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ABSTR ACT

Background The gastrocnemius and soleus muscle flaps 
are the most commonly used transfer flaps to treat lower 
limb severe lesions. The use of the muscle as coverage tis-
suemay incur in functionality loss and motor control deficits. 
The  aim of this study is to assess whether functional deficits 
are present during gait, posture and heel rise test (HRT).

Method From 2008–2013 we treated 9 patients suffering 
from complex injury of the lower third of the leg (Gustilo III B). 
A population of 9 patients (group A) was examined after recon-
struction with a soleus muscle flap. The results were compared 
with a control population (group B: 9 patients). Each patient 
performed at least 3 gait tests at a fast pace, 2 posture tests 
and 2 HRT on an inclined plane.
Results Gait parameters for group A: Spatio-temporal param-
eters such as step length, cadence were reduced compared to 
the homolateral leg (p < 0.05). The initial double support phase 
was shorter in relation to the final phase and the first peak in the 
vertical ground reaction component was reduced compared to 
the contralateral leg.
Posture for the group A: the mediolateral excursion (during 
open- and closed-eyes test) and the related mean velocity (in 
the open-eyes test) were significantly lower compared to the 
control group (p < 0.05).
HRT for group A: the number of rises and relative height and 
angular excursion were reduced in the operated leg in relation 
to the control group (p < 0.05) and to the contralateral leg.
Conclusion The patients treated with the soleus muscle used 
as tissue defect coverage completely recovered the ability to 
walk but showed some deficits in kinetic parameters during 
the body weight-loading phase. During gait prolonged muscle 
activity compared to controls was observed. The absence of 
soleus (group A) revealed no significant alterations in postural 
control. However, the HRT remained the most relevant test to 
measure patients’ performance when treated with soleus flap 
in relation to the control group.

ZUSAMMENFASSUNG

Hintergrund Der Musculus-gastrocnemius-Lappen und der 
Musculus-soleus-Lappen sind die am häufigsten verwendeten 
Transferlappen zur Behandlung schwerer Verletzungen der 
unteren Extremität. Die Verwendung des Muskels zur Defekt-
deckung kann zu einem Funktionsverlust und zu Defiziten der 
motorischen Kontrolle führen. Ziel dieser Studie war es, zu 
beurteilen, ob bei Gang- und Haltungstests und beim  Zehen-
spitzenstand („Heel-Rise-Test“, HRT) Funktionsdefizite vor-
handen sind.
Methode Von 2008–2013 behandelten wir 9 Patienten mit 
komplexen Verletzungen des unteren Beindrittels (Gustilo III B). 
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Introduction
Complex limb injuries due to high kinetic energy crushes, are char-
acterised by an extensive loss of soft tissue and bone substance re-
lated to type III of the Gustilo-Anderson classification [1, 2, 3] and 
may be associated with vascular injury.

These cases require coordination between the peripheral vascu-
lar and micro-surgical team and the orthopaedist to obtain a rapid 
and accurate diagnosis of vascularization, and to plan adequate 
wound care, and revascularization [4, 5].

Literature has described treatment “guidelines” regarding se-
vere lesions of the lower limbs, with aggressive debridement of de-
vitalised and contaminated tissue to reduce the rate of nonunion, 
osteomyelitis and amputation [6, 7] as well as the use of free flap 
transfer, within 24–72 hours [8].

Recently, new priority has been given to protecting the “zone of 
injury” from bacterial contamination, followed by reconstruction 
which will avoid flap failure caused by microvascular thrombosis [9].

We propose three steps to treat similar injuries affecting the me-
dium-lower third of the leg:
1. aggressive early multiple debridement. In case of bone sub-

stance loss, an external fixator is applied, and the wound is 
adequately prepared using vacuum assisted closure therapy 
and/or hyperbaric oxygen therapy, in combination with specif-
ic antibiotic treatment and antibiogram, to prevent multi-re-
sistant bacteria infection [7].

2. After 5–10 days, following multiple negative culture tests, 
an antibiotic-loaded cement spacer is applied between 
the stumps and an island medial soleus flap is placed as 
 coverage.

3. After 2 months, in the absence of infection, a vascularised 
 fibula is used to reconstruct the tibia following removal of the 
spacer.

Our investigations showed the island soleus muscle flap as a valu-
able tool to ensure coverage of a temporary antibiotic-loaded ce-
ment spacer and in definitive reconstruction with vascularised 

bone. This flap is simpler to use compared to a free flap and may 
be transferred with a reliable pedicle with satisfactory cosmetic 
outcome of the donor site. Adequate coverage of the soft-tissue 
and bone defect after debridement may be ensured due to opti-
mal tissue vascularisation, removing dead space, improving vascu-
larity and enhancing leukocyte function [7, 9], as well as avoiding 
the risk of vascular steal syndrome when the anterior tibial artery 
is damaged. However, the Soleus muscle may not be available due 
to high energy trauma or subsequent infection and may cause fur-
ther motor function loss to an existing injured lower limb [6]. In this 
case, the Latissimus Dorsi free flap may be used.

