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Histological changes in skeletal muscle during death by drowning. An experimental study 

 

Abstract 

A diagnosis of drowning is a challenge in legal medicine as there is generally a lack of 

pathognomonic findings indicative of drowning. This paper investigates whether the skeletal 

muscle undergoes structural changes during death by drowning. Eighteen Wistar rats were divided 

into three equal groups according to the cause of death: drowning, exsanguination and cervical 

dislocation. Immediately after death, samples of the masseter, sternohyoid, diaphragm, anterior 

tibial, soleus, and extensor digitorum longus muscles were obtained and examined by light and 

electron microscopy. 

In the drowning group, all muscles except the masseter displayed scattered evidence of 

fiber degeneration, and modified Gomori trichrome staining revealed structural changes in the form 

of abnormal clumps of red material and ragged red fibers. Under the electron microscope, there 

was myofibrillar disruption and large masses of abnormal mitochondria. In the exsanguination 

group, modified Gomori trichrome staining disclosed structural changes and mitochondrial 

abnormalities were apparent under light microscopy; however, there was no evidence of 

degeneration. No alterations were observed in the cervical dislocation group. 

As far as we know, this is the first time that these histological findings are described in 

death by drowning and are consistent with rhabdomyolysis and intense anoxia of skeletal muscle. 

 

Introduction 

Histological examination of skeletal muscle in legal and forensic medicine tends to focus 

on four major objectives: to establish the sequence of postmortem changes; 1-3 to identify artifactual 

postmortem changes; 4 to recognize certain histological changes which enable the myotoxic effects 

of drugs and toxins to be established and characterized; 5 and to identify microscopic features 

enabling the cause of death to be established. 6-8 

 

Within the latter objective, determination of the cause and manner of death for a body 

recovered from the water is hampered by a lack of autopsy findings specific for drowning. 9 Our 

study was prompted by the unexpected finding of muscle fiber abnormalities during earlier 

research into the association of diatoms with drowning in peripheral rat tissue. 10 In muscle 

pathology, intense red staining using modified Gomori trichrome staining is widely regarded as 

indicative of a range of structural abnormalities, including mitochondrial clumping, nemaline 

bodies, tubular aggregates, and cytoplasmic bodies. 11 
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We seek to investigate structural abnormalities in various muscles that might be associated 

with death by drowning. For comparative purposes, two other causes of death were included: 

exsanguination and cervical dislocation. Our results confirm earlier muscle changes observations in 

death by drowning, suggesting that these changes may be linked to intense anoxia and muscle 

strain. However these changes can not be considered as specific of drowning deaths. 

 

 

Material and Methods 

 

Animals and groups 

Eighteen 12-week-old male Wistar rats (380-425g) were divided equally into three groups 

according to the cause of death: Group 1: death by drowning; Group 2: exsanguination; Group 3: 

cervical dislocation.  

 

Rats in Group 1 were placed in a cage which was then immersed into tap water at room 

temperature for 30 minutes. Rats in Groups 2 and 3 were previously anesthetized with an 

intraperitoneal injection of 75mg/kg ketamine (Imalgene® 100mg/ml, Merial Laboratorios, Lyon, 

France). For exsanguination (Group 2), anesthetized rats were placed in the supine position for 

transthoracic cardiac puncture; blood was then quickly aspirated into a 10-ml syringe.  

 

Samples of masseter, sternohyoid, anterior tibial, soleus, and extensor digitorum longus 

muscles (right and left) were taken from all rats; the diaphragm was split in two and each half was 

examined separately. These muscles were chosen because they are widely used in myology and 

experimental myopathology, and their histological and histochemical characteristics are therefore 

well documented. 12-16 Moreover, hemorrhagic changes have been reported in the human 

sternohyoid during drowning. 9 

 

Ethical approval 

All procedures were carried out in accordance with Directive 2010/63/EU of the European 

Parliament and of the Council, of 22 September 2010, on the protection of animals used for 

scientific purposes, 17 and the study was approved by the University of Córdoba Bioethics 

Committee.   

