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Abstract 
Background: CNS lesions that are acquired early in life e.g. cerebral palsy 
(CP) disturb muscle development and growth, while CNS injuries acquired 
later in life e.g. stroke, affect fully matured muscles and cause paresis and 
atrophy. These differences may result in different contracture phenotypes. 
Aim: The purpose of this study was to compare systemic biomarkers and 
gene expression levels in muscle of individuals with CNS lesions acquired 
early and later in life. Methods: Blood samples and muscle biopsies were 
analyzed using Enzyme-linked immunosorbent assay and Real-time PCR 
from n = 24 control participants, n = 14 individuals with cerebral palsy, and n 
= 12 stroke survivors. Results: Systemic markers: Myostatin was significant-
ly decreased in both the cerebral palsy (p = 0.0051), and the stroke group (p = 
0.036). Creatine Kinase-MB and C-Reactive Protein were significantly ele-
vated in stroke patients only (p < 0.007 & p > 0.034 respectively). Gene ex-
pressions: The expression of myostatin (MSTN) was significantly lower in 
both the ST and the CP group when compared to Ctrl (p = 0.02). In addition, 
collagen type 4A1 (COL4A1) was significantly lower in the CP group com-
pared to the other groups (p = 0.015). Finally, the troponin 1 slow skeletal 
muscle type was significantly increased in the ST group when compared to 
both CP and Ctrl (p = 0.03). Conclusion: The downregulation of myostatin 
in individuals with both early and late CNS injury is likely a compensatory 
reaction to muscle weakness, reduced muscle mass and/or muscle atrophy. 
Changes in gene expression may reflect a specific alteration depending on 
when in life the CNS lesions were acquired. 
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1. Introduction 

Muscle contractures are common complications following lesions to the central 
nervous system regardless of whether the lesion occurs early in life (e.g. Cerebral 
palsy; [1]) or late in life (e.g. stroke; [2]). Muscle contractures are characterized 
by increased resistance of the passive elastic elements in the muscle and sur-
rounding tissue leading to reduced range of movement and dislocation of joints 
[3]. Muscle contractures are therefore one of the most debilitating complications 
to central nervous lesion causing pain, reduced mobility, compromised hygiene 
and reduced social participation [4]. There is at present no effective therapy of 
muscle contractures, although considerable efforts are put into stretching and 
other forms of physical therapy [5]. Part of the reason why we have not been 
successful in finding an effective therapy is that the pathophysiology of contrac-
tures has not been clarified. There is increasing evidence to suggest that reduced 
growth of muscles in infants with cerebral palsy may lead to excessive stress on 
the muscles as bones grow longer and thereby trigger the development of con-
tractures [6] [7]. However, this cannot explain the development of contractures 
in adults following stroke and other lesions of the central nervous system. It has 
been assumed for decades that increased muscle activity due to spasticity main-
tains muscles in a shortened position resulting in development of contractures. 
However, several studies have now documented that altered resistance of the 
passive elastic elements in the muscle occurs prior to development of spasticity 
and that contractures still develop when spasticity has been effectively abolished 
by section of dorsal roots [8]. 

We have recently argued that the lack of a pathophysiological explanation of 
contractures may reflect that the pathophysiology is complex and likely involves 
multiple factors in a complex network of tissues, stimuli, and regulatory factors 
that define tissue homeostasis [3]. Comparing these factors in individuals with 
cerebral palsy and stroke provides an opportunity to explore which of these fac-
tors are similarly altered following lesions early and late in life. Identifying 
common patterns of changes would help to clarify whether similar signaling 
pathways or separate pathophysiological mechanisms are involved when lesions 
occur early and late in life. The present study is a first attempt at addressing this 
issue by comparing systemic and gene expression levels of specific factors related 
to contracture development in individuals with cerebral palsy or stroke  