The soleus muscle, along with the gastrocnemius muscle, is part 
of the triceps surae and is the most important extensor muscle of 
the foot, intrinsic to plantar extension. All the movements that 
 involve extension, of either the ankle or the knee, such as climb-
ing or running, involve the joint participation of the gastrocne-
mius with the soleus muscle. The triceps surae offers maximum 
potential when, the ankle is bent, and the knee extended, con-
tracting to  extend the ankle as in the last phase of walking (pro-
pulsive phase).

In posture, the soleus plays a fundamental role as a stabiliser, 
with restricted adjustments in the calf muscles. Histological anal-
ysis shows the soleus is mainly made up of slow contraction fibres 
(type I), which intervene in activities that require greater resistance 
but slower response times.

In literature little is reported regarding the functional recovery 
of the limb following reconstruction with a soleus muscle flap. In 
2001, Kramers-de Quervain et al. examined 2 patients treated with 
a soleus muscle flap and 3 patients with a gastrocnemius muscle 
flap, during walking at normal speed and at fast speed on an in-
clined ramp [10]. Kinematic and kinetic analysis revealed the ab-
sence of deficit during walking at self-selected speed, and the pres-
ence of deficit during the propulsion phase of gait at fast speed, 
on an inclined ramp.

In the light of these results, the aim of this study was to assess 
whether the interruption of the soleus muscle, used as a covering 

 Eine Population von 9 Patienten (Gruppe A) wurde nach Re-
konstruktion mit einem Musculus-soleus-Lappen untersucht. 
Die Ergebnisse wurden mit einer Kontrollpopulation (Gruppe 
B: 9 Patienten) verglichen. Jeder Patient führte mindestens 
3 Gangtests in schnellem Tempo, 2 Haltungstests und 2 HRTs 
auf schräger Ebene durch.
Ergebnisse Gangparameter in Gruppe A: Räumlich-zeitliche 
Parameter wie Schrittlänge und Schrittfrequenz waren im Ver-
gleich zum homolateralen Bein reduziert (p < 0,05). Die initiale 
Double-Support-Phase war in Relation zur Endphase kürzer und 
der erste Peak bei der vertikalen Bodenreaktionskraft war im 
Vergleich zum kontralateralen Bein reduziert.
Haltungsparameter in Gruppe A: Die mediolaterale Exkursion 
(beim Test mit offenen und geschlossenen Augen) und die 
diesbezügliche mittlere Geschwindigkeit (im Test mit offenen 
Augen) waren deutlich niedriger als in der Kontrollgruppe 
(p < 0,05).

HRT in Gruppe A: Die Zahl der Anhebungen, die relative Höhe 
und die anguläre Exkursion waren im operierten Bein im Ver-
gleich zur Kontrollgruppe (p < 0,05) und zum kontralateralen 
Bein reduziert.
Schlussfolgerung Die Patienten, die durch Gewebedefektde-
ckung mithilfe des M. soleus behandelt wurden, erlangten ihre 
Gehfähigkeit vollständig zurück, zeigten aber einige Defizite 
bei kinetischen Parametern während der Gewichtsbelastungs-
phase des Körpers. Beim Gehen wurde im Vergleich zur Kon-
trollgruppe eine verlängerte Muskelaktivität beobachtet. Das 
Fehlen des M. soleus (Gruppe A) führte zu keinen signifikanten 
Veränderungen bei der Haltungskontrolle. Der HRT hat jedoch 
nach wie vor die größte Relevanz in der Leistungsmessung bei 
Patienten, die mit einem Soleuslappen behandelt wurden, im 
Vergleich zur Kontrollgruppe.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Riccio M et al. Functional donor-site morbidity  ... Handchir Mikrochir Plast Chir 2019; 51: 453–463 455

flap, caused alterations of gait and posture. We, therefore exam-
ined and reported subjects during fast-speed walking and during 
posture with eyes open and closed.

Moreover, to investigate deficit due to the interruption of sole-
us muscle, authors required the subjects to perform a heel rise test 
on an inclined ramp to analyse subject behaviour during a motor 
task commonly used to test functionality and efficiency of the tri-
ceps surae.

The patients selected for this retrospective study presented sim-
ilar lesion type and identical sequelae. The patients had undergone 
treatment with the same surgeons over a given period.

Operative Technique
The patients who underwent reconstruction with the island soleus 
muscle flap were treated with the same surgical procedure includ-
ing three phases: aggressive early multiple debridement, coverage 
of temporary antibiotic-loaded cement spacer with an island me-
dial soleus flap, and definitive bone reconstruction using a vascu-
larised free fibula flap.

