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Sammanfattning 
Introduktion: Försämrad isometrisk muskelstyrka och muskulär uthållighet har rapporterats 
hos vuxna med Fontan cirkulation. Kunskapen om motsvarande nedsättning även förekommer 
hos barn och ungdomar med Fontan cirkulation är dock begränsad.  
Syfte: Syftet med den här studien var att undersöka isometrisk muskelstyrka och muskulär 
uthållighet i nedre extremiteter hos barn och ungdomar med Fontan cirkulation jämfört med 
ålders- och könsmatchade friska kontroller. 
Metod: I denna tvärsnittsstudie inkluderades 43 barn och ungdomar (6-18 år) med Fontan 
cirkulation och 43 ålders- och könsmatchade friska kontroller. Isometrisk muskelstyrka i 
knäextension och plantarflektion utvärderades med dynamometri (Newton;N). För att 
utvärdera muskulär uthållighet i nedre extremiteter användes unilaterala isotoniska 
tåhävningar till utmattning. Analysen utfördes på gruppnivå (n=43) och för subgrupperna barn 
6-12 år (n=18) och ungdomar 13-18 år (n=25).  
Resultat: På gruppnivå hade barnen och ungdomarna med Fontan cirkulation lägre isometrisk 
muskelstyrka i plantarflektion på vänster ben jämfört med kontroller (393.9±181.1N vs. 
492.5±241.6N, p=0.04). De hade också lägre muskelstyrka i knäextension bilateralt (höger 
222.8±101.1N vs. 293.0±164.9N, p=0.02 vänster 220.7±102.7N vs. 279.5±159.1N, p=0.05). Vad 
gällde muskulär uthållighet noterades ingen skillnad mellan kontrollerna och barnen 
respektive ungdomarna med Fontan cirkulation. Vid analys av subgrupperna noterades den 
lägre isometriska muskelstyrkan enbart bland ungdomarna. 
Slutsats: Ungdomarna med Fontan cirkulation hade lägre isometrisk muskelstyrka i nedre 
extremiteter jämfört med kontrollerna. Däremot noterades ingen motsvarande nedsättning 
hos barnen. Utöver det så noterades ingen skillnad avseende muskulär uthållighet i nedre 
extremitet hos någon av subgrupperna. Detta antyder att den försämrade isometriska 
muskelstyrkan möjligtvis utvecklas under tonåren medan den försämrade muskulära 
uthålligheten uppstår senare.  
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Abstract   
Introduction: Impaired isometric muscle strength and muscle endurance in adults with Fontan 
circulation has previously been reported. However, the knowledge if corresponding 
impairment is present in children and adolescents with Fontan circulation is scarce.  
Aim: The aim was to examine the isometric muscle strength and muscle endurance of the 
lower limbs in children and adolescents with Fontan circulation in comparison to age and sex 
matched controls.  
Method: In this cross-sectional study 43 children and adolescents (6-18 years) with Fontan 
circulation and 43 controls were included. Isometric knee extension and plantar flexion muscle 
strength was assessed using dynamometry (Newton:N). Unilateral isotonic heel-lift until 
exhaustion was used for evaluation of lower limb muscle endurance. Analysis on group level 
(n=43) and for the subgroups 6-12 years (n=18) and 13-18 years (n=25) was performed.  
Results: On group level the children and adolescents with Fontan circulation had impaired 
isometric plantar flexion strength for the left leg compared to controls (393.9±181.1N vs. 
492.5±241.6N, p=0.04). In addition, they had impaired isometric knee extension strength 
bilaterally (right 222.8±101.1N vs. 293.0±164.9N, p=0.02, left 220.7±102.7N vs. 279.5±159.1N, 
p=0.05). In contrast, lower limb muscle endurance did not differ. In subgroup analysis, the 
impaired isometric strength was only present in the group of adolescents. 
Conclusion: Adolescents with Fontan circulation had impaired isometric muscle strength 
compared to controls. However, no corresponding differences were found in children. Further, 
lower limb muscle endurance did not differ. This implies that the impaired isometric muscle 
strength may develop during adolescence whereas the impaired muscle endurance may occur 
later. 
 

 

 

 

 

 

 
 



 
 

1 
 

Introduction   

Congenital heart disease (CHD) is the most common congenital abnormality. In Sweden, 

the prevalence is 0.8-1% (1). CHD differs in severity from simple to more complex heart 

lesions with univentricular heart being one of the most rare and complex ones. 

Univentricular heart is a term used to describe different types of CHD where one ventricle 

is underdeveloped and the surgical treatment aim to direct blood from the caval veins to 

the pulmonary circulation without passing any pumping ventricle (2-4).  

Fontan circulation 

The surgical treatments have developed drastically since the 1950´s and therefore, the 

survival of these children is constantly improving (2,3). The mortality of children born 

with univentricular heart used to be high. Most deaths occurred before or immediately 

after the first stage of surgical palliation (3,4). The survival into adulthood was earlier  

reported to be 49.1 %, which was the poorest survival of all CHD (5). However, life 

expectancy is now improving and today, the survival is approximately 85 % (6). 

