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ABSTRACT. We investigated wound tract extension of traumatic 
gunshot wounds in limb soft tissues as well as wound tract sonographic 
features and change-patterns when the limb position was changed. 
The experimental animals included 8 healthy crossbred pigs in the 
Chengdu plain region. Chinese Type 53 Carbine was used to establish 
the gunshot wound model of porcine soft tissues. Gunshot-injured 
zones in the soft tissues were dynamically observed at different 
time points using ultrasonic technology. Pathological examinations 
were performed for the corresponding regions for comparison and 
analysis. The internal echo of the wound tract was a pipe-like echo 
that changed over time. The wound tract extension changed with 
postural changes. The gas echo extended along the inside of the wound 
track, surrounding the fascia to further tissues. Ultrasonic imaging 
of gunshot wounds in pig soft tissues shows specific characteristics. 
The application of ultrasound technology may provide important 
imaging protection for gunshot wound debridement and postoperative 
unobstructed drainage, helping to improve the judgment and treatment 
of limb gunshot injuries.
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INTRODUCTION

Limb gunshot wounds account for 40-96% of total gunshot wounds (Stanec et al., 
1993; Coupland, 1994; Truax et al., 1997). In modern society, because of social factors such 
as firearms smuggling and homemade bullets, the incidence of short-distance gunshot wounds 
has increased. Various inspection methods can be used to examine gunshot wound injury 
(Schwartz, 1995; Parker et al., 1997; Kim et al., 2002; Sadjadi et al., 2009; Tartaglione et al., 
2012); however, imaging applications would be more suitable for clinical treatment. Under 
resource-limited field conditions, surgeons must evaluate injuries quickly and accurately. The 
large equipment required for certain methods such as computer tomography and magnetic 
resonance imaging is difficult to move, produces strong radiation, has complicated operation 
procedures, and cannot be used for on-spot rescue. In addition, if the patient’s location is too 
far away from the rescue hospital to obtain timely treatment, changes in the patient’s position 
during transportation may complicate the wound tract. Therefore, a method of non-invasive 
examination that is safe, relatively easy, and can be performed under field conditions to quick-
ly and accurately provide injury information and real-time monitoring of wound tract changes 
for the debridement would be more suitable for practical clinical practical.

As modern ultrasound technology continues to improve, the application of ultraso-
nography for trauma evaluation has also been further developed (Tayal et al., 2004). However, 
ultrasound imaging studies examining the extension characteristics and change patterns of 
gunshot wounds in soft tissues are limited, and have only been used for relatively simple 
wound track imaging.

We hypothesized that because of the advantages of modern ultrasound equipment, 
such as high resolution, ease of transport, convenience for on-site first aid, and real-time dy-
namic monitoring, this technology could be used to examine gunshot wounds in the soft tis-
sues and that sonographic characteristics and change patterns after the body position changed 
could be further understood. We examined whether this method could be used to facilitate 
the clinical treatment of limb gunshot wounds. In this study, we established a gunshot wound 
model of the porcine lower limb, performed routine ultrasound examinations of the injured 
pigs, dynamically observed the imaging characteristics of the gunshot wounds, and then com-
pared and analyzed the pathological results of the corresponding regions.

MATERIAL AND METHODS

Materials

All experiments strictly followed the Laboratory Animal Management Ordinance of 
American Academy. We obtained permission from the Animal Management Committee of 
the hospital and referred to the “Swedish model” (the experimental model used dogs or pigs 
as the experimental animals, and the injury site was the lower extremity). The animals used 
were 8 healthy crossbred pigs from the Chengdu plain region, male and female, weighing 30 
± 2.3 kg. The firearm used to induce the wound was a Chinese Type 53 Carbine (Chongqing 
Changjiang Machinery Factory, Chongqing, China). The standard steel ball weighed 0.15 g, 
the projectile velocity was measured to be 400 m/s at the shooting moment using an XL-1000 
type network target speedometer (Xi’an Oriental Machinery Factory, Xi’an, China), and the 
energy absorption was 12.0 J.
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Establishment of the gunshot wound model 
 
Experimental animals were fasted for 6 h; after anesthetization with ketamine hydro-

chloride (10-15 mg/kg) and 3% sodium pentobarbital (30 mg/kg), the animals were placed in 
the supine position and fixed on the firing stage, with one side hindlimb suspended. We tar-
geted the thick muscular tissue of the left hind femur, and shot from the inner side of the thigh 
to the outside; all shootings were executed by professional shooters at a shooting distance of 2 
m. Before shooting, ultrasound was used to help identify and mark the shooting point in order 
to avoid direct injuries to the femur and large thigh vessels.

