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Abstract 

Introduction 

Gunshot injury is a common mechanism of injury in the South African context. A 

previously wartime entity has found itself to have a significant presence amongst 

civilians. South Africa has been reported to have a 26.8 per 100 000 rate of firearm 

deaths, the third highest rate in the world. The quantitative and qualitative data about 

these injuries – that place a significant burden on the patient, healthcare system and 

economy – are unfortunately poorly documented. The weaponry and the associated 

ballistics used by civilians is poorly understood, hence the potential to cause injury also 

needs to be investigated. The relative paucity of data surrounding gunshot injuries to 

the extremity, and an appropriate classification system, requires further investigation. 

A novel classification system was introduced by Gugala et al. which has not been 

validated in isolated extremity gunshot injuries.  

Methods 

A retrospective analysis of clinical records of patients presenting to two level one 

trauma centres in Johannesburg was conducted to provide an epidemiological 

understanding of this cohort of patients including the social backdrop that may 

contribute to gunshot injuries in the hope of identifying areas where preventative 

measures may be introduced. We analysed the injuries caused by the weaponry in the 

community and were able to draw a few inferences with regards to ballistic properties. 

We also applied the classification system proposed by Gugala et al. to determine 

validity using the Cronbach’s coefficient alpha and Pearson’s correlation coefficient. 

We did statistical analyses of other associations that may be used to determine injury 

potential with the reported description of the event including the size of the gun, and 

distance from the gun.  

Results 

We reviewed 232 isolated Gunshot injuries to the extremities in 188 patients. This 

included twenty-seven cases of soft tissue injury alone, and 214 fractures. We detected 

an 8.6% nerve injury rate. Most of the injuries occurred in the lower limb, with a greater 

likelihood of fractures occurring in upper limb injury patients. The majority of patients 

in this series were young, otherwise healthy males with reports of some kind of illicit 

substance use. We found that there was a significant peak of gunshot injuries that took 
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place around 20h00 and the mean time to presentation of 743 minutes to the 

Department of Orthopaedic Surgery. We derived a poor internal consistency with a 

Cronbach’s Coefficient Alpha value of 0.3489 and poor inter-component correlation. 

The statistical analysis revealed that the ballistics was unpredictable relative to the size 

of the gun or distance from the gun. 

Conclusion 

The ascertained serological and radiological parameters in conjunction with the latest 

literature suggests that many of these patients are appropriate for early appropriate 

care with- or with-out surgical intervention. There are significant social correlations that 

would require further investigation which may be areas for prevention. Isolated 

extremity injuries have been shown to requite expeditious assessment and appropriate 

management as we have found these injuries are debilitating and with a better 

understanding and further investigation, we may better prevent the injuries from 

occurring and streamline the management of these injuries to improve outcomes. 
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1.  Introduction and Literature Review 

1.1 Burden on Healthcare 

Gunshot injury (GSI) is a common mechanism of injury in the South African context. A 

previously wartime entity has found itself to have a significant presence amongst 

civilians.(1, 2) South Africa has been reported to have a 26.8 per 100 000 rate of firearm 

deaths, the third highest rate in the world.(3) Locally, it was found that gun ownership 

by civilians outnumber state owned guns by six times.(4) Internationally, civilian firearm 

associated crime is increasing, with the United Kingdom experiencing a 30% increase 

from 1998 to 2005 alone.(5)  Knowing the weapon used in the South African setting is 

often quite difficult, as found by Abrahams et al., and unlicensed firearms are more 

likely to be used in violent crime over legal guns, which also makes it difficult to 

understand the ballistics responsible for the injuries seen in our local setting.(6)  

The quantitative and qualitative data about these injuries, are unfortunately poorly 

documented in South Africa. In 2002, there were 127 000 non-fatal GSIs recorded per 

annum across the country,(7) comparatively, the Centre for Disease Control recorded 

a total of 58 841 non-fatal GSIs in the United States of America (USA) in the same 

year.(8) Groote Schuur Hospital in Cape Town has an electronic trauma health record 

which shows that of the 12 000 patients seen in a year, 1000 were attributed to GSIs.(9) 