The surgical method according to Fontan and Baudet was first described in 1971 (7). Until 

that, these patients were incompatible with surviving into adulthood. Systematic surgical 

treatment according to Fontan has been used in Sweden since the middle of the 1980´s 

(8). Initially the surgical principle was to connect the right atrium to the pulmonary 

artery, where the right atrium could act as a pump for pulmonary circulation (Figure 1, 9). 

However, this technique caused thrombosis, arrhythmias and failing pump function.  

. 
 
 
 
 
 
 
 
 

 

 

 

Figure 1. Illustration of the three variants of Fontan circulation. A) The original Fontan 

circulation. B) Total Cavo-Pulmonary Circulation (TCPC) with a bidirectional Glenn 

anastomosis. C) Modern TCPC with an external conduit (9). 

The next version of the method was developed during the 1980s, where the superior vena 

cava was anastomosed directly to the right pulmonary artery, Glenn procedure, and the 
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inferior vena cava was anastomosed directly to the pulmonary artery with a lateral tunnel 

technique, inside the right atrium. Today, the treatment usually includes three surgical 

stages, with the first stage performed during the neonatal period, a palliation depending 

on the hemodynamics of the defect. The second being the bidirectional Glenn procedure 

and the third is resulting in a Total Cavo-Pulmonary Circulation (TCPC) most often with 

an extracardiac conduit between the inferior vena cava and the pulmonary artery. These 

three surgical procedures are performed during the child’s first four years in life. All 

variants of the surgical method are refered to as Fontan circulation. This means that a 

single functional ventricle is supporting the systemic circulation, and a connection of the 

great systemic veins leading venous blood directly to the pulmonary arteries. Thus, the 

desaturated blood flow passively to the lung arteries which means the patients are 

dependent on the venilatory pump and the muscular pump of the peripheral muscles for 

venous return (2,10). 

Physical activity and muscle function in patients with CHD 

On group level, patients with Fontan circulation are equally physically active as healthy 

controls, about 50 % of current recommendations for promoting health (14). However, 

their exercise capacity compared to referents is severely reduced (11-17). The exercise 

capacity, peak VO2, in adults with Fontan circulation has been shown to be a mean of 

22.8±6.4 ml/kg/min, 59.3% of predicted peak VO2 (12). In addition, impaired lung 

function has also been reported in children and adolescents with Fontan circulation (15). 

Aerobic exercise capacity has been shown to be an important predictor of survival (18). 

However, the cardiac defects per se does not fully explain the exercise limitations found 

among these patients . Therefore, improving the knowledge of other contributing factors 

for the exercise limitations e.g. peripheral muscle function may help improve prognosis in 

these patients (19). 

Reduced skeletal muscle mass and impaired muscle metabolism has been reported in 

adult patients with Fontan circulation (11). Muscle function i.e. isometric muscle strength, 

muscle endurance and muscle metabolism in adults with various CHD, including Fontan 

circulation, has been reported to be impaired in comparison to healthy controls (11,12,20-

22). The respiratory and skeletal muscle weakness in younger adults with complex CHD 

resemble to what is found in older adults with acquired heart failure (19). Very few 

studies have investigated different perspectives of muscle function in children and 

adolescents with CHD. A previous study in children with Fontan circulation reported 

lower functional upper-body strength compared to healthy controls (17). The clinical 

experience is that patients with Fontan circulation often report of aching legs similar to 

growing pain. Further, thin legs which could indicate muscle dysfunction is commonly 

noticed in the clinical setting. However, the knowledge about skeletal muscle function in 

lower limbs in children and adolescents with Fontan circulation is scarce.  
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Aim 
The aim of the present study was to examine the isometric muscle strength and muscle 

endurance capacity of the lower limbs in children and adolescents with Fontan circulation 

in comparison to age and sex matched controls.  

Hypothesis 

H₁: Lower limb isometric muscle strength and muscle endurance in children and 

adolescents with Fontan circulation is impaired in comparison to age and sex matched 

controls 

H₀: Lower limb isometric muscle strength and muscle endurance in children and 

adolescents with Fontan circulation do not differ from age and sex matched controls 

Methods 

Design and implementation 

The present study is part of a Swedish multicenter research collaboration between the 

clinics specialized in peadiatric congenital heart disease in Umeå, Stockholm, Gothenburg 

and Lund (15,16,23-27).  

This is a cross-sectional study, where lower limb skeletal muscle function in children and 

adolescents with Fontan circulation was compared to age and sex matched controls.  

Study population 

Fourty-three children and adolescents with Fontan circulation were recruited and tested 

between September 2017- October 2018. Nineteen from the northern health care region 

(Västerbotten, Norrbotten and Västernorrland) and 24 from the region of Stockholm.  

The patients were identified in the local registry of patients with Fontan circulation at the 

pediatric cardiology department in the Stockholm region and in the northern health care 

region of Sweden. Inclusion criterias were children and adolescents, 6-18 years of age, 

with Fontan circulation. The age limit was set to > 6 years since the test procedure was 

considered to complex for younger children. Exclusion criterias were disabilities that 

prevented performance of the muscle function tests.  