2. Materials & Methods 

All participants were Danish citizens, recruited in Copenhagen Denmark and 
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gave informed consent. The protocol was approved by the Regional Ethics 
Committee for Copenhagen (H-4-2014-047). The protocol was in compliance 
with the Helsinki Declaration. Blood samples were taken from healthy volun-
teers, individuals with CP, and stroke survivors. All but one of the ELISA studies 
included 50 participants: 24 healthy (n = 24 Ctrl), 14 with spastic CP (n = 14; 
CP), and 12 stroke survivors (n = 12; ST). All subject characteristics are shown 
in Table 1 in Mean ± SD. The Inclusion criteria for the Ctrl group were both 
female and male subjects above 18 years of age with no prior history of muscle 
disease or any other chronic diseases. The exclusion criteria of the Ctrl group 
were less than 18 years of age, chronic diseases and prior muscle disease. The In-
clusion criteria for the CP group were: individuals with spastic CP (both female 
and male) above 18 years of age with muscle contractures in at least one joint. In 
Denmark most individuals with CP are diagnosed with CP with less than two 
years of age.  

The exclusion criteria of the CP group were less than 18 years of age and lack 
of contractures. 

The Inclusion criteria for the ST group were: individuals above 18 years of age 
(both female and male), who had experienced a stroke and suffered from muscle 
contractures in at least one joint. The exclusion criteria of the ST group was less 
than 18 years of age and lack of contractures. The included participants had a 
Mean age of: 42 ± 3 in the CP group and 47 ± 3 in the ST group. The gender dis-
tribution was as follows: (CP group n = 8 females and n = 6 males); (ST group n 
= 6 females and n = 6 males). Thus, individuals from the CP and ST group also 
underwent a clinical investigation were the Modified Ashworth scale (MAS) and 
the range of motion (ROM) in their ankle joints was measured and recorded 
(Table 2). Type of CP and a score according to the Gross Motor Function Clas-
sification system (GMFCS) were recorded. The clinical history of the partici-
pants from the CP and the ST group is shown in detail in Table 2. All blood 
samples were taken from the medial cubital vein and centrifuged to separate the 
plasma. The plasma was kept at −80˚C until testing. The systemic levels of all 
markers in the plasma were determined through enzyme-linked immunosorbent 
assay (ELISA). 

Collagen IV levels were detected using a Sandwich ELISA (Human Collagen 
IV ELISA Kit from LifeSpan BioSciences, Inc. Seattle, WA), with analytic sensi-
tivity 7.8 - 500 ng/mL and intra-inter assay CV of <10% & <12% respectively. 
 
Table 1. Subject characteristics. 

Group Age (y) Height (m) Weight (kg) 
BMI 

(weight/height2) 
Time since 
stroke (y) 

Gender F/M 

CP 41.9 ± 12 173.3 ± 11 71.9 ± 13 24.3 ± 7  8 female/6 male 

ST 46.6 ± 11 176.1 ± 8 74.8 ± 13 24.0 ± 3 3.6 ± 1.3 6 female/6 male 

Ctrl 40.5 ± 9 177 ± 11 80.5 ± 14 25.8 ± 4 
 

9 female/14 male 

All data are shown in Mean ± SD. 
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Table 2. Clinical history. 

 
Diagnosis Type Walking Aids Sex Age GMFCS 

MAS 
plantarflexion 

(right) 

MAS 
plantarflexion 

(left) 

ROM 
dorsiflexion 

(right) 

ROM 
dorsiflexion 

(left) 