In the USA, the recorded amount of non-fatal GSIs for each fatal GSI was 3.3 to 1.0 in 

1995.(10) In 2012, one in every 1000 people within our borders fell victim to a non-fatal 

GSI.(3) In the USA, Gotsch et al. found frequent extremity injury in non-fatal GSIs 

comprising 46% of the assaults and 72% of unintentional injuries.(11)  

Brown et al. found gunshot related injuries to account for 24% of all orthopaedic 

admissions. The literature reveals the most common gunshot associated fractures to 

be of the femur (22-49%); the radius, ulna or both (14-23%); the hand (18%), the 
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humerus (10-17%) and the tibia (11-14%).(12-14) These injuries impose a significant 

burden on the patients, their families and the relevant health care systems. This burden 

is often multifaceted, taking a significant toll on the psyche, time to healing and financial 

losses from the inability to work, and subsequent detriment to livelihood.(15)  

By 1995, Ordog et al. already found GSIs to cost approximately USD 1 billion per 

year.(16) In the USA, gunshot related medical treatment exceeds USD 2.7 billion 

annually – even more startling – that up to 50 000 lives are lost each year due to GSIs 

which almost equals the number of fatalities (59 021) in 12 years of the Vietnam war.(17, 

18) In 1994, Nowotarski et al. reported an average cost of USD 13 140 (approximately 

ZAR 46 467) per patient excluding physician fees to treat civilian gunshot associated 

femur fractures.(19) The cost to our local healthcare system is also substantial – Peden 

and Van der Spuy found that it cost an average of ZAR 30 628 to treat each gunshot 

victim at Groote Schuur Hospital in 1998, with a total expenditure of ZAR 3.8 million, 

for the year.(20) More recently, Martin et al. reported that the average cost of treatment 

per patient was ZAR 24 945, the highest being ZAR 170 084, with an average hospital 

stay of 9.75 days at the same facility.(21)  

The United Nations meeting held in 2001 advocates adequate surveillance in health 

care facilities to better understand the details surrounding the incident. The current 

data available is often a reflection of police and law enforcement agencies which might 

not include the 50 – 80% of victims of violence as these may not have been reported 

to the relevant authorities.(22) 

1.2 Ballistics 

Gunshot wounding is an interaction between the penetrating projectile, the anatomy of 

the wounded subject and the chance occurrences that determine the exact missile 

path.(23) There are several variables that determine the amount of injury a projectile 
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may inflict, these variables include: the mass and velocity of the projectile, as well as 

the shape of the projectile, the material it is made of, the fragmentation capacity of the 

projectile, and the properties of the tissues that it strikes.(2, 24-29) Yaw refers to the  

magnitude of deviation of the bullet from its axis of trajectory which may in some cases 

result in tumbling of the projectile. It has also been found to be directly proportional to 

the severity of tissue trauma due to an increase in surface area of the bullet making 

contact with the patient.(25-27) Kinetic energy directly correlates to wounding capacity. 

It is calculated by ½ mass x velocity squared (½ mv2), where the mass is measured in 

kg and velocity in m/s.(29, 30)  

Many sources have referred to the wounding capacity of a weapon relative to the 

muzzle velocity it is able to produce. Low-velocity weapons are regarded to have a 

muzzle velocity of less than 2000 feet per second (ft/s), or 600  metres per second 

(m/s), whereas high velocity weapons have a muzzle velocity greater than 2000 ft/s. 

