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Here, we would like to provide a short response 

to Letter to the Editor written by a respected human 

anatomists and histologists (Varga et al. 2020). The 

muscles of animals represent 40 to 50 % of their body 

weight, and the greatest part of this mass consists of 

cross-striated skeletal muscles (Makovicky et al. 2009d). 

At present it is a subject of intensive veterinary research, 

as muscles represent one of the most important elements 

in human nutrition. In addition, they are at the centre of 

applied research especially for muscular dystrophies, 

which are histologically characterized by muscular fiber 

atrophy, fragmentation and necrosis. Therefore, muscular 

fiber regeneration is an important part of research, but 

reparation is only the final stage of skeletal muscle 

damage. It seems that gene mutations play major roles in 

muscular dystrophies. On the other hand, it can also be 

expressed that myopathology in veterinary medicine is 

still lacking sufficient knowledge, but we are certain that 

future discoveries about individual gene mutations will 

change the view of skeletal muscle disease classification. 

Several studies have concentrated on the pathophysiology 

of muscular dystrophies, and muscular fiber splitting is 

interpreted here as a degenerative process. From this, 

several experimental studies documented muscular fiber 

splitting as a result of intensive exercise (Antonio and 

Gonyea 1994, Ho et al. 1980, Sola et al. 1973) or also 

exercise and nutrition (Eriksson et al. 2006). Some 

authors are convinced that this process starts with skeletal 

muscle fiber hyperplasia and is followed by skeletal 

muscle fiber hypertrophy (Alway et al. 1989, Tamaki et 

al. 1992). One study documented muscle fiber splitting in 

the normal skeletal muscle of dogs without disease 

(Braund et al. 1982), or one necroptic study documented 

muscle fiber splitting in the skeletal muscles of horses 

(Valentine 2008). Other authors are convinced that 

muscular fiber can grow only to a limited thickness after 

they have split (Uhrín and Uhrín 1989). It was even 

proposed that mice are not the best animal species for 

potential muscular dystrophy therapeutic studies because 

results obtained in mice cannot always by replicated in 

humans (Duan et al. 2015). We are supposing that 

skeletal muscle fiber splitting can also be visualized in 

C57BL/6NCrl mice. Today, there are models for several 

phenotyping centers across the world. Taking into 

account that skeletal muscles are constantly sampled 

during phenotyping, we hold the opinion that it is 

important to monitor and report if there are some changes 

in skeletal muscle.  

 Muscle spindles are a persistent part of animal 

skeletal muscles, functioning as sensory receptors and 

playing an important role in muscle contraction. For 

example, there was a full presentation about skeletal 

muscle development at the International Congress of 

Slovak Anatomical Society and 44th Lojda Symposium 

on Histochemistry, held in Bratislava. During the 

presentation, muscle spindles were also mentioned 

(Makovický et al. 2007d). In another International 

Congress on Anatomy and 49th Lojda Symposium on 

Histochemistry, held in Hradec Kralove, there was a full 

presentation showing the histological aspects of muscular 
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fiber splitting, containing several detailed figures 

(Makovický et al. 2012). There have been several our 

presentations and/or articles dealing with the 

development of animal skeletal muscle (Kulíšek et al. 

2004a, Kulíšek et al. 2004b, Makovický et al. 2007c, 

Makovický et al. 2009c), including the role of satellite 

cells or the impact of the MYF4 gene during skeletal 

muscle development (Makovický et al. 2006, Makovický 

et al. 2009a, Makovický et al. 2015). Special attention 

was given to giant fibers and muscular fiber splitting 

(Makovický et al. 2007a, Makovický and Makovický 

2015), with several histological changes observed, 

including the influence of the RYR1 gene and 

histological, histochemical changes in muscular fibers 

(Makovický et al. 2007b). A classification system for the 

splitting muscle fibers in the form of histological grade 

(G1-G4) was proposed and recommended for veterinary 

biopsy practice (Makovický et al. 2009b). Morphometric 

analyses were made and some histochemical properties of 

split skeletal muscles were identified (Makovický et al. 