Light and electron microscopy 

All muscles were examined grossly immediately after extraction. For histological and 

histochemical analysis, specimens were embedded in OCT, flash-frozen in isopentane cooled with 

liquid nitrogen (-160ºC) and transversely sectioned at 8 m using a cryostat at -20°C. Sections 

were stained with haematoxylin-eosin (H-E), modified Gomori trichrome (MGT), Masson’s 
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trichrome, nicotinamide adenine dinucleotide-tetrazolium reductase (NADH-tr), succinate 

dehydrogenase (SDH), alkaline phosphatase (AKP), and acid phosphatase (AP) using standard 

staining procedures. 18 

 

Small fragments from each specimen were fixed in 2.5% glutaraldehyde in 0.1M phosphate 

buffer at pH 7.4, postfixed in 1% osmium tetroxide for 2 hours, dehydrated through an acetone 

series, and then embedded in Epon. Ultrathin sections were obtained with an LKB 8800 

ultramicrotome, and sections were placed on copper grids and stained with uranyl acetate and lead 

citrate. They were examined with a JEOL JEM 201 high-resolution transmission electron 

microscope (SCAI, University of Córdoba). 

 

Quantitative and statistical analysis 

Whole transverse histologic sections were examined at x 200 magnification. The frequency 

of changes was determined by counting lesions over a minimum of twelve 0.24 mm2 fields per 

muscle using a Sony Exwaved HAD digital camera mounted on a Nikon Eclipse E1000 microscope 

(Nikon, Tokyo, Japan) and connected to a personal computer. The extent of lesions was scored 

using an ad hoc semiquantitative classification by two different observers (see note to Table 1). For 

classification purposes the maximum lesion score for each muscle was taken as valid, and the mode 

for maximum values for each lesion in each group was taken as the representative value for that 

group. 

 

 

Results 

Gross examination of muscle yielded no relevant findings in any of the groups. 

Histological changes observed, together with the results of semiquantitative analysis for the three 

groups, are shown in Table 1. No structural abnormalities were noted in any of the muscles in the 

cervical dislocation group, but changes were observed in the other two groups. The nature and 

frequency of these changes differed between the exsanguination and drowning groups.  

 

Drowning group (Group 1) 

At histological examination, rounded, swollen fibers that stained more intensely were 

identified as hypercontracted fibers (Fig. 1). Larger fibers observed in some muscles, often 

exhibiting fissures and internal nuclei, were classed as whorled fibers (Fig. 2); these were 

sometimes found adjacent to fibers displaying pale staining zones, which were identified as ghost 

fibers (Fig. 3), and others with a granular appearance (Figs. 3 and 4). Some specimens contained 

occasional areas of edema and degenerative phenomena including ghost fibers as well as others 

staining intensely red to Masson’s trichrome (Fig. 5).  
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MGT staining revealed fibers containing bright red masses which displayed various 

morphological patterns: peripheral balls or balloons on fiber surfaces; half-moon or crest shapes, or 

hood-like patterns covering most of the fiber, while the rest of the sarcoplasm continued to appear 

normal (Figs. 6-8). In other instances, the reddish staining pattern was clearly consistent with that 

of a ragged red fiber; peripheral clumping was observed around the whole fiber, together with an 

intrasarcoplasmic granular pattern (Fig. 9). Apparently-isolated, reddish-staining masses also were 

visible between muscle fibers, their patterns varying even within a single transverse section; these 

masses stained positively for SDH (Fig.10) and NADH-tr (Fig.11) —confirming their 

mitochondrial nature— but negative for other stains tested (AKP and AP). Histochemical staining 

for AP and AKP yielded no significant findings. 

 
 

Electron microscopy disclosed major ultrastructural changes involving both mitochondria 

and myofibrils. Interestingly, these degenerative alterations were more marked in the diaphragm 

than in the other muscles. Myofibrillar changes were less extensive than mitochondrial changes, 

which were apparent in the majority of instances. Many fibers contained large clumps of abnormal 

subsarcolemmal and intermyofibrillar mitochondria (Fig.12). Most were swollen with broken 

crests; in some instances, plate-like inclusions were visible, while others displayed numerous 

vesicles (cystic degeneration) and vacuolization (Figs. 12-15).  