In total 49 patients in the Stockholm region and 29 patients in the northern health care 

region of Sweden were identified to fulfill the inclusion criteria. Two of the patients from 

the northern health care region were excluded because of Downs syndrom but the rest 

were contacted. Information about the  aim and method of the study was sent by surface 

mail to the patients and their parents. The parents were then contacted by phone a few 

weeks later and asked about their childrens participation in the study.  
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Of the 49 patients in Stockholm that were contacted, 6 did not answer the phone and 19 

declined participation due to medical reasons, fear of hospitals or lack of time/interest. Of 

the 27 patients in the northern region of Sweden, 2 did not answer the phone and 8 

declined participation due to medical reasons or lack of time/interest. In total, 43 

patients, including both Stockholm and the northern regions of Sweden, participated in 

the study (Figure 2). One patient from the northern region were only able to perform the 

isotonic heel-lift test on one leg because of unilateral cerebral palsy. However, the patient 

was included since the patient was able to perform the other muscle function tests. 

Parallel to recruitment of the patients, an age and sex matched control subject was 

recruited for each patient. The control subjects should not have any congenital heart 

disease, which was controlled by an echocardiogram, and not fulfill any of the exclusion 

criterias. The  controls were recruited by convenience sampling i.e. children of personel 

employed at the pediatric clinic in Umeå. The number of controls that declined 

participation was not registrered. 

 

Figure 2. Flow chart over the recruitment process of patients with Fontan circulation and age and sex 

matched controls. 

The 35 patients who were excluded, did not answer the phone or declined participation in 

the study did not differ in age or sex compared to the 43 patients who were included in 

the study (Table 1). 

 

 

 

                       

 

 

              0 excluded   2 excluded               0 excluded 

       6 did not answer                      2 did not answer            0 did not answer      

             19 declined                         6 declined                               unknown number of declined 

 

Stockholm  

49 Patients 

Northern region 

29 Patients 

43 Matched  

Controls 

 

43 patients with Fontan circulation and 43 
age and gender matched controls included in 

the study 

43 patients and 43 controls with data 
regarding lower limb isometric muscle 

strength 

42 patients and 43 controls with data 
regarding lower limb muscle endurance for 

the right leg and 43 patients and 43 controls 
with data regarding lower limb muscle 

endurance for the left leg 
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Table 1. Age and sex of the included patients vs. the patients who were excluded/declined. 

 Patients (n=43) Excluded/Declined (n=35) p-value 
Age (years) 12.2±3.9 13.0±3.3 0.36 
Sex n(%) 
- male 
- female 

 
24(55.8) 
19(44.2) 

 
18(51.4) 
17(48.6) 

0.56 
 

Data are presented as mean ± SD and n(%). Comparisons between patients and controls were performed 

using Students t-test and chi2-test. 

The children and adolescents with Fontan circulation who were included in the study did 

not differ regarding descriptive data such as age, sex, weight, height, BMI and BMI Z-

score (28) compared to the age and sex matched controls (Table 2). 

Table 2. Descriptive data of children and adolescents with Fontan circulation and age and 

sex matched controls. 

 Patients (n=43) Controls (n=43) p-value 
Age (years) 12.2±3.9 12.2±4.0 0.98 
Sex n(%) 
- male 
- female 

 
24(55.8) 
19(44.2) 

 
24(55.8) 
19(44.2) 

1.0 
 

Weight (kg) 44.6±18.4 45.7±19.3 0.79 
Height (cm) 149.8±20.3 153.8±22.3 0.40 
BMI 18.9±3.6 18.3±3.3 0.47 
BMI Z-score 0.1±1.1 0.09±1.0 0.40 
Diagnosis n(%) 
- Hypoplastic left ventricle 
- Pulmonary atresia 
- Tricuspid atresia 
- Double outlet right ventricle 
- Double inlet left ventricle 

 
17(39.5) 
8(18.6) 

10(23.3) 
2(4.7) 

6(14.0) 

na 
 

 

Data are presented as mean ± SD and n(%). Body Mass Index (BMI) Z-score calculated for patients between 5 

and 19 years of age (28). Diagnosis extracted from the SWEDish register on CONgenital heart disease, 

SWEDCON (29). na; non applicable. Comparisons between patients and controls were performed using 

Students t-test and chi2-test. 

 
Measurement methods and output variables 

The muscle function tests were performed 5-7 weeks after the parents had been contacted 

by phone. The tests were conducted according to a standardized test protocol and the 

procedure took about one hour to perform. It was done at the university hospital in Umeå 

and the Karolinska university hospital in Stockholm. The same test equipment was used 

in both Umeå and Stockholm. Two physiotherapist were present in every test session. 

One of the physiotherapists were present during muscle function testing at both hospitals. 