Ultrasound examination  

For ultrasound examination, we used an HI Preirus (Hitachi, Tokyo, Japan) with a 
probe frequency of 7.0-13.0 MHz. All ultrasound image data were stored on the hard disk of 
the instrument. After successfully preparing the models, the animals were maintained in the 
injury posture (vertical position), and the injured site of the injured limb and the corresponding 
region of the contralateral limb were subjected to ultrasound scanning to identify and analyze 
the sonographic features of the injured region. Next, the injured position was changed to cause 
the injured limb to enter the flexion state (Figure 1), and the same method was used to perform 
ultrasound examination on the above sites. Observation time points included immediately 
after injury, and at 6, 24, 48, 72, and 168 h.

Figure 1. The posture of the pig injured limb was changed, the injured limb was in the buckling status, then the 
ultrasound examination was performed to observe whether the wound tract existed the changes. 
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Pathological examination

After the experiment, the animals were sacrificed and dissected, the wound tract was 
removed for the observation of the longitudinal and cross-section characteristics, and histo-
pathological examination was performed.

RESULTS

Animal injuries 

All animal models survived and succeeded with the wound as the penetrating trauma, 
and the ultrasonography confirmed that there was no injury in the femur or important vessels.

Ultrasonography  

The extension of the wound tract had significant sonographic features: the extension 
was slightly tortuous, continuous, pipe-shaped, and had a variable diameter and irregular edge 
(Figure 2); after changing the animal’s position, the continuity of the tubular echo was inter-
rupted immediately, and several fragments were produced which were mutually unconnected 
and located at some distance from each other (Figure 3), and the corresponding muscle parts 
of the contralateral limb showed clear movement. After the injury posture was recovered, the 
wound tract resumed to a continuous tubular echo.

Figure 2. The wound tract was little tortuous, continuous pipe-shaped, with various diameter and irregular edge. 
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Figure 3. After the position changed, the continuity of the tubular echo was interrupted, and several fragments 
were produced.

Ultrasonography  

Anatomical structures of the injured limb (skin, subcutaneous tissue, fascia, muscle) 
could be clearly distinguished. The wound tract showed the following ultrasound imaging 
characteristics at each time point. 1) Immediately after the injury, the main part of the wound 
tract appeared to have an irregular, band-shaped strong gas echo between the inlet and the 
outlet, some regions appeared as liquid dark areas, the peritissue spaces of the wound tract 
showed a scattered distribution of strong gas echo, which also existed in areas far away from 
the wound tract (Figure 4). At approximately 6 h after the formation of the wound tract, the 
strong gas echo in the wound tract began to decrease, while the range of the liquid dark area 
gradually increased. When we used a probe to place pressure on the liquid dark area, the area 
could be compressed, and in some sections, the strong gas echo could move among the liquid 
dark areas with the application of pressure. Twenty-four hours after injury, the liquid dark area 
in the wound tract significantly reduced, while the middle and low echo began to increase. 2) 
After 72 h, the wound tract mainly appeared to as irregular hypoechogenicity, while strongest 
echo disappeared. The extension of the wound tract remained clear, showing a large differ-
ence from the echo of the surrounding muscle tissues, while the strong gas echo in the distant 
muscle gaps essentially disappeared. 3) The echo of the muscle tissue at the edge of the wound 
tract exhibited texture disorder, showing thin strips or lump non-echo or uneven-echo area, 
while the texture of the muscle tissue 0.50-0.55 cm away from the edge of the wound tract 
exhibited no significant change. 4) After the injection of saline into the wound tract, the wound 
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tract and fascia adjacent to the wound tract were opened (Figure 5), and the strong gas echo in 
the surrounding tissues were observed to be interconnected with the wound tract.

Figure 4. Strong gas echo could be seen in the distant tissues and tissue-gaps.

Figure 5. After the injection of saline into the wound tract, the wound tract and fascia adjacent to the wound tract 
were opened.
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General pathological examination   

The general longitudinal section of the wound tract was approximately 0.4-1.0 cm 
wide, the inlet diameter was slightly smaller, with an inner diameter of approximately 0.4-0.5 
cm. The outlet diameter was slightly larger, with an inner diameter of approximately 0.9-1.0 
cm, and a slightly enlarged middle region. The edge of the wound tract inlet was neat, while 
the edge of outlet was irregular, mostly jagged, stellate, or showing irregular skin-tearing. In 
the general cross-section, a blood clot could be seen inside the wound tract, surrounded by 
dark brown irregular ring-shaped necrotic tissues, with a width of approximately 0.3-0.4 cm. 
The outer layer of the necrotic tissues was a dark-red hyperemia band with a width of 0.3-0.6 
cm. The outer layer of the hyperemia band exhibited no obvious abnormalities with the naked 
eye. The scattered and various-size hematoma echo could be seen in the surrounding tissues 
of the wound tract.

