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Abstract This study evaluated the histological changes in
muscle tissue after limb lengthening in skeletally mature
and immature rabbits and assessed the most vulnerable
level of striated muscle. Twenty-three male domestic white
rabbits, divided into six groups, were operated on and
different lengthening protocols were used in the mature and
immature rabbits. The histopathological changes were
analysed by a semi-quantitative method according to the
scoring system of Lee et al. (Acta Orthop Scand 64(6):
688–692, 1993). After the evaluation of the five main
degenerative parameters (muscle atrophy, muscle nuclei
internalisation, degeneration of the muscle fibre, perimysial
and endomysial fibrosis, haematomas), it is evident that the
adults lengthened at a rate of 1.6 mm/day showed more
degenerative changes than those lengthened at 0.8 mm/day.
The adult 1.6 mm/day lengthened group presented signif-
icantly higher damage in the muscle and lower regenerative
signs compared with the young 1.6 mm/day lengthened
group, according to the summarised degenerative scores.

Résumé Objectif: Cette étude a pour but d'évaluer les
changements histologiques des muscles après allongement
squelettique chez des lapines matures ou immatures. Elle

permet d'évaluer quel est le niveau de lésion des muscles
striés. Matériel et méthode: 23 lapins mâles domestiques
blancs ont été divisés en six groupes et traités avec
différents protocoles d'allongements.. Les changements
histologiques ont été analysés avec une méthode semi
quantitative utilisant le score de LEE et collaborateurs.
Résultats et conclusion: l'évaluation des cinq principaux
paramètres de dégénérescence (atrophie musculaire, noyau
musculaire, internalisation, dégénérescence des fibres mus-
culaires, fibrose du périmysium et de l'endomysium,
hématome). Il apparaît évident que l'allongement chez
l'adulte à un rythme de 1,6 mm par jour entraîne plus de
lésions dégénératives que les sujets allongés au rythme de
0,8 mm par jour. Le groupe de lapins adultes avec
allongement de 1,6 mm par jour présente des lésions
hautement significatives du muscle, avec des signes de
régénération musculaire moins importants que ceux du
groupe de lapins plus immatures allongés au même rythme,
ceci en utilisant des scores identiques.
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Introduction

Research on distraction osteogenesis and improvements in
lengthening devices have led to the increased popularity of
limb lengthening [16]. Many previous experimental and
clinical studies have reported the astonishing regenerative
potential of lengthened bones [10, 15], but the regenerative
capacity of the surrounding soft tissues appears to be much
more limited [12, 24]. Previously, it was thought that the
elongation of muscular tissue was caused by an increase in
the length of sarcomeres [14, 21]. It is now supposed that the
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lengthening of striated muscles is not only passive stretching,
but that the muscle gave an active adaptive response to the
lengthening, known as distraction histogenesis [4, 11, 18].
This process contains degenerative and regenerative phases.
The fibre necrosis seems to serve as a stimulus for
regenerative activity. It may be assumed that the presence
of regenerating fibres in the samples, even in the absence of
necrotic fibres, is a likely sign of previous necrosis in
adjacent muscle that was not sampled. Even before the
complete removal of the necrotic sarcoplasmic debris by
phagocyte cells, the process of regeneration may have begun,
so that myogenesis and phagocytosis can be visualised in the
same muscle fibre concurrently [13].

The necrosis may be segmental, disrupting only a portion
of the sarcoplasma or along the entire length of the fibre. It is
not clear whether damage to a discrete area, say, in the
middle, leads to the degeneration of the whole fibre [8].

This study evaluated the histological changes in the
muscle tissue after limb lengthening in skeletally mature
and immature rabbits and assessed the most vulnerable
level of the striated muscle.

Materials and methods

Twenty-three male domestic white rabbits, divided into
six groups, were operated on and different lengthening
protocols were used (Orthofix MiniRail standard lengthener,
M-101, Italy). The surgery was followed by 7 days com-
pression in every lengthened group. In group 1 (four mature
rabbits), 0.8-mm distraction once a day was applied until
20% lengthening was achieved. In group 2 (five mature
rabbits), the lengthening rate was 1.6 mm (0.8 mm twice per
day) until 20% elongation of the leg was achieved. In group
3 (five immature rabbits), 0.8-mm distraction once a day was
applied until 20% lengthening was achieved. In group 4
(four mature rabbits), the lengthening rate was 1.6 mm
(0.8 mm twice per day) and the increase in length was 20%.
Group 5 (two mature rabbits) and group 6 (three immature
rabbits) contained the sham-operated animals (the fixator
was placed and osteotomy was performed but lengthening
was not performed). Young animals were 9 weeks old and
mature animals were 28 weeks old [19]. All of the animals
were sacrificed immediately after the completion of the
lengthening procedure. All animal procedures conformed to
national regulations and approval by the Ethical Committee
was obtained.