In the first phase of surgery, the lesion was cleansed by plas-
tic surgeons, operating on the skin, the soft tissues and the bone. 
The orthopaedic surgeons stabilised the bone by external fixation.

In the second phase, under pneumatic tourniquet control, an 
antibiotic-loaded cement spacer was applied (▶Fig. 1a), then the 
soleus muscle was dissected medially, arising the entire soleus and 
its distal tendon from the gastrocnemius muscle. The distal part of 
the whole soleus is entirely mobile and may rotate to, reach any de-
fect on the distal third leg (▶Fig. 1b). The width of the flap may be 
increased by multiple transverse incisions through the epimysium 
of the muscle, allowing the coverage of extensive substance loss.

The recipient and/or donor site over suction drains were closed 
as a routine procedure.

Skin grafting was performed on all flaps at a period of 7–10 days 
following flap coverage to promote complete recovery (▶Fig. 1c).

Rotation of skin and fascia elevated during muscle harvest often 
decreased the area of exposed muscle requiring skin graft cover-
age.

After 2 months, patients in Group A underwent free fibula flap 
tibia reconstruction after spacer removal.

Materials and Methods
From 2008–2013, 9 patients, suffering from severe large lesions 
of the skin and soft tissue of the limbs, with exposure of bone as 
a consequence of serious injuries (type III B of Gustilo-Anderson 
classification) underwent reconstruction with a soleus muscle flap 
(Group A). For this study, 9 healthy subjects comparable with re-
spect to age, weight and sex were selected as a control popula-
tion (Group B).

The patients covered a wide age range considering the unpre-
dictable traumatic pattern and the absence of pathological caus-
es (▶Tab. 1).

The defective area of soft tissues after debridement was 7.2 cm × 
6.4 cm to 12.6 cm × 15.3 cm in size, with an average area of 9.6 cm × 
13.1 cm. The bone defects were 5.4 cm to 10.5 cm in size. We in-
cluded patients who had gained complete functional recovery from 
the initial lesion with no concomitant locomotor pathology, and at 
least 2 years since last surgery. The patients presented similar le-

▶Fig. 1 a Distal tibial defect with exposed bone from a motor 
vehicle accident; b the soleus muscle has been transposed and the 
split-thickness skin graft is being positioned to cover the wound 
(we can scoring the epimysium of the soleus muscle to extend into 
the distal tibia defect); c patient 1 year after soleus muscle transpo-
sition and skin grafting.

a

b

c

▶Table 1 Data of patients.

Groups N° of 
patients

Sex 
(F/M)

Age 
(Mean)

Weight 
(Mean, 
kg)

Height 
(Mean, 
cm)

Group A 9 ⅛ 45 83 172

Group B 9 2/7 39 73 177
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sions and rehabilitation treatments. All patients in group A were 
subjected to the same treatments of functional re-education and 
did not present post-operative complications. Patients were mon-
itored on postoperative days 3, 7, 14, and on follow-up examina-
tion after 1 month and 6 months. We excluded all patients with 
comorbidities or surgical complications.

Tests were proposed to the patients at least 24 months after 
surgery.

Institutional review board approval was obtained. All patients 
signed an informed consent form to be included in the study.

Tests
Subjects were required to perform three different motor tasks:
1. Brisk walking to a metronome (1.6 m/s)
2. Static loading with eyes open and eyes closed for 60 seconds
3. Heel rise on a 10° inclined ramp.

The patients performed the first motor task several times and mea-
surements were recorded. A minimum of three trials were then pro-
cessed as described below. Postural stability was assessed for each 
eye-condition and a one-leg heel rise test was recorded for each leg.

Each patient was required to walk on a walkway 11.4 m long with 
two force plates (BERTEC) in the centre to measure ground-reaction 
forces. An optoelectronic stereometric system (ELITE BTS Milano) 
was used to obtain marker trajectories positioned on anatomical 
landmarks with the aid of an electromyographic recording system 
(PocketEMG, BTS Engineering, Milano) to maintain the surface elec-
tromyographic signal (sEMG).

The tests and corresponding measurements were conducted 
in the Movement Analysis Laboratory of the Marche Polytechnic 
University.

Motor task description
Gait: Each subject was required to walk barefoot on the walkway 
following the rhythm of a metronome. Each subject performed the 
tasks several times before reaching a repeatable cadence. We eval-
uated the adequate distance of foot impact from the force plates 
during these first trials and used them as a starting point. The pa-
tients were blinded to test indications to avoid bias. Several gait tri-
als were then performed and recorded.