CP 
          

CP1 Spastic CP diplegic Crutches M 25 3 1 1 20 20 

CP2 Spastic CP diplegic Crutches F 56 2 1 3 20 10 

CP3 Spastic CP hemiplegic - M 42 1 0 1 20 10 

CP4 Spastic CP quadriplegic Wheelchair F 49 3 0 1 10 10 

CP5 Spastic CP quadriplegic Wheelchair M 24 4 2 1 10 10 

CP6 Spastic CP diplegic Crutches F 48 2 2 0 20 20 

CP7 Spastic CP diplegic Walking stick F 48 2 4 2 0 10 

CP8 Spastic CP diplegic Wheelchair F 51 2 3 2 10 0 

CP9 Spastic CP diplegic Crutches F 58 3 1 1 20 20 

CP10 Spastic CP diplegic Crutches M 49 2 0 0 20 20 

CP11 Spastic CP hemiplegic - M 48 2 2 3 10 0 

CP12 Spastic CP diplegic Wheelchair F 38 3 0 0 0 10 

CP13 Spastic CP diplegic Crutches M 25 1 0 0 10 10 

CP14 Spastic CP diplegic Crutches F 25 3 2 0 10 20 

Stroke 
          

ST1 
Brain tumor 
and stroke 

hemiplegic Orthosis F 34 - 3 0 5 22 

ST2 Stroke hemiplegic Orthosis F 57 - 0 0 20 0 

ST3 
Stroke after 

accident 
hemiplegic Orthosis M 46 - 0 2 15 0 

ST4 Stroke hemiplegic Orthosis F 24 - 3 0 -5 25 

ST5 Stroke hemiplegic Orthosis F 48 - 0 3 20 20 

ST6 Stroke hemiplegic Scooter M 52 - 3 0 -10 20 

ST7 
Stroke after 

accident 
hemiplegic Orthosis M 48 - 0 3 10 0 

ST8 Stroke hemiplegic Orthosis F 45 - 0 2 20 20 

ST9 Stroke hemiplegic Orthosis F 55 - 0 3 25 0 

ST10 Stroke hemiplegic Orthosis M 48 - 3 0 0 25 

ST11 Stroke hemiplegic Orthosis M 38 - 2 0 10 25 

ST12 Stroke hemiplegic Orthosis M 65 - 0 1 10 15 

 
Troponin I levels were detected using a sandwich ELISA (Human Troponin I 

from Sigma-aldrich, Saint Louis, MO. USA), with a min. detectable dose of 0.61 
ng/mL and intra-inter assay CV of <10% & <12% respectively. 

Matrix Metalloproteinase-2 (MMP-2) levels were detected using a sandwich 
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ELISA (Human Troponin I from Sigma-aldrich, Saint Louis, MO. USA), with a 
min. detectable dose of 3.5 pg/mL and intra-inter assay CV of <10% & <12% re-
spectively. 

Myostatin levels were detected using a sandwich ELISA (Quantikine ELISA 
for GDF-8/Myostatin), with a min. detectable dose of 2.25 pg/mL and intra-inter 
assay CV of <4% & <5% respectively. 

Creatine Kinase-MB (CKMB) levels were detected using a sandwich ELISA 
(Human CKMB ELISA Kit from ThermoScientific), with a min. detectable dose 
of 0.3 ng/mL and intra-inter assay CV of <10% & <12% respectively. 

C-Reactive Protein (CRP) levels were detected using a sandwich ELISA (Hu-
man C-Reactive Protein from R & D Systems), with a min. detectable dose of 
0.01 ng/mL and intra-inter assay CV of <6% & <7% respectively. 

Muscle biopsy procedure 
The muscle biopsies were obtained from the medial Gastrochnemius muscle 

after local anesthesia (1% lidocaine) and incision of the overlying skin. The bi-
opsy was taken using a 5-mm Bergstrom needle (Stille, Stockholm, Sweden) with 
manual suction. The obtained muscle biopsies weighted around 80 - 100 mg. 
The samples were snapfrozen in liquid nitrogen and stored at −80˚C until fur-
ther investigation.  