In total, three different physiotherapist were conducting the muscle function tests. The 

physiotherapist were not blinded.  
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Descriptive variables 

Before initiating the muscle funtion tests, various type of descriptive variables was 

collected to better describe the participants. Data about the participants specific 

congenital heart disease was extracted from the SWEDish register on CONgenital heart 

disease, SWEDCON (29). The patients height (cm) and weight (kg) was registred. The 

Body Mass Index (BMI), using the pediatric Z-score for patients between 5 and 19 years of 

age was calculate to describe relative weight adjusted to age and sex (28). The calf 

musculature was meassured using a tape measure and the highest circumference for each 

calf was registered. Before initiating the tests, the participants were asked to kick a ball to 

identify and register their preferred leg. The arterial oxygen saturation (SpO2) was 

assessed using a  handheld pulse oximeter (GE Datex Ohmeda Tuffsat Handheld Pulse 

Oximeter, GE Healthcare, Sweden) before initiation the muscle function tests and after 

performing the muscle function tests. The pulse oximeter was applied on the finger tip of 

the index finger. To be able to describe the participants amount of physical activity, they 

answered a questionnaire about physical activity according to SWEDCON. The younger 

children got help from there parents to answer the questionnaire. The questionnaire 

comprises, for example, questions about participation in school gymnastics, free time 

sports and activities and need of rest during activity (29). 

Isometric plantar flexion muscle strength 

The peak isometric muscle force of the plantar flexors of the ankle was assessed using 

dynamometry (Anyload VETEK 0-5000N, VETEK, Fioarno, Italy). During the test of the 

plantar flexors the patients was sitting in a standardized position on a gurney (Figure 3). 

The participants sat with the tested leg, resting on the gurney, in a straight position and 

the angle of the ankel was positioned in 90 degrees flexion. The foot of the opposite leg 

was positioned on the floor or on a footrest and the knee was kept in approximately 90 

degrees o flexion. The dynamometer was placed above the knee, and was attached with 

inelastic straps around the waist and under the foot. The strap was placed over the 

metatarsophalangeal (MTP) joint of the foot. The participants wore a cast shoe, in 

adjusted size, to prevent the straps from moving and a plank behind  their back to prevent 

the straps from hurting when performing the test. The participants were prompted to on 

command press the foot towards the strap (plantar flexion), as hard as possible, for five 

seconds.  
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Figure 3. Measurement of peak isometric muscle force; plantar flexors of the ankle.   

Isometric knee extension strength 

The peak isometric muscle force of the knee extensors was assessed using the same 

dynamometer as described above. The participants were sitting on the gurney with back 

support and 90 degrees knee and hip flexion (Figure 4). An inelastic strap was connected 

between the dynamometer and an ankle strap attached around the ankle. They were 

instructed to on command, perform a maximum knee extension and to hold the 

contraction for five seconds.  

 

Figure 4. Measurment of peak isometric muscle force; extensors of the knee. 

Isometric muscle strength test procedure 

After application of the test equipment and prior to initiating the first series of both 

isometric muscle tests, the participants performed 2-3 submaximal muscle contractions 

in order to familiarize with the test procedure and the equipment. The submaximal 

muscle contractions was also considered to be warm up. In both of the isometric muscle 

strength tests, three repeated measurements were performed separated with a 1-minute 

rest. The testleader provided verbal guidance when to start the contraction (three-two-

one-go), encouragement during the entire contraction and when to stop. The tests were 

performed bilaterally, every other participant started with the right leg and every other 
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with the left leg, and the peak force was registered for all three repetitions. The 

participants continously got visual feedback regarding the force achieved from the 

monitor of the load. The mean of the three measurements for each leg was used for 

statistical analysis.  

The test-retest reliability  and the validity of portable fixed dynamometry and isokinetic 

dynamometry when testing knee extension is known to be high for healthy subjects (30). 

Isometric muscle strength of the knee extensors in adults (20) and in children (31) with 

CHD has been tested by isokinetic dynamometry in previous studies. The isokinetic 

dynamometer is similar to the one that was used in the present study. The dynamometry 

was used to enable usage of the same equipment in both Umeå and Stockholm. The 

quality aspects of the dynamometer has been evaluated for various groups of patients 

including CHD and chronic obstructive pulmonary disease and the method have been 

used in other studies concerning CHD (32,33). Isometric strength in plantarflexion 

measured with dynamometer has not been used or evaluated for children with CHD 

previously. 

Unilateral isotonic heel-lift 

Muscle endurance was assessed using unilateral isotonic heel lift test. The subjects were 

standing on one leg touching the wall with the fingertips for balance (Figure 5). The 

contralateral foot was held slightly above the floor. The subjects were asked to perform as 

many heel-lifts as possible. They were instructed to touch with the top of the head on a 

marked wooden plank on every heal-lift. The position of the plank was preset to represent 

each individual´s maximum reach. The maximum number of heel-lifts was registered. 

The participants were interrupted if they did not touch the plank or they interrupted 

themselves when they could not do anymore. Afterwards, the participants were asked to 

describe why they stoped. If the reason was leg pain, they were asked to rate the percieved 

intensity of leg pain according to the Coloured Analogue Scale, CAS (34). 