Posture: each subject was required to stand with both feet on a 
force plate in an upright position for 60 s performing one test with 
eyes open and one test with eyes closed. Measurements were re-
corded as described below.

One-leg Heel rise: the patient in upright position on an inclined 
plane (10°) was required to rise his/her heel keeping the other leg 
off the ground. The number of heel rises was free and dependent 
only on the subject’s performance. For each leg only one trial was 
performed.

Parameters calculated (Data analysis): Anthropometric data, 
such as height, weight and heart rate at rest and at the end of the 
experimental session were measured during each session.

During each motor task, the following measurements were 
taken:

 ▪ three components of Ground Reaction Force (GRF) and the 
centre of pressure trajectory (COP);

 ▪ the trajectories of the markers positioned on the foot, leg, 
thigh and trunk as indicated by the DAVIS protocol [12].

 ▪ the electromyographic signal of the medial gastrocnemius 
(GAM), the anterior tibial muscle (TA) of both limbs, and the 
soleus muscle (SOL) of the contralateral limb. The investigators 
analysed the possible effect of the surgical treatment on motor 
coordination in relation to these muscles and to suggest the 
changing role of muscle control in dorsi-plantar flexion.

For each motor task, the following parameters were set:
1. Gait – flexion/extension angles of ankles, knees and hips, 

stride and step length, cadence, stance and swing duration, 
speed of progression. The asymmetry index, calculated for 
each parameter, was used to quantify the differences between 
the treated leg and the contralateral leg [13].

2. Posture: CoP parameters, such as medio-lateral and ante-
ro-posterior excursion, sway path, mean velocity and mean 
distance, as described in Prieto [14];

3. Heel rise- the number of rises, the height and the angle of foot 
described by maximum, minimum and mean values. The EMG 
signal was processed, and median frequency was calculated as 
an indication of possible muscular fatigue.

Moreover, the mean and standard deviations of each parameter 
during the three trials were calculated.

▶Table 2 Mean and standard deviation (SD) values of spatio-temporal parameters during gait for two group of subjects (A: treated with soleus 
flap; B: control group). * Statistical differences (K-S test. p < 0.05) between parameters of A and B group.

A B

Mean ± SD of contralateral leg Mean ± SD of operated leg Mean ± SD

LENGHT of STRIDE norm. for subject height 0.85 (± 0.07) 0.83 (± 0.06)* 0.95 (± 0.31)

CADENCE (steps/min) 115.5 (± 11.4)* 110.88 (± 10.32) 109.25 (± 8.39)

LENGTH of STEP norm. for subject height 0.34 (± 0.14)* 0.49 (± 0.13) 0.42 (± 0.09)

STANCE DURATION (% of gait cycle) 60.7 (± 2.2) 59.5 (± 2.3) 59.59 (± 2.71)

INITIAL DOUBLE STANCE DURATION (% of gait cycle) 10.6 (± 2.1) 9.6 (± 1.8)* 9.37 (± 1.69)

TERMINAL DOUBLE STANCE DURATION (% of gait cycle) 9.7 (± 2.2) 10.4 (± 2.2) 10.79 (± 1.64)

PROGRESSION SPEED (m/s) 0.82 (± 0.12) 0.78 (± 0.11)* 1.35 (± 0.17)
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The Kolmogorov-Smirmov test (K-S test) was used to compare 
Group A to B. Levels of p < 0.05 were significant.

Results
Gait Analysis
The spatio-temporal gait parameters (▶Tab. 2) revealed inter-limb 
and intra-group differences. We observed a shorter step length in 
the contralateral leg compared to the operated limb, which was 
also significantly shorter compared to the controls (p < 0.05). The 
step cadence, calculated as the number of steps in one minute, was 
significantly greater (p < 0.05) in this group. This is most likely due 
to the reduction of the step length for the healthy leg of this group 
of patients. The initial double support phase was shorter than the 
terminal double support phase for the operated leg.

Progression speed was generally reduced in relation to the other 
group and was significantly reduced in the treated leg in relation 
to the controls (p < 0.05).

Asymmetry was present in all the above-mentioned parameters 
(step length, initial and terminal double support phase) as revealed 
by the asymmetry index for more than five patients  ▶Tab. 3).

Parameters obtained from the GRF trajectories showed differ-
ences. The patients bore less weight on the foot of the treated leg 
than on the contralateral leg (▶Tab. 4) during the loading phase 
(F1) and during the push off phase (F3). These measurements may 
have differed according to the asymmetry index for these parame-
ters (▶Tab. 3), that scored above the critical mean value (15) for five 
and respectively, seven of nine patients. With respect to the con-
trols, patients increased (significantly, p < 0.05) the peak load force 
phase of the contralateral leg and reduced (significantly, p < 0.05) 
the peak load force during the push-off phase of the treated leg. The 
duration of the loading response phase, when impact absorption 
usually occurs, was significantly (p < 0.05) shorter in the operated 
leg compared to the control group (T1 in ▶Tab. 4 and ▶Fig. 2a). The 
stance phase in the anterior direction occurred moderately earlier 
compared to controls (see T5 ▶Tab. 4 and ▶Fig. 2b).

