23]. Free flap reconstruction
has led to advances in limb-sparing resection of tu-
mors of the lower extremities [24]. Flap design and
tissue composition are variable due to the defect size
and specific requirements of the reconstructed region.
Free tissue transfer was even proven to be effective in
plantar reconstruction, providing stable weight-bear-
ing soft tissue coverage [25].

Extremity preservation may be achieved with both
local and free flap reconstruction [11]. However, dis-
tal lower extremity reconstruction remains challeng-
ing as it is associated with a relatively high percentage
of postoperative complications [12, 26]. Patients pre-
senting with lower extremity defects often suffer from
multiple comorbidities, which impact postoperative
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Fig. 1 Local flap reconstruction. Dorsalis pedis flap for lat-
eral malleolus defect with exposed peroneus longus tendon.
a Preoperative flap design. b Defect of the lateral malleolus
with exposed peroneal muscle tendons after debridement and

dorsalis pedis flap elevation. The harvest site on the dorsum of
the foot (c) was covered with split-thickness skin graft, which
was kept in place by tie-over fixation (d)

Fig. 2 Postoperative complications. The majority of patients
(n= 34) did not develop postoperative complications in either
the local (n= 21) or free flap (n= 13) group. The most common
complication in both groups was delayed wound healing

healing [26–28]. Careful selection of the reconstruc-
tive concept to accommodate the patients’ functional
goals and consider possible risk factors is therefore
necessary.

Limitations of the current study are the low case
numbers and the retrospective study design. Future
prospective investigations should include patients’
quality of life and patient-based functional assess-
ments. Age- and gender-specific differences should
also be addressed in future studies.
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