    

Figure 5. Measurement of muscle endurance by unilateral isotonic heel-lift. 
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Originally this test was evaluated in patients with chronic heart failure (35) however, it 

has previously been used in adults with CHD (20,21). The original test procedure 

included the patients standing on a 10° tilted wedge and performing the heel-lifts every 

other second using a metronome (35). In this study, the test procedure was slightly 

modified to better suit younger children. Therfore the tilted wedge and metronome were 

excluded. 

Other collected data 

As the present study is part of a larger study protocol, additional data was collected 

during the same visit but will not be analyzed in the present study. For example, body 

composition was assessed using DXA, a questionnaire about D-vitamin intake, a blood 

sample to find possible biomarkers for early liver disease and Near Infrared Spectroscopy 

(NIRS) was used to measure the oxygen metabolism in the muscle during the muscle 

endurance test.  

Ethics 

Those who accepted study participation got a detailed study information along with a 

consent form sent by surface mail. For participating children < 18 years of age, both 

parents should sign the consent form. Children > 15 years of age also gave their oral 

consent before initiating the muscle function tests and those aged 18 left their written 

informed consent by themselves.  

None of the tests used were invasive or caused physical pain. The included patients had 

no restrictions for physical activity due to their CHD and the tests were therefore not 

considered as a risk. The children and adolescents were at most somewhat exhausted 

after performing the muscle tests.  

The collected data of each participant was provided with an id-number and stored in a 

safe deposit during the process of the study. The code key was looked in elsewhere. 

The study was approved by the regional ethical review board, Umeå (Dnr: 2016-445-

31M). Ethical approval is attached (Appendix 1). 

Statistics 

The statistical analyses were performed using the Statistical Package for Social Sciences 

version 24 (SPSS, IBM corp., Armonk, NY, US). All data are presented as means with 

standard deviation (SD) and ratios with percentages. Differences between groups were 

analyzed using Students t-test (means) and chi2-test (ratios).  

The aim was to compare the results from the muscle function tests performed in children 

and adolescents with Fontan circulation and the age and sex matched controls. Since the 

sample size was > 20 participants per group and the results of the muscle function tests 
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were normally distrubuted quantitative data, parametric statistics in form of a Students t-

test was used. In addition, due to the large age range 6-18 years, the data was also diveded 

into two subgroups; children aged 6-12 years and adolescents aged 13-18 years. The 

quantitative data of the subgroups was also normally distributed. Therefore, parametric 

statistics i.e. Students t-test was used although the sample size of the subgroup of 

children was < 20 participants per group. The null hypothesis was rejected for p-values 

<0.05. 

Results 

Isometric plantar flexion muscle strength 

The children and adolescents with Fontan circulation had  impaired isometric plantar 

flexion muscle strength in the left leg but not in the right leg compared to the healthy age 

and sex matched controls (Table 3). Further, impaired isometric muscle strength in the 

left leg was also seen in the subgroup of adolescents aged 13-18. However, no difference 

was seen regarding the subgroup of children aged 6-12 compared to controls.  

Table 3. Comparison of isometric plantar flexion muscle strength test (N), in children and 

adolecents with Fontan circulation and age and sex matched controls. 

 
Isometric plantar flexion 
strength (N) 

Patients Controls p-value 

All children and adolescents  
- Right 
- Left 

(n=43) 
418.3±207.2 
393.9±181.1 

(n=43) 
479.7±230.3 
492.5±241.6 

 

 
0.20 
0.04 

Children aged 6-12  
- Right 
- Left 

(n=18) 
271.1±108.2 
255.5±101.1 

 

(n=18) 
304.0±113.7 
328.9±155.8 

 
0.38 
0.10 

Adolescents aged 13-18  
- Right 
- Left 

(n=25) 
524.3 ±197.2 
493.6 ±159.5 

(n=25) 
606.3±209.4  
610.4±224.6 

 
0.16 
0.04 

 

Data are presented as mean ± SD. N; Newton, n; number. Comparisons between patients and controls were 

performed using Students t-test. Bold figures indicate p-values <0.05. 
 

Isometric knee extension muscle strength 

The children and adolescents with Fontan circulation had impaired isometric knee 

extention muscle strength compared to the healthy age and sex matched controls. 

Further, regarding the subgroups, impaired isometric knee extention muscle strength was 

found in adolescents aged 13-18 but not for the children aged 6-12 (Table 4).  
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Table 4. Comparison of isometric knee extention muscle strength test (N), in children and 

adolescents with Fontan circulation and age and sex matched controls. 

 
Isometric knee extention 
strength (N) 

Patients  Controls  p-value 

All children and adolescents  
- Right 
- Left 

(n=43) 
222.8±101.1 
220.7±102.7 

(n=43) 
293.0±164.9 
279.5±159.1 

 

 
0.02 
0.05 

Children aged 6-12  
- Right 
- Left 

(n= 18) 
144.2±51.4 
134.9±50.6 

 

(n=18) 
166.0±71.0 
160.0±70.0 

 
0.30 
0.23 

Adolescents aged 13-18  
- Right 
- Left 

(n=25) 
279.5±90.0 
282.5±84.5 

(n=25) 
384.9±152.0                
365.0±150.2 

 
0.01 
0.02 

 
 
Data are presented as mean ± SD. N; Newton, n; number. Comparisons between patients and controls were 

performed using Students t-test. Bold figures indicate p-values <0.05. 