In the kinematic analysis of the hip-knee-ankle angles, the dor-
si-plantar flexion angle on the operated side was not within the nor-
mal range observed in the control population.

In all patients treated with the soleus flap, the ankle on the op-
erated side presented mild deficit in the initial stance phase. The 
mean trends showed that the initial plantar flexion was absent with 
the ankle blocked in dorsi-flexion up to approximately 20 % of the 
gait cycle. Subsequently, the plantar flexed from 20 % to 65 % of the 
gait cycle (in ▶Fig. 3, the gait trials were related to one patient in 
the group). Dorsiflexion was then present up to 100 %.

No statistical differences were observed between muscular ac-
tivation timing of muscles in both legs and the behaviour of mus-
cles in the control group. We compared both legs and noted that 
the anterior tibialis muscle of the treated leg prolonged its activa-
tion at the beginning of the stance phase while the medial gastroc-
nemius muscle anticipated activation.

Posture
The medio-lateral excursion of CoP in Open Eye (OE) and Closed 
Eye (CE) condition was significantly (p < 0.05) lower than in the con-
trols (OE: 9.7 mm with respect to 12 mm; CE: 8.8 mm with respect 
to 13.7 mm, ▶Tab. 5).

▶Table 3 Asymmetry in some spatio-temporal and dynamic param-
eters for Group A (9 subjects). If Asymmetry Index (ASI) is above 13, 
symmetry is considered critical.

N° of patients with 
ASI < 13/total number 
of patients

LENGHT of STEP 9/9

INITIAL DOUBLE STANCE DURATION 5/9

TERMINAL DOUBLE STANCE DURATION 7/9

F1 5/9

F3 7/9

T1 7/9

T5 5/9

▶Table 4 Mean and standard deviation values of dynamic parame-
ters for each group of subjects (A: treated with soleus flap; B: control 
group).

A B

Mean ± SD of 
 contralateral leg

Mean ± SD of 
operated leg

Mean ± SD

F1(N/kg) 12,2 (± 1,2)* 11,5 (± 1,5) 11,3 (± 1,0)

F2 (N/kg) 6,7 (± 0,7) 6,8 (± 0,9) 6,7 (± 0,9)

F3 (N/kg) 11,6 (± 1,2) 10,3 (± 0,8)* 11,3 (± 0,9)

F4 (N/kg) 0,3 (± 0,2) 0,4 (± 0,2) 0,4 (± 0,3)

F5 (N/kg) –2,3 (± 0,3) –2,2 (± 0,6) –2,2 (± 0,4)

F6 (N/kg) 2,2 (± 0,6) 2,1 (± 0,4) 2,2 (± 0,3)

T1 (% stance 
phase)

22,2 (± 5,4)* 19,6 (± 5,1)* 22,5 (± 3,1)

T2 (% stance 
phase)

47,6 (± 3,8) 46,5 (± 5,4) 48,4 (± 4,5)

T3 (% stance 
phase)

78,5 (± 7,0) 77,5 (± 3,9) 80,2 (± 2,2)

T4 (% stance 
phase)

1,9 (± 1,2) 2,5 (± 1,5) 3,6 (± 9,2)

T5 (% stance 
phase)

16,8 (± 7,1) 14,9 (± 3,3) 17,1 (± 2,8)

T6 (% stance 
phase)

88,9 (± 3,7) 87,7 (± 2,7) 88,1 (± 1,8)

Peak F1 to F3 are related to the vertical component of Ground 
Reaction Forces (GRF) while peaks F4 to F6 are related to the 
anterior-posterior component of GRF. T1 to T6 are the time instants 
related to the force peaks, expressed as percentage of stance dura-
tion. * Statistical differences (K-S -test, p < 0,05) between parameters 
of A and B group.
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Heel Rise
The Heel rise was the motor task in which significant differences 
emerged among the groups (▶Tab. 6).

The patients treated with the soleus flap performed a smaller 
number of rises than the controls both with the treated and the 
contralateral leg (15: treated, 25: contralateral, 29: control group).