The rabbits were anaesthetised with a mixture of ketamine
(25 mg/kg) and either xylazine (5 mg/kg) or medetomidine
(0.5 mg/kg), which was given by intramuscular injection.

A venous catheter was inserted, and the same drugs were
used for the maintenance of general anaesthesia. Operations
were performed according to the description of the surgical

method published by Simpson et al. [20]. Great care was
taken to avoid damaging the muscles or any other parts of
the soft tissues. All rabbits received one IV bolus of
cephalosporins (20 mg/kg). The postoperative radiographs
were made in two projections, dorsoplantar and lateromedial
(50 kV, 8.0 mAs).

After 7 days of compression, the apparatus was distracted
by 1 mm once a day. The goal was a 20% lengthening of the
tibia. The length of the required distraction was calculated on
plain radiographs. The animals were randomly allocated to
the groups.

The flexor digitorum longus and peroneus quartus
muscles from all of the control and experimental rabbit
legs (and from the two sham groups) were fixed in 10%
buffered formalin solution for 48 h. Transverse sections
were cut from the border between the proximal third and
the middle third of the muscle belly, and from the border
between the middle and distal third of the muscle belly of
the flexor digitorum longus and peroneus quartus. There-
after, a routine paraffin-embedding method was used and
series of 5-μm-thick sections were cut from the blocks. The
slides were stained with haematoxyline and eosin (H and E)
Weigert-van Gieson trichrome using the Masson trichrome
method.

The histopathological changes were analysed by a semi-
quantitative method according to the scoring system of Lee
et al. [9]. This system consists of rating muscle specimens
on a scale of 0 to 3, where 0 is normal. Lee et al.’s system
was slightly modified and enlarged from five parameters to
nine, consisting of: (1) size variation of muscle fibres; (2)
internalisation of the nuclei of muscle fibres; (3) degener-
ation of muscle fibres; (4) regeneration of muscle fibre; (5)
endomysial and perimysial fibrosis of muscle; (6) internal-
isation of the muscle fibre nuclei at the myotendinous
junction (MTJ); (7) cell number at the MTJ line; (8) the
number of blood vessels at the MTJ; (9) haematomas at the
MTJ [9] (Table 1). The slides were evaluated by Zeiss ICM
405 inverted microscope with an MC63 exposure unit and
an M35 camera unit (Zeiss, Germany). The histopatholog-
ical signs were counted in 20 fields to determine the
average occurrence.

The statistical tests of the histopathological scores, based
on the ordinal scale, among the lengthened groups were
done by the Kruskal-Wallis test, followed by the Wilcoxon
rank-sum test or individual comparisons among the
lengthened groups and within each lengthening group
between the lengthened side and the control side.

Results

The adult 1.6 mm/day lengthening rate group (G2)
presented significantly higher mean muscle fibre-size
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variation score level than the adult 0.8 mm/day lengthening
rate group (G1) when comparing the summarised data of
the flexor digitorum longus, peroneus quartus, proximal
and distal sections (p<0.005). This difference was not
significant between the young 0.8 mm/day lengthening rate
group (G3) and the young 1.6 mm/day lengthening rate
group (G4), but in the latter group, the mean score was
slightly elevated.

After the comparison with the young rabbits’ experimen-
tal side data, the adult experimental sides showed signifi-
cantly higher mean score values in both the 0.8 mm/day and
the 1.6 mm/day lengthening rate groups ( p<0.05) (mean
score: G1: 1.5; G2: 2.35; G3: 1.2; G4: 1.375) (Fig. 1).

The mean scores of fibre-size variation were slightly
greater in the distal samples compared to the proximal
sections. This did not reach statistical significance (G1 PROX:
1.375; G1 DIST: 1.625; G2 PROX: 2.1; G2 DIST: 2.6).