2010).  

All the samples are derived from our IMPC 

(International Mouse Phenotyping Consortium) 

phenotyped mice. General information about the program 

is freely available. The consortium began work in 2011 

with its first and immediate objective to generate a null 

mutant and undertake broad based phenotyping for every 

gene in the mouse genome. As of 2018, IMPC have 

completed 8,000 genes – more than a third of the mouse 

coding genome. Completing the null mutant resource will 

enable to define the complete catalogue of essential genes 

in the mammalian genome, as well as continue to 

elaborate and expand the view of the genome landscape 

for multiple disease areas. The phenotyping module at the 

Czech Center for Phenogenomics houses 

a comprehensive collection of tools for the physiological 

and morphological assessment of experimental mice and 

rats in a controlled SPF (specific pathogen-free) 

environment. All animal models and experiments used in 

study were ethically reviewed and performed in 

accordance with European directive 2010/63/EU and 

were approved by the Czech Central Commission for 

Animal Welfare. Each cohort contains prescribed mice, 

and from selected mice 30 female and 32 male organs are 

sampled, including two cytological smears. Our database 

currently contains 1219 (629 females; 590 males) 

C57BL/6NCrl mice. This study reflected our personal 

views and shows a selected portion of our results about 

skeletal muscles, but could prove to be useful for the 

highly focused community in rodent histopathology. 

Results document normal skeletal muscles, and other 

macroscopic, histological results will be applied to 

particular mutant cohort mice, or to full control mice, and 

may be published in a future article. From the 500 

samples discussed, those that possess split muscle fibers 

make up less than 1 %, which on calculation is 

a negligible amount. If we were to compare this with the 

amount of muscle spindles in skeletal muscle, it is clear 

that there is a difference in their numbers, which would 

lead to a result of more than 1 %.  
 

Table 1. Percentage average of mice with hypertrophic/splitting 

muscular fibers and percentage average of hypertrophic/splitting 

muscular fibers on each individual sample.  

Signature  MHSMF AHSMF 

  250 ♀ 250 ♂ FSM ♀ FSM ♂ 

HMF <1% <1% <1% <1% 

SMF <1% <1% <1% <1% 

 

MHSMF: percentage average of mice with hypertrophic and 

splitting muscular fibers, AHSMF: percentage average of 

hypertrophic and splitting muscular fibers on each individual 

sample, FSM: femoral skeletal muscles, HMF: percentages 

average of hypertrophic muscular fibers, SMF: percentages 

average of splitting muscular fibers.  

 

For analysis, slides with hypertrophic or splitting 

muscular fibers were scanned using a Carl Zeiss Axio 

Scope A1 (Zeiss, Germany), which allows morphometry 

analysis (Kučera 2018). The average percentage of 

hypertrophic and splitting muscular fibers was calculated. 

An independent reviewer recommended that we remove 

a table containing morphometric results from our paper 

(Makovický and Makovický 2020). Table 1 shows that 

hypertrophic and splitting muscular fibers are visible in 

less than 1 % of all mice and less than 1 % of each 

individual sample. Muscular spindles are also clearly 

visible in the skeletal muscle of C57BL/6NCrl Mice. We 

acknowledge the figure criticism, which correctly points 

to the presence of muscle spindles. It was an oversight 

not to mention muscular spindles in our results section, 

nor in our figure descriptions. However, it shall not be 

overlooked in our future works. It seems that splitting 

muscular fibers have different morphology during 

pathological conditions compared to spontaneous 

splitting. Even in normal muscles they are only 

occasionally visible, in one mutant cohort of mice we 

found an increasing number of split muscular fibers.  