Isotonic unilateral heel-lift 

The muscle endurance capacity assesed with the isotonic unilateral heel-lift test did not 

differ between children and adolescents with Fontan circulation and the healthy age and 

sex matched controls (Table 5).  

Table 5. Comparison of isotonic unilateral heel-lift test (n), in children and adolecents 

with Fontan circulation and age and sex matched controls. 

Isotonic unilateral heel-lift (n)  Patients Controls P-value 

All children and adolescents  
- Right 
- Left  

(n=43) 
25.4±16.5 
25.0±14.0 

(n=43) 
25.4±12.9 
26.1±12.9 

 

 
1.0 

0.71 

Children aged 6-12  
- Right 
- Left 

(n=18) 
17.7±9.6 

18.4±10.6 
 

(n=18) 
19.2±10.1 
21.3±12.5 

 
0.65 
0.47 

Adolescents aged 13-18  
- Right 
- Left 

(n=25) 
31.2±18.4 
29.6±14.5 

 

(n=25) 
30.4±12.7                               
30.1±12.0                 

 
0.86 
0.91 

Data are presented as mean ± SD. n; number. Comparisons between patients and controls were performed 

using Students t-test. 

Descriptive variables 

Children and adolescents with Fontan circulation discountinued the unilateral isotonic 

heel-lift test due to pain to a higher extent than the control subjects. The peripheral 
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capillary oxygen saturation was lower in the children and adolescents with Fontan 

circulation both pre and post testsprocedure (Table 6).  

Table 6. Data on calf circumference, preffered leg, cause of test abortion and arterial 

oxygen saturation in patients and controls. 

 Patients (n=43) Controls (n=43) p-value 
Calf circumference (cm) 
- Right 
- Left  

 
29.4±5.0 
29.4±4.8 

 
30.4±4.8 
30.3±4.8 

 
0.37 
0.39 

Preffered leg n(%) 
- Right 
- Left  

 
40 (93.0) 

3 (7.0) 

 
37 (86.0) 
6 (14.0) 

0.29 

Pain as cause of test 
abortion yes (n%) 
- Right leg  
- Left leg  

 
 

24 (57.1) 
25 (58.1) 

 
 

15 (34.9) 
17 (39.5) 

 
 

0.04 
0.08 

Reported leg pain (CAS) 
- Right 
- Left 

 
5.8±2.2 
6.5±1.9 

 
5.1±2.2 
5.0±2.3 

 
0.33 
0.04 

SpO2 (%) 
- Pre test 
- Post test 

 
93.7±2.7 
93.7±2.7 

 
98.1±1.1 
98.1±1.1 

 
0.01 
0.01 

Data are presented as mean ± SD and n(%). Pain reported as cause of test abortion; asked as an open question 

after “Unilateral Isotonic Heel-Lift test”. Leg pain according to Coloured Analogue Scale, CAS, range 0-10, 

after discontionuation of  “Unilateral Isotonic Heel-Lift test”. SpO2; Peripheral capillary oxygen saturation. 

Comparisons between patients and controls were performed using Students t-test and chi2-test. Bold figures 

indicate p-values <0.05. 

Two controls did not answer any questions according to the SWEDCON questionaire 

about physical activity (29) despite they were asked to. Further, two controls and one 

patient only answered some of the questions. Four controls and two patients were going 

to preschool or highschool and were not having school sports. Therefore, they were not 

able to answer, or answered “never”, on the two questions about participation school 

sports. Two patients reported not participating in school sports due to other medical 

reasons than their CHD. However, the majority of the participants answered the 

questionaire, showing the children and adolescents with Fontan circulation were less 

active in free time physical activity. They were also in a greater need of rest during activity 

(Table 7).  
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Table 7. Physical activity according to SWEDCON questionnaire.  

 Patients (n=43*) Controls (n=41*) p-value 
Participation in school sports?  
- Never 
- Seldom 
- Mostly 
- Always 

 
3(7.0) 
2(4.7) 
7(16.3) 

30(69.8) 

 
3(7.0) 
0(0.0) 
2(4.7) 
34(79) 

0.18 
 

Level of participation in school sports?  
- Not much  
- Much 
- Until breathless/sweaty 

 
6(14.0) 
16(37.2) 
17(39.5) 

 
1(2.3) 

11(25.6) 
23(53.5) 

0.07 

Participation in free time activity?  
- Yes 

 
26(60.5) 

 
40(97.5) 

 
0.01 

Do you need to rest during activity?  
- Yes  

 
29(67.4) 

 
9(20.9) 

 
0.01 

Data are presented as n(%). Questions about physical activity according to SWEDish register on CONgenital 

heart disease (SWEDCON) questionnaire (29). *Not all participants did answer all questions. Comparisons 

between patients and controls were performed using Students t-test and chi2-test. Bold figures indicate p-

values <0.05.  