The mean score of muscle nuclei internalisation was
significantly higher (p<0.05) in the adult G2 group than in

Table 1 The rating of muscle specimens according to the system of Lee et al. [9]

Features of fibres Mature Immature Mature Immature

0.8 mm
once/day (G1)

0.8 mm
twice/day (G2)

0.8 mm
once/day (G3)

0.8 mm
twice/day (G4)

Sham
(G5)

Sham
(G6)

Muscle atrophy 1.5 2.35 1.2 1.375 0 0.0833
Internalisation of muscle nuclei 0.75 1.35 0.8 0.9375 0.125 0.0833
Muscle degeneration 1.1875 1.95 0.85 1.25 0.125 0.0833
Muscle regeneration 0.375 0.95 0.8 1.6875 0 0
Endomysial and perimysial fibrosis of muscle 1.0625 2.85 0.85 1.4375 0 0
Internalisation of muscle fibre nuclei at the MTJ 0.4375 1.45 1.2 2 0 0.0833
Cell number at the MTJ 0.5625 1.95 0.95 1.625 0 0
Number of the blood vessels at the MTJ 0.25 1.1 0 1.375 0.125 0
Haematomas at the MTJ 0.1875 1.85 0 0.125 0 0

Muscle atrophy: 0=normal; 1=atrophied muscle fibres less than 2/3rds the size of the normal contralateral side in less than 20% of the field;
2=atrophied fibres less than 2/3rds the size of the control side in between 20–40% of the field; 3=atrophied fibres less than 2/3rds of the normal
size in more than 40% of the field
Internalisation of muscle nuclei: 0=normal; 1=3–5 muscle fibres with central nuclei in 10 fields; 2=muscle fibres with central nuclei from 6 in 10
fields to 5 in one field; 3=more than 5 muscle fibres with central nuclei in one field
Muscle degeneration: 0=normal; 1=1–2 degenerating muscle fibres in 10 fields; 2=degenerating muscle fibres from 3–10 in 10 fields; 3=more
than 10 degenerating muscle fibres in 10 fields
Muscle regeneration: 0=normal; 1=1–2 regenerating muscle fibres in 10 fields; 2=number of regenerating muscle fibres from 3 in 10 fields to 10
in 10 fields; 3=more than 10 regenerating muscle fibres in 10 fields
Endomysial and perimysial fibrosis of muscle: 0=normal; 1=mild focal fibrosis; 2=fibrosis between score 1 and 3; 3=severe multifocal perimysial
and endomysial fibrosis of the muscle
Internalisation of the muscle fibre nuclei at the myotendinous junction (MTJ): 0=normal, less than six nuclei internalisation in one field (half field
if the MTJ line is in the diameter of the field); 1=internalised muscle fibre nuclei between six and 10 in one field; 2=the number of internalised
nuclei is more than 10 but less than 21 in one field; 3=more than 20 in one field
Cell number at the MTJ line: 0=normal, less than 10 cells in one field (the MTJ line is placed in the diameter of the field); 1=cell number between
10 and 20 in one field; 2=cell number between score 1 and 3; 3=cell number more than 50 in one field (the normal range was determined by the
results of the control side samples)
The number of the blood vessels at the MTJ: 0=0–5 vessels at the MTJ line in 10 fields (the MTJ line was in the diameter of the field); 1=number
of vessels more than 5 but less than 10 in 10 fields; 2=blood vessels between score 1 and 3; 3=number of blood at MTJ line more than 15 in 10
fields (the normal range was calculated by the results of control side samples; the blood vessels which contained red blood cells using standard
staining methods (H and E, Weigert-van Gieson trichrome) were counted)
Haematomas at the MTJ: 0=normal, no haematoma; 1=a few with small extension; 2=the occurrence of the haematoma at the MTJ line between
score 1 and 3; 3=many haematomas with huge extension between the muscle fibres and sometimes signs of infiltration

Fig. 1 Muscle fibre atrophy. Muscle fibre-size variation score=3. Adult
rabbit lengthened (1.6 mm/day, 20%) peronaeus quartus. HE×400
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the young G4 group according to the summarised data of
the flexor digitorum longus and peroneus quartus muscles
(Fig. 2). On the other hand, this value was about the same
in the adult and young 0.8mm/day lengthening rate groups
(G1; G3) (mean score: G1: 0.75; G2: 1.35; G3: 0.8; G4:
0.9375).

When the muscle nuclei internalisation histopathological
scores of the proximal and distal sections were compared
among the adult groups, in the G1 group, the value was
significantly increased in the distal portion ( p<0.05), but
no difference was found in the G2 group (mean scores: G1
PROX: 0.5; G1 DIST: 1; G2 PROX: 1.3; G2 DIST: 1.4)
This degenerative histological sign was more dominant in
the distal portion of the muscles in the young age group
( p<0.01) (mean scores: G4 PROX: 0.625; G4 DIST: 1.25).