The differences between legs in the number of rises was 10, and 
14 differences between the operated leg and Group B. The heel-rise 
height was measured by the vertical displacement of the marker 
positioned on the heel. At each heel rise, the foot movement, rep-
resented by the line connecting the heel and the fifth metatarsal 
head, was further defined by the angle α, where the vertex was on 
the fifth metatarsal head (▶Fig. 4). Both parameters were mea-
sured by their maximum, minimum and mean values. Each param-
eter scored lower for the treated leg than for the contralateral leg. 
Statistically significant differences (p < 0.05) were observed in all 
parameters for the treated leg, with the exception of mean height 
(▶Tab. 6). During the test the mean angle gradually reduced, and 
the minimum height increased at each rise. In fact, the patients 
avoided placing their foot on the ramp floor after each lift with foot 
raised from the ground by performing small oscillations.

To analyse the effect of missing soleus functionality, authors 
extracted the Mean Power Frequency (MPF) from the electro-
myographic signal. The MPF is, considered a relevant indicator of 
muscular fatigue. Four rises were identified during each rise test 
performed by each leg: one at start point (at approximately 10 % 
of the entire duration of the test), two intermediate (at approxi-

▶Fig. 2 Dynamic parameters of gait; a vertical force component; b antero-posterior component

a b

▶Fig. 3 Trend of the angles of the ankle joints in patients reconstructed with a soleus muscle flap

▶Fig. 4 Foot during the Heel Rise Test; CA_1: the marker of the 
heel in the starting position; VM: the marker on the head of the 
fifth metatarsal; CA_2: the marker on the calcaneus in the posi-
tion of heel lift. α: the angle that is formed between CA_1-VM and 
CA_2 -VM.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Riccio M et al. Functional donor-site morbidity  ... Handchir Mikrochir Plast Chir 2019; 51: 453–463 459

mately 40 % and 60 % of the entire duration of the test), and a final 
rise (at approximately 90 % of the entire duration of the test). In 
healthy subjects, the MPF initially indicated a sharp fall and sub-
sequently decreased for the tibialis anterior and gastrocnemius 
(▶Fig. 5) but remained constant for the soleus. The MPF obtained 
by two muscles of the treated leg (Tibialis Anterior and Medial 
 Gastrocnemius) remained steady or slightly decreasing for both 
muscles (red and green line, ▶Fig. 6a). In the tests performed by 
the contralateral leg, the MPF decreased for the tibialis anterior and 
the medial gastrocnemius muscle (red and green line, ▶Fig. 6b). 
The MPF for the soleus decreased up to 60 % then, remained steady 
or moderately increased towards the final stage of the trial (yellow 
line, ▶Fig. 6b).

Discussion
Many authors have reported success in the use of the soleus flap 
as coverage after trauma of the soft tissues of the leg but have ne-
glected to examine the functional deficit resulting from the remov-
al of the monoarticular end of the triceps surae [11].

The aim of this study was to assess potential signs of “disability” 
in patients treated with soleus flap, comparing them with a healthy 
subject population. Moreover, the authors investigated the likeli-
hood of treatment-related deficit and possible mechanisms of ad-
aptation.

Gait Analysis
Kramers-de Quervain et al. showed [10] the substantial recovery 
of gait function after surgical treatment in this type of patient. The 
authors reported differences in the terminal phase of stance during 
fast gait compared to the controls [10], observing critical points in 
the propulsion phase for the treated leg which was characterised 

by a lower peak of force. Our data in gait confirmed these findings 
with a reduced vertical peak of force (F3) in the operated leg during 
fast gait and propulsion phase. In our study the loading phase of 
the treated leg was characterised by an earlier (T1) and low peak 
(F1) in relation to the contralateral leg, further confirmed by a re-
duced initial double support phase duration (▶Tab. 2). These re-
sults show the patient’s tendency to decrease the duration of the 
body weight-transfer phase from the contralateral to the operat-
ed leg and to anticipate a more comfortable and stable position of 
the foot flat on the ground.

To compare data with Kramers-de Quervain and co-authors’ re-
sults [10], in this study, the patients were not required to walk at a 
self-selected fast pace but at a predetermined cadence to a met-
ronome. Group A patients failed to achieve the predicted walking 
speed, performing at a slower speed rate compared to the other 
groups. The reduced step length was also relevant for the contra-
lateral leg, in relation to the treated leg and the control group. This 
reduction may be due to the subjects avoiding excessive forward 
displacement of the body on the treated leg. In this phase, in fact, 
a greater forward displacement of the contralateral leg could pro-
duce the raising of the heel of the treated leg considering the tri-
ceps surae activity.

The angular kinematics of the ankle was compromised with re-
duced and uncertain dorsi-plantar flexion due to the initial trau-
ma rather than to the surgical treatment. No significant differenc-
es were observed during gait on muscular activation timing with 
respect to the control group. Patients in Group A presented a pro-
longed muscular activity of the tibialis anterior and gastrocnemius 
during stance of the treated leg in relation to the contralateral leg. 
The authors suggest that this outcome may be related to the pa-
tient’s tendency to accurately control the body weight transfer 
phase and the subsequent mid-stance phase on the treated leg. 
Walking and brisk walking do not require substantial changes in 
muscular control, and the soleus function is commonly well-de-
veloped by the other triceps surae muscles.