(12, 28, 29, 31) It takes an impact velocity of 150 ft/s (approximately 45 m/s) to breach the 

skin and 195 ft/s (approximately 60 m/s) to fracture a bone.(12, 31-34) Furthermore, some 

publications have differentiated between low and medium velocity weapons where a 

velocity above 350 m/s is considered medium. (35-37) It has been found that most 

civilians have low velocity weapons in the USA, however there is a paucity of data 

regarding the nature of weapons that South African civilians utilise mostly.(38, 39) The 

gun with a longer barrel is able to confine and concentrate resultant gases from ignition 

of gunpowder for a greater amount of time and thereby propel the projectile at a greater 

velocity. Distance from the gun also plays a significant role in wounding potential as 

the muzzle velocity has been found to decrease significantly if the distance to the target 

exceeds 45 metres for low velocity weapons, and 90 metres for high velocity 

variants.(12, 35) Most civilian injuries have been recorded at an average range of 10 

metres. (16, 40)  
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Higher energy transfer results in greater comminution of the bone and greater 

disruption of soft tissue. (24, 40, 41) Brien et al. described several bullet types as being 

low velocity but high energy projectiles such as 0.40-calibre, 0.45-calibre and 0.357-

calibre magnum bullets, and low energy low velocity bullet types being 0.38-calibre, 

0.25-calibre and 0.22-calibre bullets.(42) Rifles, shotguns and bullets with a calibre 

greater than 0.38, or even bullets of low calibre but fired within close range of the 

patient, may be considered to cause grade three injuries as per the Gustilo-Anderson 

classification, with a high propensity to cause soft-tissue and bone necrosis.(42, 43) In 

many cases where the patient may have fled the scene, or was unaware of the specific 

weaponry used, it may be difficult to ascertain the muzzle velocity in question; however, 

Gelbart et al. used a wound diameter of less than 5 cm to exclude an extended zone 

of injury as seen in high velocity injuries.(44) It is important to note that even if the muzzle 

velocity and firing distance are known, the many aforementioned confounding 

variables in ballistics may alter the severity of an injury in a disproportionate manner. 

(9, 45)  

1.3 Injury Severity  

The severity of tissue injury depends on the efficiency of energy transfer, and naturally 

high velocity weaponry may infer high energy transfer resulting in a greater severity of 

injury. (12, 25, 46-49) A high density tissue such as bone is less able to absorb energy and 

will often fracture from the high energy insult. It is the transfer of energy that is 

proportional to injury severity. Therefore, one must be cognisant not to take muzzle 

velocity in isolation but more importantly – impact energy. Low velocity firearms may 

produce a high impact energy and greater injury.(12, 35, 50) The higher energy missiles 

create shockwaves that are capable of inflicting remote injury.(35) If significant 

fragmentation is seen clustered on radiographs, one can infer significant soft tissue 

injury at that site. (51) Gugala et al. described the parameters required for high energy 
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injuries to occur and these include: 1) the use of a high velocity weapon fired within 90 

m of the target, 2) an injury inflicted by a shotgun at a range less than 5 m; 3) the use 

of atypical bullets enhancing wounding potential such as hollow-point; 4) the weapon 

being fired repetitively into a limited area of tissue to increase the wounding size and 

5) a missile creating extensive bony comminution and/or injuries producing secondary 

missiles such as bony fragment regardless of the firearm used.(35)  

Bartlett et al. describes two categories of gunshot induced fractures as complete and 

incomplete fractures. Incomplete fractures are further subdivided into drill hole 

fractures, usually occurring in metaphyseal bone with the diameter of the fracture being 

similar to that of the bullet;(40, 52) the unicortical divot fracture which characteristically 

reveals a small area of bone lifted off with or without an associated fracture line 

extending from the divot; and lastly a chip fracture which is very rare in bullet injuries 

and is often the result of a narrow point impact as seen in a stab wound. (12, 26, 52-56) 

Complete fractures generally occur in diaphyseal bone which commonly result in single 

or double butterfly fractures. Some authors have also documented spiral fractures 

originating from the point of impact which is believed to be ascribed to a stress riser 

effect i.e. the bone was under load or stress at the time of impact. (12, 53, 55-58) Clinical 

and radiographic appearance of the entrance hole is usually a punched-out round to 

oval shape with a sharp bevelled edge. The exit site is generally conical in appearance 

with variable degrees of comminution.(26, 34, 52) 

Shotguns, rifles and larger barrelled handguns are able to propel the relevant 

projectiles at a much greater velocity, and are able to infer a greater degree of force 

that is transferred to the tissues.(12, 17, 46) Greater comminution is seen in fractures 

attributed to these weapons. (53, 55, 59) Similarly, there is significant injury to the 

surrounding soft tissues, which are often the more concerning injuries to the 

extremities.(53) 



6 | P a g e  
 

Joint injuries are very common sites to find the bullet either as fragments or in entirety. 