The muscle fibre degeneration was significantly in-
creased in the adult group compared to the young group
lengthened either at 0.8 mm/day or at 1.6 mm/day rate
according to the summarised data of the flexor digitorum
longus and peroneus quartus muscles ( p<0.05) (mean
scores: G1: 1.1875; G2: 1.95; G3: 0.85; G4: 1.25) (Fig. 3).

There was no significant difference in the muscle fibre
degeneration score between the proximal and distal sections.

When the muscle fibre regeneration score of the adults
lengthened at the rate of 0.8 mm/day or 1.6 mm/day was
compared with young animals lengthened at the same rate,
the latter was significantly increased ( p<0.001). Comparing
the mean scores of the young 0.8 mm/day and the young
1.6mm/day lengthened groups, the latter score was double
that of the former group ( p<0.001) (mean scores: G1:
0.375; G2: 0.95; G3: 0.8; G4: 1.75). Both young groups
had a significantly stronger regenerative response compared
to the adult groups ( p<0.001) (Fig. 4).

There was no significant difference between the regen-
eration outcomes in the proximal and distal sections.

The adult animals showed significantly greater amounts
of peri-endomysial fibrous tissue than the young animals,
and the animals lengthened at the rate of 1.6 mm/day had a
greater amount of fibrosis compared to those lengthened at
the rate of 0.8 mm/day (G1–G2: p<0.001; G3–G4: p<0.01).

No significant difference was found in the fibrous
histopathological response scores between the proximal
and distal sections of the muscles.

The animals lengthened at 1.6 mm/day had a signifi-
cantly greater muscle nuclei internalisation response at
the MTJ than those lengthened at 0.8 mm/day (G1–G2:
p<0.001; G3–G4: p<0.001). In addition, the young groups
showed increased muscle nuclei internalisation scores
compared to the adult groups.

The animals lengthened at a faster rate had a greater cell
density at the MTJ (G1–G2: p<0.001; G3–G4: p<0.01).
No significant difference was found when comparing the
data of the proximal and distal sections of the flexor
digitorum longus and peroneus quartus muscles (Fig. 5).

Fig. 2 Muscle nuclei internalisation (arrows). Adult rabbit lengthened
(1.6mm/day, 20%) peroneus quartus. HE×400
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Fig. 3 Summarised scores of the five main degenerative parameters

Fig. 4 Regenerating muscle fibre with large nuclei and prominent
nucleolus and slightly more basophilic cytoplasm (arrow). Young
rabbit lengthened (1.6mm/day, 20%) flexor digitorum longus muscle.
HE×400
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The young animals lengthened at the rate of 1.6 mm/day
(G4) had a significantly increased number of capillaries at
the MTJ, while the young 0.8 mm/day lengthened rate
group (G3) showed normal occurrence in the number of
capillaries in the above-mentioned region.

There was a larger number of haematomata in the faster
lengthening group compared with the slow group (G1–G2:
p<0.001) and in adults compared to the young animals. In
the young G4 group, the mean score was about the same as
in the adult G1 group. As far as the young 0.8 mm/day
lengthened group is concerned, this histopathological
phenomenon to lengthening did not appear at all (G1:
0.1875; G2: 1.85; G3: 0; G4: 0.1).

In the adult 1.6 mm/day lengthened group, the distal
sections presented this histopathological appearance more
than the proximal samples. There was no difference in this
parameter in the other groups (Fig. 5).

Discussion

After the summary of scores of the five main degenerative
parameters (muscle fibre-size variation: muscle atrophy,
muscle nuclei internalisation, degeneration of the muscle
fibre, perimysial and endomysial fibrosis, and haematomata
at the MTJ), it is evident that the adults lengthened at
1.6 mm/day (G2) showed greater degenerative changes than
those lengthened at 0.8 mm/day (G1). The adult 1.6 mm/day
lengthened group (G2) presented significantly greater
damage in the muscle compared with the young 1.6 mm/
day lengthened group (G4) according to the summarised
degenerative scores (Fig. 3), and a tendency was visible—
although it was not significant—that the distal part of the
muscle could be more sensitive to lengthening.

