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ABSTRACT

Objective: To evaluate the distribution of SP (substance P) and 
S-100 peptide immunoreactivity, as well as the vascular supply 
of tissues commonly used as grafts for anterior cruciate ligament 
(ACL) reconstruction. A second aim was to compare the above 
mentioned distribution in the semitendinosus muscle tendons 
of cerebral palsy (CP) patients with the semitendinosus muscle 
tendons and patellar tendons of patients without CP. Methods: 
The first group consisted of 14 children with cerebral palsy with 
a mean age of 11.7 years old. At the time of hamstring lengthe-
ning operation, a sample of semitendinosus muscle was taken 
for analysis. The second group comprised 20 patients treated 
for isolated ACL rupture of the knee (mean age 32 years old). 
Group three comprised ten patients in the mean age of 14.3 

years old treated for recurrent lateral patellar dislocation, and 
from whom a sample of patellar tendon was obtained. Results: 
No statistically significant differences were demonstrated with 
regard to the amount of immunopositive nerve fibers expressing 
SP or S-100 in all 3 groups of patients. A significant difference 
was noted in the number of blood vessels between the adult and 
child semitendinosus muscles, but not between the semitendi-
nosus muscles and patellar tendon of children. Conclusion: The 
number of nociceptors as well as proprioceptive fibers is similar 
in patients with CP and patients from a neurologically healthy 
population. Level of Evidence IV, Cases Series.

Keywords: Cerebral palsy. Patellar dislocation. Anterior cruciate 
ligament. Rupture.
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INTRODUCTION 

Anterior cruciate ligament (ACL) reconstruction has been perfor-
med in a broad range of patients in recent years. This operation 
is now a standard procedure with favourable results regardless of 
age, gender or occupation, thanks to advances in surgical techni-
ques, instrumentation and basic research. Tajima et al. reported a 
case of ACL reconstruction in a 25-year-old patient with cerebral 
palsy (CP) using an autologous hamstring double-bundle tech-
nique. Preoperative symptoms of instability were resolved and 
a high degree of satisfaction was achieved.1 These results raise 
the question on the suitability of tendon graft material from CP 
patients for reconstruction. In these subjects, the mechanical pro-
perties, vascularity and innervation of the graft may differ from the 
healthy population. Numerous previous studies have provided a 
qualitative and quantitative analysis of mechanoreceptors in the 
hip joint, or in knees with anterior knee pain syndrome or ACL 
rupture.2-10 However, knowledge on the distribution of nociceptors 
in tissues used for ACL reconstruction is still rather scarce.

The role of substance P (SP) as a neurotransmitter (particu-
larly for free nerve endings) in the innervation of nociceptors 
of the soft tissue of the knee has been highlighted by many 
studies.5-7,11 Their relationship with anterior knee pain was first 
noted by Witoński et al.,9 who reported a significantly greater 
number of these fibres in Hoffa pad as well as in the medial 
patellar retinaculum. 
The S-100 protein family plays a major role in the development 
of nerve tissue, its functioning and the pathophysiology of nerve 
conduction disorders.12 S-100 proteins are a group of intracellu-
lar and extracellular transmitters, modulated by Ca2+ ions. They 
are a good marker of nervous structures in soft tissues of the 
knee joint, and were chosen for evaluation of nociceptors.12-14

The aim of the study was to evaluate the distribution of SP and 
S-100 peptide immunoreactivity as well as the vascular supply 
of tissues commonly used as grafts for ACL reconstruction. A 
second aim was to compare the above mentioned distribu-
tion in the semitendinosus muscle tendons of CP patients with 
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Table 1. Mean values from samples showing blood vessels, substance 
P and S-100 protein expression in slices excised from the semitendi-
nosus muscle of children with cerebral palsy (n=14), patellar ligament 
of children with patellar instability (n=10) and semitendinosus muscle 
in eight adults obtained during ACL reconstruction (n=20). 

Patellar 
ligament

Child
semitendinosus 

muscle

Adult
semitendinosus 

muscle

Substance P 0.5 0.79 0.6

S-100 0.4 0.5 0.4

Mean number
of blood vessels 

1.5 1.14 0.55

the semitendinosus muscle tendons and patellar tendons of 
patients without CP. We made the hypothesis that hamstring 
tendons of children with CP may have different nociceptive 
and proprioceptive properties or vascular supply comparing 
to a neurologically healthy population, what would make them 
unsuitable as a graft for ACL reconstruction. Better initial vas-
cular supply and innervation could positively influence graft 
integration and future proprioception and vice versa, worse 
vascularity and low concentration of nerve endings would have 
negative effect on these two factors. To our knowledge, this is 
the first article to study this relationship. 

