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INTRODUCTION
Flap training regimens optimize perfusion following 

lower extremity reconstruction; however, postoperative 

algorithms are informed by anecdotal evidence, with a 
lack of consensus guidelines.1

A recent systematic review demonstrated that early 
postoperative dependency aids flap healing, despite con-
current flap edema and venous congestion.2 External 
compression has proved beneficial for reducing edema 
and facilitating venous return, which permits early mobi-
lization.3 However, compression limits the use of nonin-
vasive flap monitoring and reduces flap perfusion below 
capillary closing pressures.4

Contraction of skeletal muscle facilitates central 
return without compromising cutaneous flow. Calf exer-
cises have been previously validated in reducing venous 
thromboembolism.5

The aim of this study was to investigate the feasibility of 
patient-led calf exercises as novel adjuncts to flap training 
regimens. This study aimed to investigate microcirculatory 
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Summary: The evidence for lower limb flap (LLF) training regimens is equivo-
cal. The commonest cause of LLF failure is venous congestion. The aim of this 
study was to investigate whether venous congestion could be reduced by patient-
led isometric calf contractions during flap training. A prospective clinical study 
was conducted using photospectroscopy and laser Doppler (Oxygen to See) to 
assess healthy limbs and LLF characteristics during flap training and isometric 
calf contractions. Tissue oxygen saturation, venous congestion, and blood flow 
were measured at rest, as well as during and after limb dangling and calf contrac-
tion exercises. In the acute postoperative period following LLF surgery, depen-
dency markedly reduced superficial flow (−55.20% ± 19.17%), with a concurrent 
increase in venous congestion (33.80% ± 28.80%); supine isometric contractions 
improved superficial flow and reduced venous congestion from postoperative day 
5. Contractions cause a significant increase in blood flow in the outpatient cohort 
(+84.40% ± 7.86%, P = 0.009), with a mean time since discharge of 14 weeks. 
Our data suggest patient-led isometric calf exercises are well tolerated and may 
reduce venous congestion in the acute phase. Progressive changes toward normal 
physiological function were demonstrated in the outpatient rehabilitation period. 
Incorporating calf exercises into LLF rehabilitation may allow longer periods of 
leg dependency, quicker recovery from surgery, and ultimately improve outcomes. 
(Plast Reconstr Surg Glob Open 2020;8:e2731; doi: 10.1097/GOX.0000000000002731; 
Published online 24 March 2020.)
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changes following lower extremity reconstruction com-
pared with a cohort of healthy volunteers.

METHODS
A prospective single-centre study was conducted, and 

ethical approval was granted by the Bromley Research 
Ethics Committee (17/LO/0433).

Patients presenting to our institution between March 
and May 2017 who required lower extremity reconstruction 
with fasciocutaneous flaps (free or local) were eligible for 
participation. Those with or preexisting comorbidities or 
injuries affecting the peripheral circulation were excluded.

Hemodynamic measurements of arterial flow, tissue 
oxygen saturation, and relative hemoglobin (a marker of 
venous congestion) were taken using the Oxygen to See 
(LEA Medizintechnik, Giessen, Germany) wired non-
invasive sensor platform, which measures at superficial 
(2 mm) and deep (8 mm) tissue levels. All measures were 
standardized as previously described,6 with the LT-2 probe 
placed at the center of the flap angled superiorly in recon-
struction patients and on the midpoint of the lateral head 
of the gastrocnemius muscle belly in healthy volunteers.

Patients were instructed to perform 30 isometric calf 
contractions during a 1-minute study period. A standard 
in-person tutorial was provided; exercises were performed 
without resistance while the ankle was held at 90 degrees. 
Study conditions of dependency and contraction were 
defined; the following protocols were implemented:

	 1.	Supine isometric contraction
	 2.	Limb dependency
	 3.	Limb dependency and then supine isometric 

contraction.

Analysis was performed with patients acting as their 
own controls, and percentage change from resting base-
line was calculated. Distribution was assessed using the 
Shapiro–Wilk test. Normally distributed paired data were 
analyzed using a paired t test, and nonparametric data 
were analyzed using the Wilcoxon test. Significance was 
set at P ≤0.05. GraphPad Prism, version 8.0 (GraphPad 
Software, San Diego, Calif.) was used for statistical analysis.

RESULTS

Acute Patient Cohort
Seven patients were prospectively recruited, and 2 

patients were excluded due to language barriers and post-
operative confusion. All patients were men with an aver-
age age of 43 years (range: 27–61 years) (Table 1).