▶Table 5 Postural parameters (mean and ± standard deviation) as 
described in Prieto for the groups of subjects (A: treated with soleus 
flap; B: control group) during trials with open eyes (OE) and closed 
eyes (CE).

Group A Group B

OE CE OE CE

Max Esc.COP 
AP(mm)

21.4 
(± 7.2)

26.1 
(± 9.7)

21.3
(± 10.2)

23.8
(± 5.2)

Max Esc.COP 
ML(mm)

9.7 
(± 3.7)*

8.8 
(± 3.5)*

12.0
(± 8.5)

13.7
(± 7.5)

MDIST (mm) 4.4 (± 1.6) 4.9 (± 1.8) 4.4
(± 1.9)

5.3
(± 1.7)

Sway Path (mm) 180.5 
(± 26.9)

242.7 
(± 60.2)

203.7
(± 103.2)

247.0
(± 95.5)

MV (mm/s) 9.0 (± 1.3) 12 (± 3.0) 10.2
(± 5.2)

12.4
(± 4.8)

* Statistical differences (K-S -test. p < 0.05) between parameters of A 
and B group.
Max Esc.COP AP/ML: maximum excursion of Center of Pressure in 
antero-posterior/medio-lateral direction; MDIST: mean distance; MV: 
mean velocity;

▶Table 6 Mean and standard deviation of some parameters used 
to characterise Heel rise test for two group of subjects (A: treated 
with soleus flap; B: control group). * Statistical differences (K-S -test, 
p < 0,05) between parameters of A and B group.

Group A Group B

Contralat. 
Leg

Operated 
Leg

Number of rises 25 (± 12,1) 15 (± 4,5)* 29 (± 13)

Maximum height 
(cm)

9,5 (± 2,8) 5,6 (± 2,8)* 11,6 (± 4)

Minimum height 
(cm)

5,4 (± 2,9) 2,5 (± 2,1)* 4,3 (± 1,2)

Mean height (cm) 7,1 (± 2,5) 4,0 (± 2,3) 8,8 (± 0,5)

Maximum angle (°) 40,0 (± 16,6) 20,1 (± 11,1)* 44,6 (± 1,8)

Minimum angle (°) 11,9 (± 4,1)* 6,3 (± 3,8)* 18,3 (± 0,6)

Mean angle (°) 21,8 (± 6,8) 11,6 (± 6,5)* 29,5 (± 0,5)

Differences between 
limb’s rises

10

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Riccio M et al. Functional donor-site morbidity  ... Handchir Mikrochir Plast Chir 2019; 51: 453–463460

Originalarbeit

Posture
The soleus muscle plays a relevant role in posture, with regards 
to its histological characteristics. It has a dominant role in ante-
ro-posterior excursion of the centre of mass during prolonged pos-
ture over time [15]. The recordings of postural centre of pressure 
(CoP) reveal that the erect position is not stationary. On both the 
planes (sagittal and frontal) there is a slow but continuous shift-
ing of the body weight on the two limbs. In normal conditions, the 
parameters that describe the CoP excursion show elevated values 
in the test with closed eyes (CE) compared to the test with open 
eyes (OE) which is a characteristic of the sensory system channel in 
eyes closed and elimination of the visual channel which would re-
sult in increased swing movement. In this study, the medio-later-
al excursion parameter of the OC and CE tests yielded significantly 
smaller parameter values in subjects treated with soleus flap com-
pared with controls. This outcome is most likely due to patholog-
ical subjects undertaking this exercise with greater articular stiff-
ness, especially at the level of the tibiotarsal joint. Results obtained 
for both the pathological groups in both the posture tests revealed 
the absence of relevant effects due to the loss of soleus function-
ality. Conversely, certain CoP parameters highlighted trauma-re-
lated effects common to both groups.

Heel Rise
Literature reports the relevance of the “heel rise test” in detecting 
deficits at the level of the triceps surae [14, 16, 17]. A patient was 
on an inclined plane (10°) and was requested to rise his/her heel 
until he/she felt comfortable, maintaining the contralateral foot 
raised from the ground. After each rise, the patient was required 
to replace the foot on the plane and to repeat the rising move-
ments many times until tired. A trial for each leg was performed 
and processed. The heel rise test is commonly performed to verify 
the efficiency of the triceps surae [16]. It can be performed on an 
inclined plane or a flat surface. The number of heel rises performed 
by the patient was considered as an indicator of an efficient triceps 
surae functionality. The exercise of standing on the toes assesses 
resistance rather than muscle power [17]. The repetitions may in-
duce muscular fatigue of the triceps surae; thus, the role played 
by the soleus muscle in conditions of fatigue resistance is relevant 
and may be analysed in detail using this kind of test. The soleus is 
mainly made up of type I fibres and will engage in prolonged ac-
tivities over time.