RNA extraction 
Total RNA was extracted from fresh frozen muscle samples from 24 subjects 

using 1 ml of TriReagent (MRC) containing four stainless steel balls of 2.3 mm 
diameter (BioSpec Products, Inc., Bartlesville, Oklahoma, USA), and one sili-
con-carbide sharp particle of 1 mm (BioSpec Products, Inc.), by shaking in a 
Precellys Evolution tissue homogenizer (Bertin Instruments, Rockville, USA) at 
maximal speed for 15 s. In order to obtain complete homogenization of the tis-
sue, the shaking process was repeated four times with cooling on ice between 
each shaking step (to avoid heating of the sample). Following homogenization, 
bromo-chloropropane was added to separate the samples into an aqueous and 
an organic phase. Following isolation of the aqueous phase, RNA was precipi-
tated using isopropanol. The RNA pellet was washed in 75% ethanol and subse-
quently dissolved in RNase-free water. The RNA quality was verified using 
custom made agarose gels and the RNA concentration was determined using a 
Qubit 3.0 fluorometer (Invitrogen, Thermo Fisher Scientific, Eugene, Oregon, 
USA). The RNA samples were stored frozen at −80˚C until subsequent cDNA 
synthesis. All analysis was conducted according to the manufacturers protocols. 

PCR protocol 
The samples were subsequently prepared for PCR analysis using the Brilliant 

III ultra-Fast QPCR Master Mix kit (Agilent technologies Inc., Foster City, Cali-
fornia, USA). In brief, for a final concentration of 300 nM in the reaction the 
samples were diluted 1:500 as recommended by the manufacturers protocol and 
15 ul of mastermix dye was mixed with 0.075 ul primer per well (0.3 uM forward 
and reverse primer pr well) (Table 3). Subsequently, each well was then filled 
with 23 ul of mastermix. After that 2 ul of prediluted cDNA was added to each  
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Table 3. Primer sequences. 

Target Alias Sense Antisense 

Glyceraldehyde-3-phosphate dehydrogenase GAPDH AGTCAGCCGCATCTTCTTTT CATGGGTGGAATCATATTGG 

60s acidic ribosomal protein P0 RPLP0 GGAAACTCTGCATTCTCGCTTCC CCAGGACTCGITGTACCCGGTT 

Myostatin MSTN TGCTGTAACCTTCCCAGGACCA GCTCATCACAGTCAAGACCAAAATC 

Collagen type 4A1 COL-4A1 TCGCTGTGGATCGGCTACTCT CGATGAATGGCGCACTTCTAAAC 

Collagen type 4As COL-4A3 ATCGTGGTCCACCAGGCTCA CAGGGTGGCCCATAGACCCTT 

Matrix Metallopeptidase-2 MMP2 CCGCCTTAACTGGAGCAAAAACA TTGGGGAAGCCAGGATCCATT 

Troponin l1, slow skeletal muscle type TINNI-1 GAGGTGGGTGACTGGAGGAAGAA GGCACAGGGCTGGAGGAAAGGT 

Troponin l2, fast skeletal muscle type TINNI-2 GCCAAGAAAAAGAAGGTGCTGTCC TCTGCTGTITCAGCTTCGCCATC 

 
well (The cDNA was pre-diluted in order to equalize the amount of cDNA to 1.5 
ug in each sample). 

The PCR plate was the placed in an Agilent AriaMX machine and the stan-
dard thermal protocol for the Agilent AriaMX was applied: 1 cycle for 3 min at 
95˚C, 40 cycles for 5 sec at 95˚C followed by 10 sec at 60˚C. Once the PCR pro-
tocol had run, the ΔR values for each target were exported to Microsoft exel us-
ing the AriaMX software from Agilent Technologies. The fluorescence threshold 
was set at 500 for all targets. After that all raw data were normalized to the 
housekeeping gene GAPDH. 

Statistics 
Subject characteristics are shown in Mean ± SD in Table 1. A nonparametric, 

unpaired Wilcoxon test was used to compare the groups and determine signifi-
cant differences between the three groups. Values outside of the sensitivity range 
of the ELISA kits were removed from the data, as were outliers greater than two 
standard deviations away from the mean. All graphs and statistical tests were 
created and performed in R. The level of significance was p < 0.05 for all analys-
es. The effect size was calculated using Cohen’s d effect size calculation equation. 
The p values were interpreted as follows: A P value around 0.05 was recognized 
as “weak evidence”, while a p value less than 0.01 was recognized as “strong evi-
dence” and a p value less than 0.001 was recognized as “very strong evidence”. 