Tissue pathology after opening of the wound tract  

The pathology of the muscle tissues adjacent to the wound tract showed extensive 
fragmentation (Figure 6); the bleeding appeared among the muscle bundles (Figure 7) as dark 
brown areas around the wound tract of the general specimen. Outside this area, the muscle 
cells were cloudy, swelling, and loose, and the muscle cells of the partial region showed wavy 
changes (Figure 8). The control group showed normal pathological muscle tissues.

Figure 6. Pathology of the muscle tissues adjacent to the wound tract showed extensive fragmentation.
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Figure 7. Pathology exhibited the hematocele among the muscle groups.

Figure 8. Muscle cells outside wound tract region were cloudy, swelling, and loose with partial wavy changes.
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DISCUSSION

In the rescue of war wounds, the positioning of the wound tract can depend on per-
sonal experience and naked eye observation. The “4C” method of intraoperative muscle ne-
crosis judgment, induced by Scully (Olson, 1996), which includes muscle tissue color, blood 
circulation, muscle contraction, and muscle toughness changes observed with the naked eye, 
was simple, but imprecise, and was not useful for finding the wound tract. This may lead to 
tissue injury expansion or even misdiagnosis for treatment, delaying diagnosis. The treatment 
of gunshot wounds is controversial. Inactivated organs in the wound tract are a good medium 
for bacteria (Bowyer, 2006) and should be promptly removed. However, many scholars do not 
advocate complete debridement (Ziv et al., 1989; Bowyer and Rossiter, 1997; MacFarlane, 
1999), generally emphasizing the importance of postoperative drainage mainly because the 
early wound tract in gunshot and the inactivated surrounding tissues are not easy to discern 
(Fackler et al., 1989). Improper handling may increase defects in trauma-surrounding tissues 
or damage nearby blood vessels. Stromberg (1978) also reported 41 cases of low-speed gun-
shot wound; after careful debridement and combination treatment with antibiotics, the patients 
obtained adequate postoperative drainage and the wound completely closed in stage I without 
serious complications. Thus, the rapid and accurate identification of the wound tract extension 
is a prerequisite for minimizing damage towards the normal tissues during debridement as 
well as the adequate postoperative drainage.

Pathologically, partially damaged tissues can be divided into 3 regions outwards from 
the wound tract, including the primary wound tract region, the contusion region, and the con-
cussion region (Liu et al., 1991). Klein et al. (1975) suggested that foreign bodies in the wound 
tract, tissue damage, necrosis, shock, and local circulatory disorders can affect wound repair. 
Thus, correctly identifying the damaged areas is important for achieving reasonable debride-
ment. Our results showed that over time, the echo in the wound tract gradually increased and 
became variable; the irregular strong tubular echo could be observed around the tract (24 h 
later), which was the result of blood-clot-constant-activation. In the 2-D ultrasound, although 
the 3 regions of the traumatic wound tract were not clear, these regions still may be useful for 
making an objective assessment regarding the injury. Next, we assumed that the ultrasound 
imaging method could be used to accurately identify the 3 regions of the wound tract based 
on the 2-D ultrasound, while specific implementation measures were still unclear. Even after 
the formation of the wound tract over a long period of time (168 h), the high-resolution ultra-
sound clearly showed the wound tract extension. Although as time increased, the ultrasound 
did not show quantitative indicators for the wound tract echo, there was some regularity and 
the information enabled general judgment regarding injury time​​, providing an important basis 
for cleaning of the foreign bodies and necrotic tissues in the wound tract.