Lunsford and Perry suggested 20 heel rises as an acceptable 
number to consider as a “normal” performance achievement. [18]

In this study, authors examined the performance of each leg to 
assess whether the loss of soleus functionality could engender defi-
cit during movement. Authors adopted a more challenging setting 
where patients were required to initiate movement with stretched 

▶Fig. 5 Electromyographic data of anterior Tibial, Gastrocnemius and Soleus muscle in a patient of Group B.
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▶Fig. 6 a, b Electromyographic data of anterior Tibial, Gastrocnemius and Soleus muscle in a patient of Group A.

a

b
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calf muscles, using a ramp with an inclination of 10° to stress the 
ankle starting from a dorsi-flexed position.

The outcomes herein, demonstrated that the patients involved 
in the heel rise test, succeeded in performing the motor task. The 
patients who had undergone reconstruction with a soleus flap per-
formed a significantly lower number of heel rises than the control 
group, and the number of heel rises differed between the operated 
and the contralateral leg. For the operated leg of patients belong-
ing to Group A, the mean number of heel rises was 14 less than the 
expected value (20); in addition, the height of the rise and the an-
gular excursion were smaller than in the controls.

We therefore indicate that patients with intact triceps surae and 
without deficit at muscular level have a resistance to fatigue com-
parable with that of healthy subjects.

The lower values in heel rise height may be due to the blocking 
of the ankle as a result of the trauma.

Previous investigations reported a constant mean power fre-
quency (MPF) during heel rise in the soleus muscle only, in rela-
tion to muscular fatigue with a decrease of MPF in the gastrocne-
mius muscle [17].

The trend of the MPF observed in the control group and Group 
A in relation to the contralateral leg revealed that heel-rise fatigue 
was supported by the reduction of this parameter for the anterior 
tibial and medial gastrocnemius muscle. The soleus and its charac-
teristic muscular fibres, is a muscle suited to resistance and initial-
ly presented a fall and subsequent steady MPF trend. The patients 
with soleus flap treatment successfully performed the heel rises 
owing to the functionality of the remaining muscles. The MPF rel-
ative to both muscles did not show an evident reduction but was 
generally constant, suggesting that gastrocnemius also compen-
sated for the absence of the soleus in tasks that required fatigue re-
sistance. Nevertheless, it is clear that, considering the small num-
ber of heel rises performed with the treated limb by the patients of 
the group A, the residual triceps surae does not completely atone 
for the lack of soleus functionality, therefore suggesting that ad-
aptation of the muscle fibres is not sufficient to compensate for the 
lack of muscular resistance.

Limitations of the study
This study has some limitations. Although all traumas were classi-
fied as type III B according to the Gustilo-Anderson classification, 
the involvement of more or less large bone areas and the diverse 
initial soft tissue extension could influence the assessment of defi-
cits during motor tasks (gait, posture and heel rise test).

Another limitation of the study is the use of the free fibula flap 
taken from the contralateral limb to reconstruct the traumatised 
tibia. As reported by some authors, no significant differences were 
found in gait parameters in Pre-post surgical gait analysis compar-
ison of patients who had undergone an osteocutaneous free fib-
ula transfer [19, 21]. These studies confirm that the evaluation of 
gait is not significantly influenced by the concomitant use of a fib-
ula flap, but could lead to assessment bias of the motor function in 
the traumatised limb and in the donor limb.

The retrospective design and the small sample population were 
another limitations of the study. Larger sample case series with long 
term follow-up are needed to validate the results.

CONCLUSIONS
Our findings report that the patients with detached soleus 
muscle as a coverage completely regained the ability to walk 
autonomously albeit presenting difficulties in increasing 
walking speed.
The patients who had undergone reconstruction with a 
soleus flap reported pain in the operated area and reduced 
mobility of the tibiotarsal joint.
Gait analysis is a standard exercise in the field of movement 
analysis, but herein, did not clarify the attribution of the 
 deficits in relation to the type of reconstruction or to the 
extent of the trauma.
With reference to Kramers-de Quervain et al., we conduct-
ed the heel rise test, which allowed better identification of 
 soleus performance in relation to the other muscles of the 
triceps surae. We consider the heel rise test as an improved 
assessment measurement to distinguish between the effect 
of the surgical treatment and the effect of the trauma, 
providing quantifiable indicators of the deficit associated to 
the use of the soleus. Our findings suggest that an identical 
measure of reduced trauma-related mobility in the ankle, 
and lack of the soleus muscle may lead to further deficits in 
the operated limb at muscular level.
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