 

These clumps of abnormal mitochondria were observed both in fibers with virtually-

unchanged myofibrils and in fibers displaying extensive myofibrillar damage. There was evidence 

of hypercontraction, focal Z-disc streaming, and myofibrillar disruption (Figs. 13-15); these 

changes were particularly apparent in the diaphragm, where they were accompanied by 

myofibrillar rupture and myofilament loss. 

 

There was no sign of intramuscular bleeding, capillary injury or plasma extravasation.  

 

 

Exsanguination group (Group 2) 

MGT staining revealed peripheral balls or balloons on fiber surfaces containing red 

material with MGT (Fig. 16) and ragged red fibers, although these were less numerous than in the 

drowning group. None of the specimens displayed evidence of fiber degeneration of the kind 

observed in the previous group, except for occasional, isolated hypercontracted fibers. Under 

electron microscopy (Fig. 17), a number of fibers exhibited mitochondrial changes similar to those 

detected in the drowning group. No myofibrillar alterations were observed. 
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Cervical dislocation group (Group 3) 

Histological findings with both H-E and MGT staining in the cervical dislocation group 

were normal for all muscles (Fig. 18). Histochemical staining revealed no cytoarchitectural or 

fiber-type changes (Fig. 19). No ultrastructural changes —either mitochondrial or myofibrillar—

were observed. 

 

 

Discussion 

 These findings confirmed that death by drowning prompts changes in skeletal muscle 

structure consistent with intense anoxia and rhabdomyolysis; however, the frequency of these 

changes varied depending on the muscle concerned. Interestingly, no such changes were observed 

in the cervical dislocation group, while exsanguinated rats displayed only changes consistent with 

anoxia.  

 

Histological evidence of anoxia included fibers containing abnormal deposits of red 

material and other fibers identified by MGT staining as ragged red. Histochemistry and electron 

microscopy detected mitochondrial masses, most displaying significant degenerative changes 

consistent with anoxia.19 Ragged red fibers, a well-documented finding in muscle pathology, are 

widely regarded as a non-specific change linked to mitochondrial disorders; however, some 

authors20 view them as a special kind of pathological reaction which may involve abnormal 

accumulation of mitochondria. Since their detection in the rats was not due to underlying 

mitochondrial pathology, they may be linked to the death. It is unlikely to be a post-mortem change 

as there are no report describing this in the literature, and post-mortem degenerative changes in 

skeletal muscle occur at a later stage. 2 Moreover, these changes were not observed in the cervical 

dislocation group, after the same post-mortem interval. Here, ragged red fibers, or fibers closely 

resembling them, occurred over a very short duration of time, since death was very fast (less than 2 

minutes in the drowning and exsanguination groups). These mitochondrial changes thus took place 

very quickly; the speed with which they appeared suggests that they were formed equally fast.  

 

Although MGT-detected structural abnormalities were much more marked in the drowning 

group, they also were observed—albeit less frequently—in the exsanguination group, suggesting a 

common or similar mechanism in both types of death. This may be linked to the marked 

hypoxemia undergone by muscle fibers in both situations: in the drowning group due to asphyxia 

caused by liquid entering the airways, and in the exsanguination group to sudden hypovolemic 

shock. It seems that the intense "hypoxia" underwent by the exsanguination and drowning rats 

gives time for the mitochondrial changes to occur whilst the group of cervical dislocation does not 
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have enough time. In any case, these muscle changes suggestive of intense anoxia, might be seen in 

other kind of asphyxial deaths and can not be considered as specific of drowning deaths. 

 

Although the precise mechanism leading to the formation of ragged red fiber and abnormal 

clumps of red material in the muscles studied here cannot yet be identified beyond doubt, it may 

well be that in response to the lack of oxygen prompted both by drowning and by hypovolemic 

shock, muscle mitochondria accumulate rapidly in the vicinity of muscle capillaries in order to 

enhance the efficacy of their oxidative metabolism, or simply that they undergo an immediate 

pathological reaction. In normal muscle fibers, subsarcolemmal mitochondria are known to 

accumulate close to capillaries in order to optimize the supply of oxygen and substrates. 21, 22 

Modifications in the capillary network and in muscle fibers -particularly changes in mitochondrial 

volume density- are known to take place in response to changing functional demands due to 

hypoxia linked both to extreme altitude 23 and to prolonged submersion. 24 Adaptation of this kind, 

however, takes place progressively; here, rather than a gradual adaptation, modifications were part 

of a very fast fiber response to severe hypoxia. This might lead to the rapid formation of large 

mitochondrial clumps and thus to the appearance of ragged red fibers staining abnormally to MGT. 