The running tract of the high-speed projectile (such as a bullet and fragment) in the 
body is not as simple as the continuation of the flight tract in the air. The wound path is not 
straight, particularly in gunshot wounds in the limbs. Because of anatomical specificity, this 
can easily result in complex damage to the soft tissues, blood vessels, nerves, and bones. In 
this study, extension of the wound track was slightly tortuous, and the inner diameter was vari-
able, appearing as a small inlet with a large outlet because after the bullet broke into the body 
tissues, the nutation angle increased significantly, increasing the damage range on the outlet 
much more than that to the inlet section (Fackler et al., 1988). After the injured limbs were 
changed from the suspended state to the buckling state, the wound tract immediately became 
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discontinuous, with several pipe-shaped echo far away from each other. The corresponding 
part of the contralateral limb muscles also appeared to show movement. The occurrence of 
this phenomenon was based on the anatomy and physiological characteristics of the limbs. 
Limb muscles segmentally distributed based on muscle groups, as the projecting path typically 
has a certain angle with the body axis, resulting in the wound tract extending into different 
muscles. With posture changes, the muscles will move along the direction of the force, chang-
ing the wound tract extension. Similarly, when recovering to the injured posture, the muscle 
force returns to its original position, restoring the original continuous state of the wound tract. 
We observed one relatively simple wound tract among many complex wound tracts (different 
projectiles, injured sites, or injured posture may result in several disconnected tract segments 
that are far away from each other). However, when the injury occurred, the injured limb may 
be in the upright posture or the buckling state, and thus the bullet may penetrate both the thigh 
and leg, forming a more complex wound tract. Because it may be difficult for the injured 
person to obtain treatment immediately after injury, when the patient is sent to the hospital, 
the injured limb should be in the active position, but typically is likely to have been changed 
position. In this case, if the doctor’s experience is the only method for identifying the tract 
during surgery, it would be difficult to find the debridement, which may increase damage to 
the normal body tissues and prevent unobstructed drainage. Therefore, before debridement, 
high-resolution ultrasound can be performed to understand the posture and the wound tract 
extension when injured, which would facilitate the implementation of debridement and post-
operative unobstructed drainage.

High-speed projectiles can cause tissue damages on the trajectory of projectiles; fur-
thermore, the unique “instant cavity effect” can also transfer the energy into the surrounding 
tissues of the wound tract, bringing air into the wound tract (Fackler, 1996). In this study, 
high-resolution ultrasound images obtained immediately to visualize wound tract formation 
were irregular, banded-strong gas echo between the inlet and the outlet, while the echo of the 
surrounding tissues increased and the texture was disordered, supporting the “instant cavity ef-
fect”. Over time, the gas in the wound tract reduced, possibly because the limb movements of 
the laboratory animals during the observation period gradually pressed the residual air outside 
of the wound tract. We also found that the gas was not only present in the wound tract, but 
also we incidentally detected a strong gas echo appeared in the surrounding tissues around the 
wound tract as well as in distant tissues. We injected saline into the wound tract to determine 
whether these strong gas echoes were related to the wound tract. Surprisingly, after saline 
injection, not only the wound tract was torn open, but also the adjacent fascia. Thus, these 
regions are interconnected, allowing for the observed gas migration. We reasoned that this 
may be because the “instant cavity effect” transferred energy to and damaging the surrounding 
tissues, while the strong pressure tore the fascia and allowed gas to migrate among the fascia. 
The characteristic of gas migration to the surrounding tissues provided the evidence of dam-
ages of the tissue and fascia surrounding the wound tract.

There were some limitations to our study. First, the sample size was small, although 
we believe that the results of the small samples are representative. Second, the 53-type mus-
ket used in this experiment had no rifling, and thus the projectile had nearly no rotation, so 
the wound tract was simple. After the posture change, the wound tract broken into segments, 
producing more complex wound tract areas, but the wound was the simplest type of complex 
wound tract. The firing rate of 400 m/s was much lower than the injuring velocity under war 
conditions, which is typically 900-1000 m/s (Wang, 2000). Therefore, the actual situation is 
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more complex and further studies should be conducted to examine this. Finally, this study was 
conducted using animals and had not been applied in practical clinical applications; thus, our 
next study will evaluate the clinical effect.

CONCLUSIONS

In summary, ultrasound not only showed excellent resolution capabilities for examin-
ing soft tissues, but is also easy to transport and conducive for on-spot emergencies. Ultra-
sound imaging of gunshot wounds in pig soft tissues revealed detailed features. High-frequen-
cy ultrasound can not only clearly show the wound tract morphology at different time points 
after injury, but also accurately identify complex wound tract extensions because of postural 
changes. The specific characteristic of gas migration along the fascia to the wound tract-sur-
rounding tissues revealed by ultrasound provided evidence of damage to the tissues and fascia 
surrounding the wound tract. Ultrasound technology applied for gunshot wounds can provide 
unobstructed imaging and facilitate clinical treatment, particularly in the implementation of 
debridement and postoperative unobstructed drainage, and help improve the judgment and 
treatment of limb gunshot injuries.
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