These projectile remnants may cause injury in one of two ways, the first being 

mechanical trauma to the joint itself during motion causing damage to the cartilage, 

functional limitation in motion of the joint and discomfort for the patient, and the second 

being lead toxicity which may cause a local synovitis (59, 60) or systemic effect on 

cardiovascular, neurological, musculoskeletal and reproductive symptoms.(61)  

Neurovascular injury is of utmost importance as it may determine the prognosis of the 

limb following injury. Hahn et al. found the most common physical signs of arterial injury 

to be diminished or absent pulses and pulsatile bleeding.(62) The literature also denotes 

other signs such as ischaemic pain, pallor, cold extremity, an expanding haematoma 

or a bruit which have been described as “hard” signs.(18, 63-68) “Soft” signs of vascular 

injury include history of haemorrhage, unexplained hypotension, a small stable 

haematoma, nerve injury, and proximity of the wound to major vascular structures.(18) 

Pulses however may be misleading as it may be normal in 20% of cases where lesions 

are observed on angiography.(63) A variety of nerve injuries may also result from a 

gunshot. There is a high incidence of concomitant nerve injuries with vascular injuries. 

Sitzmann et al. found this particularly more common in the upper limb, with a rate of 

50%.(18, 69) Commonly the concussion zone of the injury may cause neuropraxic injury 

to the nerve which, in many cases, has a good chance of recovering spontaneously. 

(18, 70, 71) 

1.4 Classification 

Fractures were previously classified according to the Winquist and Hansen 

classification to quantify the degree of comminution.(72) It was found that 93% of low 

velocity gunshot related fractures fell into a grade 3 or grade 4 comminution with the 

remaining 7% falling into the grade 2 classification.(73) GSIs are quite complex and 
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diverse in the local and systemic effect it may have on the patient, hence it has been 

particularly challenging to find an all-encompassing classification that will take into 

account important local and systemic parameters and provide a relative standard for 

the practitioner to prognosticate and treat the patient.  

Long et al. proposed a system that consists of radiographic findings, wounding and 

susceptibility to infection to qualify the severity of injury. Whilst seemingly concise, the 

study only looked at civilian GSIs to the femoral diaphysis and did not take into 

consideration the overall physiological condition of the patient.(74)  

Gustilo and Anderson formulated a classification for open fractures in general which 

over time has been adapted to GSIs, which from the literature, seems to be quite 

deficient as it tends to only give an impression of soft tissue injury and its associated 

infection risk. Low velocity injuries fall into the type 1 or type 2 category depending on 

the size of the wound, and high velocity injuries fall into the type 3 category irrespective 

of wound size.(35, 75)  

Moye-Elizalde et al. from a total of 402 patients found the Gustilo Classification to be 

insufficient in classifying GSIs.(76) Military GSIs have also been classified by the 

International Committee of The Red Cross but many of our civilian injuries do not fall 

accurately into the same nature of injury. (25, 46, 77) In 2003, Gugala and Lindsey 

proposed a holistic classification of GSIs which was statistically validated and 

encapsulates the relevant ballistic and clinical characteristics of a GSI in which they 

reviewed 216 patients. It utilises a scoring system to better qualify and quantify the 

injury as outlined in Table 1.1 below. (35, 75) 
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1.5 Problem Statement 

The paucity of data regarding the effect of these injuries precludes any form of 

guidelines as to how these injuries should be treated. Furthermore, the nature of 

ballistics needs to be evaluated as well as the milieu in which these events occur. 