In adult animals, the 1.6 mm/day lengthening rate pro-
duced a high number of haematomata along the lengthened
MTJ. In adults, this histological phenomenon occurred, even
in animals lengthened at a rate of 0.8 mm/day. The

haematomata lie near the MTJ and often expand into the
gaps between the muscle fibres. In parts of these haemato-
mata, a mononuclear infiltration had started, which confirms
that haematomata are not formed artificially by manipulation
during the histological preparation.

The muscle fibre degeneration was more frequent in the
adult groups compared with the young groups. In the adult
groups, the distal sections were more seriously damaged by
this parameter compared to the proximal sections. The
“slight” or initial degenerative phenomena (fibres with bright
eosinophilic or with a pale shade pink colour, and a coarsely
granular sarcoplasmic appearance) gathered mainly near the
MTJ. It seems that the tension during callus distraction leads
to muscle fibre damage parallelled by the increase in necrotic
muscle fibres and disturbed membrane integrity [5, 6].
According to our results, the muscles of older animals were
more sensitive to the distraction than the younger rabbits.
There was an increase in the number of internalised muscle
nuclei near the lengthened MTJ. This increase was
significantly higher in the immature animal group. As we
mentioned previously, before the complete removal of the
necrotic sarcoplasmic debris, the process of regeneration
may have begun, so that myogenesis and phagocytosis can
be visualised in the same muscle fibre concurrently [13].

We found an increase in the cell number along the
lengthened MTJ. This was previously described by Caiozzo
et al. [2] that myosatellite cells might have a key role in
sarcomerogenesis. This response of the MTJ could be an
active, proliferative reaction of this area to lengthening. It has
been reported that satellite cells can be activated and
proliferated in response to stretching [3, 22] and the
regeneration of skeletal muscle may be achieved by inducing
the activation and proliferation of satellite cells, which fuse
with pre-existing muscle fibres or fuse to form new muscle
fibres [7, 17]. It is possible that the activation of satellite cells
depends on the amount of lengthening achieved [23].
Caiozzo et al. [2] suggest that the activation of satellite cells
begins when the sarcomeres’ lengths exceed a set point. The
number of satellite cells in a muscle undergoes an ordered
progressive decrease over the course of post-natal life, and
Shisha et al. [19] also observed significantly fewer satellite
cells in the mature than in the young animals. This could be
the reason why the greater amount of lengthening in
immature rabbits results higher regeneration scores. The
most frequent location of satellite cell activation is the MTJ,
so it has a remarkable synthetic capacity for producing
sarcomeres. It could be that the MTJ would act as a
regenerative reserve capacity for the muscle [2].

The appearance of the peri- and endomysial fibrosis
correlated with the amount of lengthening and the age of the
rabbits. Williams et al. [25] found that the connective tissue
and collagen content were increased in the muscles distracted
at the medium (1.6 mm/day) rate compared to the low
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(0.8mm/day) rate. The increase in connective tissue could
cause a loss of movement in the lengthened extremity.
However, the connective tissue may have developed to
replace necrotic muscle parenchyma, as in chronic muscle
disorders [2].

We found hypervascularisation of soft tissues during the
distraction. This phenomenon was more intensive in both of
the younger groups. The hypervascularisation could be part
of the repair mechanisms after tissue damage [1].

The occurrence of histopathological signs of muscle
fibre regeneration was seen more frequently in the young
animal groups. No significant difference was found
between the scores for different section levels, although
the regenerative signs were concentrated near the MTJ.

This histopathological score system has been used by
other researchers [9] and was found to be useful. This paper
shows that the young animals have a greater ability to
respond to lengthening than the adults. The distal part of
the lengthened muscle is slightly more involved by the
degenerative effects during limb lengthening. It seems that
the muscle has an active adaptive response to the
lengthening. The necrotic tissue is replaced by connective
tissue, fat and regenerating fibres. The rate of this depends
on the age and the amount of lengthening.