MATERIALS AND METHODS 

Tissue sample collection was performed in three groups of 
patients operated in our hospital in the years 2006–2008. Group 
one comprised ten patients (mean age 14.3 years, range: 10-
17 years) treated for recurrent lateral patellar dislocation, and 
from whom a sample of patellar tendon was obtained. All those 
patients (8 girls and 2 boys) had experienced a first traumatic 
dislocation followed by 4 to 6 small traumatic incidents. Con-
servative treatment was firstly introduced for the above men-
tioned dislocations: stabilizing orthosis, ice compresses, joint 
relief, analgesics and exercises. The final incident of patellar 
dislocation took place 6 months before surgery. Congenital 
knee joint abnormalities were excluded from the study. Open 
reconstruction of medial patellar stabilizers was performed by 
the Blauth procedure.15 Intraoperative defects in the knee joint 
were also excluded. 
The second group consisted of 14 children (3 girls and 11 boys) 
with CP (mean age 11.7 years, range: 7-18 years). All these 
patients were treated for knee flexion contracture related to 
medial and lateral hamstring spasticity. During operation biceps 
femoris and semimebranosis lengthening were performed, and 
the semitendinosus muscle released. At the time of operation, 
a sample of semitendinosus muscle was collected for analysis. 
The third group comprised 20 patients (4 female and 16 male) 
treated for isolated ACL rupture of the knee (mean age 32 years; 
range 23-43 years). None of them had previously undergone 
operations in the knee joint region or had been administered 
intra-articular steroid injections. The patients reported knee joint 
instability, but no anterior knee pain nor symptoms related to 
other knee lesions. X-ray examination of the knee joint did not 
reveal any bony abnormalities. ACL reconstruction was perfor-
med arthroscopically by a double tunnel technique using medial 
hamstrings as graft. During the operation, semitendinosus and 
gracilis muscle tendons were harvested by antero-medial inci-
sion and a semitendinosus tendon sample was collected for 
analysis. Arthroscopic evaluation excluded anything other than 
ACL rupture knee abnormalities. 
Tissue specimens, fixed in 4% formalin, were passed through 
a number of reagents in a Tissue-Tek VIP tissue processor 
(Sakura) for dehydration, fluoroscopic examination and pa-
raffin saturation.
Such processed specimens were embedded into paraffin 
blocks by a histoembedder (Leica) and cut on a sliding mi-
crotome (Micron) into 4 μm sections, which were then placed 
on silanised microscope slides. The slices were stained with 
haematoxylin and eosin (H + E) in an automatic Autocolor I
stainer (Micron) to be completed by immunohistochemical 

reactions with SP and S-100. H + E staining was perfor-
med as earlier described.16 The preparations were closed 
with cover glasses using the DPX Mounting Media & Section 
Adhesive media.
Microscopic evaluation was done by the third author of the 
third study (TM), who was not involved in the process of ope-
rative treatment and material collection. An Olympus BX 50 light 
microscope (Olympus Corporation, Tokyo, Japan) was used. 
Approval for the study was obtained from the Commission of 
Bioethics of our University. Written informed consent for par-
ticipation in the study was obtained from patients, the child’s 
parents or guardians. 

Statistical analysis

Statistical analyses were performed by means of SPSS 14.0 
for Windows (SPSS Inc., Chicago, Illinois). The Fisher exact 
test was used to compare the composition of semitendinosus 
muscle between children with CP and adults regarding the 
distribution of immunopositive nerve fibers expressing S-100 or 
SP. The Fisher exact test was also used to compare the distribu-
tion of immunopositive nerve fibers expressing S-100 between 
samples excised from semitendinosus muscle in children with 
CP and the patellar ligament of children with patellar instability. 
The linear relationship test was used to compare the number 
of blood vessels between samples and the distribution of nerve 
fibers expressing SP in preparations collected from semitendi-
nosus muscle in children with CP and the patellar ligament of 
children with patellar instability. Values of p below 0.05 were 
regarded as statistically significant. 

RESULTS 

The mean values of nerve fibers expressing SP and S-100 
protein, as well as the number of blood vessels, are presented 
in Table 1. A positive immunohistochemical reaction for SP 
fibers was found in four patellar tendons, 11 semitendinosus 
muscles from children with CP and 12 semitendinosus mus-
cles from adults. A positive immunohistochemical reaction 
for S-100 fibers was obtained in four patellar tendons, seven 
semitendinosus muscles from children with CP and eight se-
mitendinosus muscles from adults. Blood vessels were seen in 
all but one patellar tendon, all but one semitendinosus muscle 
from a child with CP and 11 out of 20 adult semitendinosus 
muscle. (Tables 2 and 3)
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No statistically significant differences were demonstrated with 
regard to the amount of immunopositive nerve fibers expressing 
SP or S-100 in the tissues collected from all three groups of 
patients. (Tables 2 and 3) A significant difference was noticed in 
the number of blood vessels between the adult and CP children 
semitendinosus muscles, but not between the semitendinosus 
muscles and patellar tendon of children. (Tables 2 and 3)