This would seem to be borne out by the mitochondrial response to hypoxia. Muscle mitochondria 

display an early reaction to ischemia; 2-24 h after application of a tourniquet, rat skeletal muscle 

mitochondria undergo alterations leading to the appearance of ragged red fibers; 25 at the same 

time, there is evidence of mitochondrial crest loss or condensation. 26 Interestingly, Isozaki et al 27 

reported abundant ragged red fibers at autopsy in the diaphragm of patients with chronic 

obstructive pulmonary disease, suggesting that they were formed under the relative hypoxic state in 

the overworking diaphragm.  

 

 However, whilst MGT staining revealed structural abnormalities in both the drowning and 

the exsanguination groups, one striking phenomenon was observed only in the drowning group: 

clear evidence of fiber degeneration, in the form of hypercontracted fibers, ghost fibers, whorled 

fibers and coil fibers, suggesting additional damage involving myofibrillar rupture later confirmed 

by electron microscopy. In our opinion these degenerative changes would appear to provide 

structural evidence of rhabdomyolysis caused by drowning. One cause of acquired rhabdomyolysis 

is linked to stress and metabolic disorders prompted by a near-drowning situation. 28, 29 Changes 

observed in the present study may be attributable to muscle damage as a result of sudden 

contractions caused by the muscular exertion involved in trying to get out of the water, and by 

forced breathing. However, we can not rule out completely the possible role of agonal convulsions 

as a cause of these degenerative changes, which could also take place in other asphyxial deaths as a 

consequence of intense muscle spasms. The high levels of myoglobin in urine reported in some 

causes of death, including drowning, are regarded as an indicator of muscle hyperactivity. 30 
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Concentric muscle actions -including swimming and diaphragmatic breathing- appear to reproduce 

the patterns seen in traumatic injuries such as crush or over-strain. 31 Strenuous high-intensity 

exercise is known to lead to muscle damage characterized by rupture or disruption of contractile 

material; 32, 33 forced lengthening contractions have been found to induce the formation of swollen, 

rounded fibers due to disruption of the plasma membrane, apparent in irregular dystrophin 

staining.34 It has been suggested that severe damage to the plasma membrane due to mechanical 

trauma may cause a massive influx of Ca++ and thence to hypercontraction. 35 Ghost-like fibers are 

non-specific degenerative fibers appearing in a whole range of myopathic disorders, including 

rhabdomyolysis; the main morphological feature of these early degenerative fibers is their pallor on 

histological staining and loss of activity on histochemical examination. 35 These varying degrees of 

myofibrillar lesion may therefore be regarded as an expression of muscle over-strain, linked either 

to an overworking diaphragm due to forced breathing, or to more intense contractions of anterior 

tibial, soleus, and EDL muscles as the subject tries to get out of the water. The changes are similar 

to those reported following strenuous exercise or in severe stress-induced rhabdomyolysis. No 

intramuscular bleeding was observed here, although it has been reported as the only significant 

finding in human neck, trunk, and arm muscles in cases of drowning. These haemorraghes have 

been attributed to agonal convulsions, hypercontraction and overexertion of the affected muscle 

groups. 8 

  

 One limitation of this work is that we only studied three different causes of death: 

drowning, exsanguination and cervical dislocation. The reasons behind this election are restrictions 

about our experimental study with animals. 17 It would have been better not to use anesthesia in any 

of the groups, as well as to add some groups of other mechanical asphyxia -manual or ligature 

strangulation, hanging, smothering…- but ethical reasons prevent us from doing so. 

 

In conclusion, our experimental findings indicate that there are histologically-evident 

changes in skeletal muscle after death by drowning. Microscopic features of these changes suggest 

two possible mechanisms: intense anoxia, a mechanism common to death by drowning and by 

exsanguination; and mechanical trauma -found only in death by drowning- linked to intense muscle 

contractions due to the over-strain involved in forced breathing and in trying to get out of the water. 