References

1. Aronson J (1994) Temporal and spatial increases in blood flow
during distraction osteogenesis. Clin Orthop Relat Res 301:124–131

2. Caiozzo VJ, Utkan A, Chou R, Khalafi A, Chandra H, Baker M,
Rourke B, Adams G, Baldwin K, Green S (2002) Effects of
distraction on muscle length: mechanisms involved in sarcomero-
genesis. Clin Orthop Relat Res 403S:133–145

3. Cooper RN, Tajbakhsh S, Mouly V, Cossu G, Buckingham M,
Butler-Browne GS (1999) In vivo satellite cell activation via
Myf5 and MyoD in regenerating mouse skeletal muscle. J Cell Sci
112:2895–2901

4. Day CS, Moreland MS, Floyd SS Jr, Huard J (1997) Limb
lengthening promotes muscle growth. J Orthop Res 15:227–234

5. Dubowitz V (1985) Muscle biopsy: a practical approach, 2nd edn.
Bailliere Tindall, London

6. Engel AG, Banker BQ (1986) Myology. McGraw-Hill, New York
7. Hawke TJ, Garry DJ (2001) Myogenic satellite cells: physiology

to molecular biology. J Appl Physiol 91:534–551
8. Jones DA, Round JM (1990) Skeletal muscle in health and

disease. A text book of muscle physiology. Manchester University
Press, Manchester

9. Lee DY, Choi IH, Chung CY, Chung PH, Chi JG, Suh YL (1993)
Effect of tibial lengthening on the gastrocnemius muscle. A
histopathologic and morphometric study in rabbits. Acta Orthop
Scand 64(6):688–692

10. Leung KS, Cheung WH, Yeung HY, Lee KM, Fung KP (2004)
Effect of weightbearing on bone formation during distraction
osteogenesis. Clin Orthop Relat Res 419:251–257

11. Lindsey CA, Makarov MR, Shoemaker S, Birch JG, Buschang
PH, Cherkashin AM, Welch RD, Samchukov ML (2002) The
effect of the amount of limb lengthening on skeletal muscle. Clin
Orthop Relat Res 402:278–87

12. Makarov MR, Kochutina LN, Samchukov ML, Birch JG,
Welch RD (2001) Effect of rhythm and level of distraction on
muscle structure: an animal study. Clin Orthop Relat Res 384:
250–264

13. Mastalgia FL, Dawkins RL, Papadimitrou JM (1975) Morpho-
logical changes in skeletal muscle after transplantation. A light
and electron-microscopic study of the initial phases of degener-
ation and regeneration. J Neuro Sci 25:227–247

14. Matano T, Tamai K, Kurokawa T (1994) Adaptation of skeletal
muscle in limb lengthening: a light diffraction study on the
sarcomere length in situ. J Orthop Res 12:193–196

15. Meffert RH, Tis JE, Inoue N, McCarthy EF, Brug E, Chao EYS
(2000) Primary resective shortening followed by distraction
osteogenesis for limb reconstruction: a comparison with simple
lengthening. J Orthop Res 18:629–636

16. Sangkaew C (2005) Distraction osteogenesis for the treatment of
post traumatic complications using a conventional external fixator.
A novel technique. Injury 36:185–193

17. Schultz E, McCormick KM (1994) Skeletal muscle satellite cells.
Rev Physiol Biochem Pharmacol 123:213–257

18. Schumacher B, Keller J, Hvid I (1994) Distraction effects on
muscle. Leg lengthening studied in rabbits. Acta Orthop Scand
65:647–650

19. Shisha T, Kiss S, Pap K, Simpson H, Szőke G (2006) Relative
ability of young and mature muscles to respond to limb
lengthening. J Bone Joint Surg Br 88(12):1666–1669

20. Simpson AH, Williams PE, Kyberd P, Goldspink G, Kenwright J
(1995) The response of muscle to leg lengthening. J Bone Joint
Surg Br 77:630–636

21. Tamai K, Kurokawa T, Matsubara I (1989) In situ observation of
adjustment of sarcomere length in skeletal muscle under sustained
stretch. J Jpn Orthop Assoc 63:1558–1563

22. Tatsumi R, Sheehan SM, Iwasaki H, Hattori A, Allen RE (2001)
Mechanical stretch induces activation of skeletal muscle satellite
cells in vitro. Exp Cell Res 267:107–114

23. Tsujimura T, Kinoshita M, Abe M (2006) Response of rabbit
skeletal muscle to tibial lengthening. J Orthop Sci 11:185–90

24. Saleh M, Hamer AJ (1993) Bifocal limb lengthening: a prelim-
inary report. J Pediatr Orthop B 2:42–48

25. Williams P, Simpson H, Kyberd P, Kenwright J, Goldspink G
(1999) Effect of rate of distraction on loss of range of joint
movement, muscle stiffness, and intramuscular connective tissue
content during surgical limb-lengthening: a study in the rabbit.
Anat Rec 255:78–83

566 International Orthopaedics (SICOT) (2009) 33:561–566


	Structural changes in the lengthened rabbit muscle
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