3. Results 

Myostatin: The ST and the CP group had significantly lower plasma myosta-
tin levels than the Ctrl group (p = 0.036, p = 0.0051 respectively, Figure 1). 
There was no significant difference between ST and CP (p = 0.83). (Mean ± SD: 
CP = 43.3 ± 10.9; ST 48.5 pg/mL ± 13.8 pg/mL; Ctrl = 7.5 ± 30.4 pg/mL). 

Creatine Kinase (MB isoform) (CKMB): The CKMB levels were significant-
ly higher in the ST group than the Ctrl group (p < 0.007, Figure 2). There was 
no significant difference between ST and CP (p = 0.26). Furthermore, there was 
no significant difference between CP and Ctrl (p = 0.11). CKMB: Mean ± SD: CP 
= 10.5 ± 4.9 ng/mL; ST = 12.8 ± 3.3 ng/mL; Ctrl = 8.0 ± 3.3 ng/mL. 
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Figure 1. Myostatin plotted relative to the conditions of cerebral palsy (CP), stroke (ST), 
or healthy (Ctrl). The boxplots show the mean and interquartile ranges of the systemic 
plasma concentrations. Included observations ST n = 9, CP n = 14, Ctrl n = 23. Subse-
quent samples were removed from the analysis because they were outside of the detection 
limits. Outliers beyond two standard deviations from the mean were removed. The levels 
of significance are (p < 0.05). * indicates significance. 

 

 

Figure 2. CKMB levels plotted relative to the conditions of cerebral palsy (CP), stroke 
(ST), or healthy (Ctrl). The boxplots show the mean and interquartile ranges of the sys-
temic plasma concentrations. Included observations ST n = 8, CP n = 13, Ctrl n = 19. 
Subsequent samples were removed from the analysis because they were outside of the de-
tection limits. Outliers beyond two standard deviations from the mean were removed. 
The levels of significance are (p < 0.05). * indicates significance. 
 

C-reactive protein (CRP): The CRP level in the ST group was significantly 
higher than both the CP group (p > 0.034) and the Ctrl group (p > 0.031, Figure 
3). Furthermore, there was no significant difference between CP and Ctrl (p = 
0.86). CRP: Mean ± SD: CP = 476.9 ± 383.7 ng/mL; ST = 1026.6 ± 776.6 ng/mL; 
Ctrl = 471.5 ± 350.0 ng/mL. 

Subsequent biomarkers: Levels of Collagen IV, Human Troponin I, and 
Human MMP-2 did not differ significantly (p value > 0.05) between CP, ST and 
Ctrl; means, standard deviations, and p-values are shown in Table 4. 

Gene expressions: The expression of myostatin (MSTN) was significantly 
lower in both the ST and the CP group when compared to Ctrl (p = 0.02). In 
addition collagen type 4A1 (COL4A1) was significantly lower in the CP group 
compared to the other groups (p = 0.015). Finally the troponin 1 slow skeletal 
muscle type was significantly increased in the ST group when compared to both 
CP and Ctrl (p = 0.03). All subsequent gene targets showed no significant dif-
ferences between any of the groups: GAPDH (p = 0.73), RPLP0 (p = 0.86), IL-6 
(p = 0.45), COL4A3 (p = 0.09), TINNI-2 (p = 0.28). 
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Figure 3. Levels of CRP plotted relative to the conditions of cerebral palsy (CP), stroke 
(ST), or healthy (Ctrl). The boxplots show the mean and interquartile ranges of the sys-
temic plasma concentrations. Included observations ST n = 12, CP n = 13, Ctrl n = 18. 
Subsequent samples were removed from the analysis because they were outside of the de-
tection limits. Outliers beyond two standard deviations from the mean were removed. 
The levels of significance are (p < 0.05). * indicates significance. 
 