Nevertheless, future research on human skeletal muscle in drowning and other asphyxial deaths is 

needed to confirm these findings and its possible usefulness in the diagnosis of this type of death, 

taken in conjunction with other forensic data. 
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Legends to Figures 
 

 
Fig 1   Drowning group. Soleus muscle. Hypercontracted fibers (arrows) showed 

great size, high staining and rounded profiles. Masson trichrome, 20x 
(original magnification, om)  

 
Fig 2 Drowning group. Anterior tibial muscle. Many very large fibers showing 

distortions of their architecture (whorled fibers) (arrows). H&E, 10x (om) 
 
Fig 3  Drowning group. Anterior tibial muscle. Several degenerative muscle fibers 

showing different patterns: whorled fibers with acidophilic sarcoplasm, 
fisures, and internal nuclei (thin arrows), granular fibers (arrowheads) and 
ghost fibers with pale sarcoplasm (thick arrow).  H&E, 40x (om) 

 
Fig 4   Drowning group. Anterior tibial muscle. Three muscle fibers showed 

basophilic granular stain (head arrows) which corresponds with the ragged 
red fiber. H&E, 40x (om) 

 
Fig 5   Drowning group. Sternohyoid muscle. Muscle fibers showing degenerative 

changes include ghosts or pale fibers (arrows) along with others containing 
reddish mass inside. There is also interstitial edema. Masson trichrome, 40x 
(om) 

  
Fig 6  Drowning group. Anterior tibial muscle. Presence of red-staining material 

with different morphologies in several muscle fibers are prominent: 
peripheral balloons (arrowhead), crescent or ridge (thick arrow) and 
interstitial red material (thin arrows). MGT, 40x (om) 

 
Fig 7   Drowning group. Anterior tibial muscle. Muscle fibers with reddish clusters 

as a hood.  MGT, 40x (om) 
 
Fig 8   Drowning group. Anterior tibial muscle. Muscle fiber similar to the above.  

MGT, 40x (om) 
 
Fig 9   Drowning group. Anterior tibial muscle. A typical ragged red fiber. MGT, 

40x (om) 
 
Fig 10   Drowning group. Anterior tibial muscle. The arrows indicate small muscle 

fibers, some of them are fully occupied by material of high oxidative 
activity.SDH, 40x (om) 

 
Fig 11   Drowning group. Diaphragm muscle. Several muscle fibers containing  

intense oxidative enzyme activity in peripheral and internal regions. NADH-
tr, 20x (om) 

 
Fig 12  Drowning group. EDL muscle. Low-magnification of part of three fibers 

with large subsarcolemmal aggregates of normal and abnormal 
mitochondria (asterisks). Many of the intermyofibrillar mitochondria also 
have degenerative changes. Transmission Electron Microscopy (TEM). 

 



12 
 

Fig 13  Drowning group. Diaphragm muscle. Large masses of degenerative 
mitochondria between hypercontracted myofibrils. Mitochondria vary in 
size and shape, and many of them are swollen with breaks in their cristae. 
TEM 

 
Fig 14   Drowning group. Diaphragm muscle. Massive accumulation of 

degenerative mitochondria showing vacuolization and swelling. TEM 
 
Fig 15   Drowning group. Diaphragm muscle. The myofibrils are broken and shows 

streaming and disintegration of the Z disks (arrows), mitochondria are 
swollen and the sarcotubular profiles are dilated. TEM 

  
Fig 16 Exsanguination group. Diaphragm muscle. Several muscle fibers showing 

red peripheral balloons. MGT, 20x (om) 
 
Fig 17  Exsanguination group. Anterior tibial muscle. The fiber shows no evidence 

of myofibrillar degeneration but many vacuolated mitochondria with 
disorganized or absent cristae can be seen in the subsarcolemmal and 
intermyofibrillar locations. Normal mitochondria are also observed 
(asterisk). TEM 

 
Fig 18 Cervical dislocation group. Diaphragm muscle. Muscle fibers do not show 

abnormalities. MGT, 40x (om) 
 
Fig 19  Cervical dislocation group. Masseter muscle. Normal checkerboard 

distribution of histochemical fiber types; note the absence of abnormalities 
in muscle fibers. NADH-tr, 20x (om) 

 