DISCUSSION 

CP is an irreversible distorter of the central nervous system 
which leads to a spectrum of dysfunctions and spasticity in 
most cases. Theoretically, it may be expected that muscles 
and tendons may have neural changes that will influence 
their mechanical properties, raising the question of whether 
these hamstring tendon grafts can be successfully used for 
ACL reconstruction. 
Our analysis revealed no statistically significant differences be-
tween semitendinosus muscle in children with CP and the other 
two most popular grafts used for this procedure in healthy po-

pulations: semitendinosus muscle tendon and patellar tendon. 
The only statistically significant factor was the better vascularity 
of semitendinosus tendon in patients with CP than those with 
ACL rupture. Our data shows that tendon grafts of CP children 
are as good as grafts of neurologically healthy people for ACL 
reconstruction. ACL injury of child with CP is a rare indication 
for reconstruction. However, indications for this procedure have 
been extended, and the population of CP patients may require 
it more often in the future. The good results of this procedure 
reported by Tajima et al.1 also confirm the fact that hamstring 
tendons can be safely and effectively used for this procedure. 
Unfortunately, it is difficult to compare our results to others’, as 
no one performed similar to our investigations. 
Using protein S-100 as a marker of nerve fibres, Masłoń et al.5 

noticed that the distribution of nociceptor nerve fibres in the 
soft tissues of the knee joint, of which SP is the neurotrans-
mitter, shrinks as the patient ages. Biedert et al.2 performed a 
histological comparison of 18 samples taken from 8 knee joints 
of cadavers. It was found, qualitatively and quantitatively, that 
most of the free nerve endings (type IV nerve fibres according 
to Freeman and Wake) were located in the lateral and me-
dial patellar retinaculum, the patellar ligament, the pes anse-
rinus, as well as the meniscofemoral ligaments (Wrisberg and
Humphry). The number of free nerve endings positively corre-
lated with the occurrence of clinical symptoms (incapacitating 
pain). Immunohistochemical analysis using SP as a marker re-
vealed a statistically significant number of nerve fibres conduc-
ting pain in the Hoffa’s bodies and the medial patellar retinacu-
lum in patients with symptoms of anterior knee pain.5 Bohnsack
et al.17 also report that Hoffa’s bodies play a biochemical role 
in the course of anterior knee pain.3,17

Witoński and Wągrowska-Danielewicz10 noted that distribution 
of the nociceptive nerve supply, positively stained for SP, is 
equally distributed throughout the intact ACL. The density of 
nerve endings expressing SP was significantly affected by ACL 
injury as well as by the time since rupture. Dhillon et al.18 noticed 
that persistent residual proprioceptive fibers in injured ACLs, 
identified by monoclonal antibodies to S-100, are present. Thus, 
not shaving ACL remnants may be of potential benefit during 
ACL reconstruction, as some re-innervation and recovery of 
proprioceptive potential may be possible, improving, thus, cli-
nical outcomes. These findings suggest that a higher number 
of nociceptive nerve endings and proprioceptive fibers in ten-
dons used as ACL grafts may have a positive influence on the 
outcome of ACL reconstruction. 
This paper has some weaknesses. It was not possible to collect 
samples from patients in the same age groups. Those who 
had ACL reconstruction, i.e. the semitendinosus muscle group, 
were older and those with recurrent patellar dislocation, i.e. 
the patellar tendon group, were younger than the study group. 
Furthermore, although the numbers of patients in each group 
is relatively low, they are sufficient for statistical analysis. Fur-
ther research should be performed to compare the mechanical 
properties of the different grafts. 

CONCLUSION

The number of nociceptors as well as proprioceptive fibers is 
similar in patients with CP and patients from a neurologically 
healthy population. 

Table 2. Comparison of mean value from ten consecutive visual are-
as showing blood vessel numbers, Substance P and S-100 protein 
expression between samples excised from semitendinosus muscle in 
children with cerebral palsy (n=14) and patellar ligament of children 
with patellar instability (n=10).

Group
Semitendinosus 

muscle
Patellar
ligament

p value

Substance P
Negative 3 6 0.196

Positive 11 4

S-100
Negative 7 6 0.473

Positive 7 4

Mean number of 
blood vessels 

None 1 1 0.174

Small
amount 

10 4

Medium
amount 

3 4

Many 0 1

Table 3. Comparison of mean value from ten consecutive visual areas 
showing blood vessels, Substance P and S-100 protein expression 
between samples excised from semitendinosus muscle in children with 
cerebral palsy (n=14) and semitendinosus muscle in adults obtained 
during ACL reconstruction (n=20).

Group
Child 

semitendinosus 
muscle

Adult 
semitendinosus 

muscle
p value

Substance P
Negative 3 8 0.223

Positive 11 12

S-100
Negative 7 12 0.4 

Positive 7 8

Mean number 
of blood vessels

None 1 9 0.005

Small
amount 

10 11

Medium
amount 

3 0

Values in bold are statistically significant.
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