In our work, we do not discuss large-scale 

skeletal muscle regeneration or skeletal muscle 



2020  Reply to the Letter to the Editor    3 
 

 

degeneration, muscular fibers fragmentation and necrosis,  

which is accompanied by changes in the muscular fiber 

shape, color and fibrosis (Fig. 1A). What we do discuss is 

spontaneous muscular fiber splitting. Usually there is one 

hypertrophic muscular fiber (Fig. 1C), which undergoes 

splitting, but also one miniature splitting muscle fiber that 

is occasionally visible (Fig. 1D). Alternatively, the 

finding resembling an individual regenerating muscle 

fiber, which are histologically characterized by the 

presence of prominent cells, rows of internal myoblast 

nuclei and cytoplasmic basophilia (Nonneoplastic Lesion 

Atlas 2014). Figure 1E documents a row of internal 

vesiculated nuclei in regenerating muscle fibers. In 

accordance to Nonneoplastic Lesion Atlas (2014), which 

is a guide for standardizing terminology in toxicological 

pathology for rodents, they tend to retain their internal 

nuclei for some time, and this can serve as a marker for 

fibers that had previously undergone regeneration. 

Figure 1B documents muscular fibers with centrally 

localized nuclei. We are aware that the full view can be 

influenced by sampling and processing. Despite this, we 

believe that splitting muscle fiber are visible also near 

muscular spindles (Fig. 1F). This is our personal opinion, 

and we hope that our future work will shed more light on 

this issue. All the sampling materials, including sampling 

strategy, etc. strictly need to follow protocol. If we would 

like to make changes, it is only possible with additionally 

sampled material. Formol-parafin techniques in skeletal 

muscle histology often cause several artifacts and in order 

to minimize them, serial sections are requested. Our 

previous studies, and other external studies, dealing with 

skeletal muscles have utilized another fixative and 

alternative procedures, including additional staining for 

skeletal muscle evaluation. Certain changes in skeletal 

muscle fixation, sample processing and additional 

staining in mice phenotyping have been suggested several 

times by us. If clinics show signs of a musculoskeletal 

system disorder, or there are suspected changes in 

skeletal muscles, sampling from several muscle groups 

are always suggested. In addition, transversally oriented 

sections are recommended, so that the muscle fibers are 

visible in cross-section.  
 

 

 
Fig. 1. Selected histological figures with description in the text. Legend: A, B, C, D, E, F: HE: 400x, scale bar: 50 µm. 

 

It is a generally accepted opinion that a set of 

histochemical and immunohistochemical stainings will 

distinguish particular cells and tissues within samples and 

to increase the accuracy of final diagnoses (Makovický 

and Švecová 2016). Today in Veterinary Pathology, most 

diagnoses are completed from hematoxylin-eosin staining 

(Makovický 2015). Although our laboratory has a wider 

spectrum of additional special staining, it is possible to 

perform this appropriate staining only on a limited set of 

skeletal muscle samples. In our future work, a smaller 

sample number will be described with the appropriate 

additional staining. This approach is ongoing, especially 
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in individual external studies. Myology is a separate field 

which requires its own laboratory and staff. Worldwide, 

there are several Veterinary Pathology laboratories with 

varying facilities. Most histological consultations or 

second reading are realized from hematoxylin-eosin 

staining. Here, it is not surprising that we can encounter 

many different interpretations on the same sample. 

Sample turnover requirements for evaluation exceed the 

time interval to receive results even in common 

veterinary biopsy practice.  

 Finally, we would like to thank Varga and 

coworkers for their Letter to the Editor, as we do also 

appreciate criticism. Everyone who shows a serious 

interest is welcomed to do so, and we are ready to 

cooperate within our capabilities to consult our findings. 

The value of our results has not decreased. It is only 

another view that has raised several questions, which can 

be expanded in future works concerning muscular fiber 

splitting. The common objective of research is to discuss 

the relevant topic and express different views of 

a common problem. In this way, cooperation between 

several specialists will be imperative to bring excellent 

results in the future, not only in skeletal muscle research.  
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