Discussion 

The main findings of the present study were that in comparison to healthy age and sex 

matched controls the isometric knee extension muscle strength is impaired in adolescents 

(13-18 years) but not in younger children (6-12 years) with Fontan circulation. In 

addition, impaired isometric plantar flexion muscle strength was only found in 

adolescents and only for the left leg. However, no differences regarding calf muscle 

endurance capacity was found.  

Lower limb isometric muscle strength 

The finding of impaired isometric plantar flexion muscle strength in adolescents only 

present in the left leg is somewhat difficult to explain. Although speculative, the cardiac 

catheterization via the femoral artery made during previous surgical interventions might 

have impacted on the finding of side differences (2,10). Unfortunatly, information on 

which femoral artery the previous catheterizations were performed through could not be 

retrieved. No previous studies have investigated isometric plantar flexion muscle strength 

in children and adolescents with Fontan circulation. Findings in the present study is 

therefore unique data.  

The adolescents also had impaired isometric knee extention muscle strength compared to 

age and sex matched controls. The method used to examine isometric knee extention 

muscle strength is considered to be reliable and valid, therefore the results is most likely 

adequate (30,32,33). This results is also consistent with the impaired isometric knee 

extention strength that has been reported in adults with CHD (20). Impaired muscle 

function in adults with CHD is a known phenomenon (11,12,20,21), however, it is not 

known when that impairement occur. The present study suggest the impairement in 
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lower limb isometric muscle strength develops during adolescence. During puberty, an 

increased hormone production spurs a rapid growth spurt which results in increased lean 

muscle mass and muscle strength (37,38). The increased lean muscle mass and muscle 

strength during puberty might explain the difference in isometric muscle strength present 

in adolescents but not in children in the present study i.e the impaired isometric muscle 

strength seem to occur after puberty, > 12 years of age. It could be speculated that the 

development of increased lean muscle mass and muscle strength, due to hormonal 

factors, is inhibited in patients with Fontan circulation and therefore impact the 

difference in muscle strength between the adolescents with Fontan circulation and the 

controls.  

It has been stated that the majority of the clinical and physiological alignments in patients 

with Fontan circulation is due to upstream venous congestion and downstream decreased 

output. Therefore, the patients with Fontan circulation are dependent on the ventilatory 

pump and  muscular pump of the peripheral muscles for venous return (2,10). The 

explanation for the reduced aerobic exercise capacity in patients with Fontan circulation 

has, until recently, been limited cardiorespiratory function. However, several studies 

suggests the skeletal muscle function to be an important component for exercise capacity 

(17,19,22,36). The finding of impaired lower limb muscle function in adolescents with 

Fontan ciculation may therefore be an important contrubuting factor to the reduced 

exercise capacity that is seen in adulthood in these patients (12-14).  

The impaired isometric muscle strength in the adolescents with Fontan circulation can 

partly be explained by physiological factors but environmental factors may also 

contribute. It has been reported that parenting stress increase significantly when having 

children with complex CHD (39). The potenially protective behavior of the parents might 

affect the childrens amount of physical activity from early age. However there are a 

limited amount of studies that have investigated physical activity level in children with 

Fontan circulation (16). The majority of children and adolescents in the present study, 

both controls and those with Fontan circulation, were participating in school sports. 

However, the children and adolescents with Fontan circulation were less active in free 

time activities. They also reported a need of rest during  activity in a greater extent than 

the healthy children and adolescents (Table 7). The activity level of the patients in this 

study might possibly be a factor affecting the poorer results on the isometric muscle 

strength tests. Since the patients with Fontan circulation are dependent on the muscular 

pump of the peripheral muscles for venous return (2,10), it could be especially important 

for these children and adolescents to be physically active. Particulary, it might be 

important for healthcare professionals to encourage adolescents with Fontan circulation 

to be physically active since the impaired muscle function seem to develop during 

adolescence. Resistance muscle training in adults with Fontan circulation have been 
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reported to improve muscle mass, muscle strength and exercise capacity (37). Introducing 

resistance muscle training in early adolescence might be of great importance, however 

more research is needed.  

Lower limb muscle endurance 

There was no difference regarding calf muscle endurance capacity between the patients 

and control subjects. However, previous studies have shown that younger children are 

less able to activate plantar flexor and knee extention motorneurons than adolescents and 

adults (38). The impairement of endurance capacity seen in adults (21) might develop 

over a longer period of time and therefore not possible to detect in children and 

adolescents. However, it might also be to early to detect a difference with these kind of 

tests for the younger children. It is hypothesized that children, compared to adults, are 

substantially less capable of recruiting or fully employing their type-II motor units which 

have a higher threshold than type-I motor units. Employing less type-II motor units (i.e 

more type-I motor units) would mean greater muscular endurance, or lower muscle 

fatigability, in repeated contractions such as isotonic unilateral heel-lifts (38). Greater 

muscular endurance as a result of employing more typ-I motor units and therefore 

performing more heel-lifts would, in theory, affect the ability to identify a possible 

difference between the patients and control subjects.  