Table 4. Non significant biomarkers. 

 
Mean Concentration 

(ng/mL) 
SD p-values 

Marker ST CP Ctrl ST CP Ctrl ST-CP ST-Ctrl CP-Ctrl 

Collagen IV 26.3 20.6 11.5 26.2 9.3 2.2 0.75 0.77 0.11 

Human MMP-2 44.5 46.2 45.4 14.8 16.1 37.2 0.85 0.97 0.97 

Human Troponin I 5.1 1.2 2.4 5.3 n/a 0.4 0.54 1 0.37 

The mean concentrations, standard deviations, and p-value comparisons for the markers in which no sig-
nificant differences were observed between the patient groups. 

4. Discussion 

This study has revealed similarities and differences in the systemic and muscle 
gene expression levels of factors that are putatively involved in the pathophysi-
ology of muscle contractures in individuals with cerebral palsy or stroke.  

It is not surprising that significantly lower myostatin levels were observed in 
individuals with CP and in stroke survivors when compared to healthy controls 
both at the systemic level and at gene expression level in skeletal muscle (Figure 
1, Figure 4). Myostatin is a growth and differentiation factor predominantly 
found in skeletal muscle, which greatly impacts muscle growth and function [9]. 
Myostatin’s role as a muscle suppressor has been found across species. In hu-
mans the crucial role of Myostatin has been verified when a myostatin mutation 
was identified in a human child leading to abnormal muscle hypertrophy [10]. 
Myostatin also shows some promise as a potential therapy for conditions asso-
ciated with muscle wasting and weakness [10]. Individuals with CP and stroke 
survivors have in common that they have significantly less muscle mass in their 
affected limbs as compared to healthy controls [11] [12]. The low levels of 
myostatin in individuals with CP and stroke may indicate a compensatory reac-
tion to muscle weakness, reduced muscle growth and/or atrophy and increased 
fatigue that these patients experience [13] [14]. While muscle atrophy with  
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Figure 4. The normalized gene expression levels of myostatin, collagen type 4A1 and 
troponin-1 [AU]. Included observations: ST n = 12, CP n = 14, Ctrl n = 24. The levels of 
significance is (p < 0.05). * indicates significance. 
 
certainty is causing lower muscle mass in stroke survivors [15], there is consi-
derable more discussion regarding the underlying mechanisms in individuals 
with CP due to the more complex maturation processes [6] [16] [17] [18] [19]. 
However, the present finding indicates that myostatin levels decrease regardless 
of at which stage of life an injury of the CNS is acquired. 

The gene expression of collagen type 4A1 (Figure 4) was significantly lower 
expressed in the muscle of individuals with CP when compared to healthy Ctrl 
and stroke survivors. In contrast, no significant changes in collagen type 4 were 
found at the systemic level. Collagen type 4 is a crucial part of the basal mem-
brane of muscles and the brain and has been shown to play an important role in 
several diseases including HANAC syndrome [20] and Walker-Warburg syn-
drome [21] causing various musculoskeletal symptoms including muscle weak-
ness, hypotonia, and severe myopathy [22] [23] [24] [25]. One study showed 
an association between the COL4A1 gene and CP when comparing 351 indi-
viduals with CP with 220 healthy individuals indicating a potential role of 
COL4A1 in the pathogenesis of CP [26]. Altered COL4A1 DNA variants have 
also shown to cause diffuse or periventricular leukoen-cephalopathy [27]. In 
addition, COL4A1 variants were found in two atypical periventricular hemorr-
hagic infarction patients who were also diagnosed with spastic unilateral CP [28]. 
It has been suggested previously that the ubiquitously expression of COL4A1 in 
the body very likely is involved in the etiology of CP [26]. Since the COL4A1 ex-
pression only is affected in CNS injuries with an early onset the present findings 
support this notion. 