Supine isometric contractions demonstrated a sus-
tained improvement in hemodynamic parameters, 
which peaked on postoperative day (POD) 4 (Fig.  1). 
Dependency was initiated on POD3 for 2 min/h. On 
POD3, superficial flow reduced (−55% ± 19%) and rela-
tive hemoglobin (rHb) increased (+34% ± 29%), peak-
ing at POD4 (+82% ± 78%) (see Table 1, Supplemental 
Digital Content 1, which displays individual data from the 
acute flap cohort, http://links.lww.com/PRSGO/B348). 
Supine contractions following dependency increased 
superficial flow and reduced rHb from POD5 (Fig. 2). Ta
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Outpatient Cohort
Five outpatients were recruited at a mean of 14 weeks 

(range: 8–22 weeks) following soft tissue reconstruction. 
Supine isometric contractions significantly increased 
superficial flow (+84% ± 8%, P = 0.009) and reduced 
rHb (−4% ± 3%, not significant). Dependency signifi-
cantly reduced superficial flow (−60% ± 17%, P = 0.03) 
and increased rHb (+22% ± 19%, not significant). Supine 
isometric contractions following dependency significantly 
reduced rHb (P = 0.01). Our comparative analysis demon-
strated a trend toward that of healthy volunteers (Fig. 3).

Healthy Volunteers
Eighteen healthy volunteers were recruited (16 men, 

2 women), with an average age of 22 years (range: 19–
28 years). Supine isometric contractions significantly 
increased superficial flow (+261% ± 130%, P < 0.0001) 

and reduced rHb (−17% ± 20%, P = 0.01) relative to rest-
ing baseline measurements.

Dependency significantly increased rHb (+29% ± 24%, 
P < 0.0001) and decreased superficial flow (−71% ± 14%, 
P < 0.0001) and tissue oxygen saturation (−22% ± 26%, P = 
0.002) relative to resting baseline measurements.

Isometric contractions after dependency significantly 
increased superficial flow (+195% ± 137%, P = 0.002), 
decreased rHb (−36% ± 25%, P < 0.0001), and increased 
tissue oxygen saturation (+12% ± 24%, P = 0.006) relative 
to measurements taken during dependency.

DISCUSSION
This study demonstrates that patient-led isometric 

calf exercises are well tolerated and produce a measur-
able change in hemodynamic parameters tending toward 
healthy volunteers. The observed effects were transient, 
variable, and normalized to resting measurements within 
1 hour of exercise termination.

We demonstrate that repeated contractions can off-
set the increase in venous congestion brought about by 
dependency through supporting venous and lymphatic 
return. This increases blood flow through inosculation 
and angiogenesis secondary to ischemic conditioning and 
production of local metabolites.7 The cumulative effect of 
exercises may expedite flap maturation and permit earlier 
tolerance of venous congestion.8

External compression has been shown to permit ear-
lier ambulation without adverse effects in a small random-
ized controlled trial, although no difference in length of 
stay was noted, likely due to lack of power.9 The present 
study suggests that isometric calf exercises facilitate venous 
return without limitation of noninvasive flap monitoring 
and the need for additional equipment.

Our results must be considered in view of the study lim-
itations. Motion artifact is an intrinsic limitation of laser 
Doppler; however, the use of a high-pass filter significantly 

Fig. 1. Progressive changes in superficial flow exhibited with iso-
metric supine contractions in the acute flap cohort throughout the 
first postoperative week. Isometric contractions demonstrated a 
sustained and progressive effect on lower extremity blood flow rela-
tive to measurements taken at rest, peaking on POD4.

Fig. 2. Progressive changes in relative hemoglobin exhibited with 
dependency and subsequent isometric supine contractions in the 
acute flap cohort during the first 4 days of flap training. Venous con-
gestion is mostly marked on the second day of flap training (POD4) 
with supine contractions reducing venous congestion in the first 2 
postoperative days relative to resting measurements. The degree 
of venous congestion during dependency reduced across the sub-
sequent 2 days of flap training (POD5 and POD6), where isometric 
contractions appear to have a lesser effect.

Fig. 3. Comparative changes in superficial flow among healthy vol-
unteer, acute inpatient and outpatient rehabilitation cohorts during 
dependency, and subsequent isometric contraction. A progressive 
change toward flow hemodynamic exhibited in the healthy cohort 
is demonstrated across the acute inpatient and outpatient cohorts 
suggesting a healing effect.
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reduces motion artifact.10 The small cohort size and het-
erogeneity are inherent problems in the patient cohort. 
The large deviation in study measurements may, in part, 
be explained by factors such as the injury mechanism, flap 
location with respect to local superficial and deep veins, 
probe location, and the modality of skeletal fixation.

This study provides insight into hemodynamic changes 
in flow and venous stasis occurring during isometric contrac-
tion and limb dependency. The comparative difference in 
intervention effect between healthy volunteers and patients 
following limb reconstruction has been demonstrated.

There is a paucity of high-quality evidence inform-
ing postoperative management algorithms. The optimal 
length and duration of flap training as well as the role for 
adjuncts such as wrapping and exercises must be deter-
mined through adequately powered pragmatic trials, 
where the impact of such interventions on functional 
patient-reported outcome measures and length of hospi-
tal stay can be determined.﻿﻿﻿﻿‍
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