Further, children and adolescents with Fontan circulation did to greater extent 

discontionue the isotonic unilateral heel-lift test due to pain. Additionally, they rated the 

intensity of pain higher than the control subjects, but only for the left leg. As mentioned, 

the cardiac catheterization of the femoral artery made during the surgical interventions 

may possibly have an impact on the detected side differences in both lower limb isometric 

muscle strength and reported intensity of pain (2,10). The catheterization might cause 

damage to the blood vessels of the lower limb. Patients with Fontan circulation also have 

impaired cardiac output (37). A hypothesis is that a combination of the impaired cardiac 

output and possibly damaged blood vessels could result in impaired blood supply to the 

muscles of the lower limb during work and therefore be a contributing factor for pain. 

However, studies further investigating this are needed.  

Limitations 

Population 

During the recruitment process of the study, only two patients out of 78 possible were 

excluded because of disabilities. However, many of the ones who declined participation 

(n:25) did so due to medical reasons and fear of hospitals. This indicates that they might 

be more affected by their heart disease. Therefore, it could be speculated that they would 

have performed worse on the muscle function tests. One could also question if the 
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participating children and adolescents with Fontan circulation is representative for the 

Fontan population or if they had a better physical function than average in this 

population. It is however not possible to find out if that is the case. Further, the ones who 

were excluded, did not answer or declined participation did not differ in age and sex 

compared to the ones who were included in the study. In that aspect, the participating 

patients were representative for the Fontan population aged 6-18. 

Test procedure 

When performing tests on children as young as 6 years of age, it is a challenge to 

standardize the testprocedure because of limited development of motor skills in the 

children. However, the test procedure was as standardized as possible and the tests were 

simplified to better suit children. The quality aspects of the isokinetic dynamometry when 

testing isometric muscle strength in knee extention have been evaluated for children with 

CHD (31) and the isokinetic dynamometry is similar to the one used in the present study. 

A limitation though is that the quality aspects of testing isometric muscle strength in 

plantar flexion with isokinetic dynamometry not has been evaluated for children with 

CHD previously.  

It would have been favourable to blind the physiotherapist who performed the muscle 

function tests both in Umeå and in Stockholm. However, that was not possible since the 

group that was tested in Stockholm were all patients with Fontan circulation which the 

physiotherapist was aware of. Also, the controls in the northern region were collected by 

convenience sampling i.e. children of personnel employed at the pediatric clinic in Umeå 

and the physiotherapist performing the test did also work there. However, the statistical 

analyses were performed on data with an id-number and the code key was not available 

for the physiotherapist who performed the analyze.  

Statistics 

The statistical analyses were performed both for the whole group and also for the 

subgroup stratified by age. Since the number of participants was limited and all patients 

with Fontan circulation in the area were asked to participate, no power calculation for 

sample size was done prior to data collection. The statistical power, especially for the 

subgroups, might therefore be limited. The mean of the three repetitions for the isometric 

knee extention muscle strength test and the isometric plantar flexion muscle strength test 

was used. A limitation when using comparison of means is that potential outliers might 

have affected the results. However, the same limitation applied to the controls.  

A limitation with the statistical method used in the present study is the risk of mass-

significans when using subgroups and the inability to compare the subgroups with each 

orther. In order to confirm the hypothesis that the impaired isometric muscle strength 

developes during adolescents, an ANOVA-model would be prefereble.   
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Ethics 

None of the tests used were invasive or caused physical pain. The included patients had 

no restrictions for physical activity due to their CHD and the test were therefore not 

considered as a risk. However, many of the participants, especially the patients with 

Fontan circulation, discontionued the isotonic unilateral heel-lift test due to pain. This 

was considered to be a result of muscle fatique but no follow-up of the leg pain was done. 

However, the participants and parents were informed about the risk of muscle fatique 

prior to accepting participation in the study.  

Gender 

The results from both girls and boys were analyzed together in this study. For the younger 

children who had not yet entered puberty this should not be a problem since they are 

physiologacally very much alike (38,39,41). For the adolescents it might have been 

appropriate to analyse the results based on sex. However, stratifying by age was 

considered as more appropriate due to the significant physiological development of 

muscle function during puberty (38,39,41). However, the sample size did not permit 

analysis of both age and sex.   

Conclusion 

Adolescents (aged 13-18) with Fontan circulation had impaired lower limb isometric 

muscle strength compared to controls. However, no corresponding differences were 

found in younger children (aged 6-12). Further, lower limb muscle endurance did not 

differ. This implies that the impaired isometric muscle strength might develop during 

adolescence whereas the impaired muscle endurance may develop later in life. It might be 

of great importance for healthcare professionals to encourage adolescents with Fontan 

circulation to perform strengthening exercises to improve muscle function. Improved 

muscle function might be advantageously both for venous return, exercise capacity and to 

prevent the impaired muscle function to increase further with age. More knowledge of 

why and when the impaired muscle function develop is an important target for the future 

research and treatment of patients with Fontan circulation. 
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