CKMB is an intracellular enzyme found in the myocardium; therefore, high 
levels of CKMB in the serum suggest injury to the myocardial cell wall [29]. A 
previous study found elevated levels of CKMB in stroke survivors within 72 
hours of onset of an acute ischemic stroke [30]. The elevated levels of CKMB in 
stroke are suspected to be related to cardiac myocytolysis caused by the activa-
tion of the sympathetic nervous system [31] or an increase in systemic catecho-
lamines [32]. In the present study we observed increased CKMB levels in stroke 
patients when compared to healthy individuals even though the stroke of in-
cluded subjects was several years prior to the present study. This suggests that 
the pathological effects of an CNS injury that is acquired later in life are rather 
long-lasting or that those patients have a higher risk for a subsequent myocardial 
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infarct. Even though CKMB is mostly used as a biomarker for myocardial in-
farction, CKMB has also been used as a marker for muscle damage since the 
plasma levels of CKMB have been shown to increase during high intensity exer-
cise [33] [34], rhabdomyolysis [35] and muscle trauma [36]. Whether muscle 
atrophy and contracture development might cause muscle damage, and thus af-
fect plasma CKMB levels is unclear. However, since we do not have any data on 
CKMB levels in muscle tissue, but only systemic levels, we cannot draw any final 
conclusions on muscle involvement as reflected by systemic CKMB expression. 

Another key component of skeletal muscles is Troponin-1 which controls 
striated muscle contraction and relaxation. Troponin-1 interacts with all major 
regulatory proteins in the sarcomeric thin filaments of cardiac and skeletal mus-
cles [37]. Previous studies have shown very promising results regarding the use 
of slow skeletal Troponin I as a systemic biomarker for various muscle disorders 
[38] [39]. However, in the present study the slow skeletal Troponin I expression 
showed no differences between the 3 groups at the systemic level, but when 
measured locally in the muscle tissue the present study reveals an increased tro-
ponin-1 expression in stroke survivors when compared to healthy controls and 
individuals with CP, while there was no difference between the CP and the 
healthy Ctrl groups (Figure 4). This finding is somewhat in contrast to other 
previous findings showing that subjects with spastic CP had less type I fibers and 
an increased amount of type IIX fibers when compared to healthy controls [40]. 
Another study showed that denervation through Botulinum toxin A injections 
caused a type 1 fiber loss and type 2 fiber predominance in the gastrochnemius 
muscle of children with CP [41]. However, we suggest that the increased gene 
expression of troponin-1 observed in the ST group might reflect a compensatory 
mechanism of the muscle, maybe as an effort to counteract the loss of Type I fi-
bers due to denervation of the muscle after a CNS injury that has been acquired 
later in life. Unfortunately we can only speculate on this without drawing any 
final conclusions since no further data on fiber-types are available from the 
present participants.  

CRP is an important component of the innate immune system and is known 
to increase in injured tissue [42]. The role of CRP within the innate immune 
system makes it a marker for inflammation. A 2003 study found that post-stroke 
elevated CRP levels predicted further disease-related ischemic events, suggesting 
that stroke survivors may be at risk for another ischemic event [43]. This is con-
sistent with our observation that the CRP levels were significantly increased in 
stroke survivors (late onset) but not in individuals with CP (early onset. This in-
dicates that CRP is primarily of importance for CNS injuries acquired later in 
life. Furthermore, this finding does also indicate that the stroke survivors still are 
affected by their stroke even several years (Mean 3.6 years) after the incident. 
The high level of CRP in stroke may either indicate inflammation in response to 
injured tissue or low-grade systemic inflammation. Increased levels of inflam-
mation in stroke survivors, however, do not explain phenotypic differences in 
muscle atrophy and muscle contracture development.  
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5. Summary 

In summary, the present study shows that individuals with CNS injuries ac-
quired either early (CP) or later in life (stroke survivors) both present differences 
and similarities in systemic biomarkers and in gene expression levels in skeletal 
muscle.  
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