1.6 Study Aim and Objectives 

Aim: 

As GSIs occur frequently in the South African population, it is important that clinicians 

have an adequate understanding of these injuries, and the nature of the weaponry 

Table 1. 1: Novel civilian gunshot injury classification system proposed by 
Gugala and Lindsey (35) (used with permission) 
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used, to optimise patient care.  Therefore, the aim of this study is to review civilian 

GSIs of the extremities to gain a better understanding of the ballistics involved in our 

population.  

Objectives: 

I. To determine the epidemiology, including prevalence, of GSIs to the Extremities 

at two academic hospitals in Johannesburg. 

II. To better understand the ballistics effect of weapons used in our population of 

patients – including patterns of fracture, soft tissue injury and physiological 

effects in line with the Gugala Classification. 
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2. Methods & Materials 

2.1. Study Design and Setting  

This was an observational study in the form of a retrospective chart review of 

approximately 188 adult patients who presented with GSIs to the extremities at Chris 

Hani Baragwanath Academic Hospital (CHBAH) and Charlotte Maxeke Johannesburg 

Academic Hospital (CMJAH) from 01 July 2016 to 30 September 2018, both of which 

are level one trauma centres. This study adheres to the STROBE guidelines for 

research. Clinical records and patient presentations were scrutinised to extract the 

relevant information regarding the epidemiology. A single investigator (Dr T. Pillay) 

reviewed x-rays and clinical pictures in correlation with clinical records to classify the 

gunshot injuries according to Gugala et al. 

2.2. Participants 

The records of adult patients with gunshot injuries to the extremities that presented to 

trauma casualty were reviewed. Patients’ radiographs were used to analyse fracture 

patterns using printouts or the Picture Archiving and Communication System (PACS). 

Clinical records, as well as patient presentations prepared regularly by the attending 

units within the orthopaedic department in the form of weekly mortality and morbidity 

audits, were used to derive epidemiology as well as injury severity.   

The Gugala classification system was used to quantify and qualify the severity of 

injuries seen in our population. Permission from the author to use the classification 

system and assess its validity in our setting was obtained (see Appendix A). The 

classification system takes into consideration energy transfer, vital structure injury, 

wounding effect, fracture characteristics and contamination of the wound.(35) 
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Patient Inclusion Criteria: 

• Sustained GSIs to the upper and lower extremities 

• Gunshot within 48 hours of presentation  

• 18 years of age and older 

• Polytrauma 

• Gunshot hip including acetabulum 

• Gunshot shoulder including clavicle and scapula  

Patient Exclusion Criteria: 

• Gunshot to the spine and pelvis  

• Patients who were declared dead on arrival 

2.3. Data Collection 

Ethics clearance was obtained via the University of the Witwatersrand’s Human 

Research Ethics Committee (Medical) (clearance certificate: M181022, see Appendix 

B). The relevant clearance was obtained from the CEO of CMJAH and the Medical 

Advisory Committee of CHBAH (see Appendix C and D, respectively). 

Demographic and radiographic data, as well as relevant history and examination 

findings, were captured using the Research Electronic Data Capture (REDCap) 

Software which is password encrypted (an example of the data collection sheet is 

shown in Appendix E). Patients were assigned a unique study number to maintain 

anonymity and confidentiality throughout the study. 

2.4. Data Analysis 

Patient characteristics, clinical findings and classification components were described 

using frequencies and percentages for categorical variables.  Quantile distributional 

diagnostic plots (qnorm) were used to determine whether numeric variables were 
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normally distributed or non-normal. For normally distributed numeric variables, the 

mean and standard deviation were reported. For numeric variables with non-normal 

distributions, the median and interquartile range were used. 

The Cronbach’s alpha coefficient was used to test the internal consistency of the GSI 

classification system among patients with GSIs of the extremities in South Africa. The 

effects of removing individual components from the classification system on the 

Cronbach’s alpha coefficient were explored. We used the Pearson’s correlation 

coefficient to examine pairwise associations between classification components. In 

addition, associations between the size of gun, distance from the gun, serum lactate 

and apposition with specific classification components (namely: energy, wound size 

and percentage comminution) were investigated.  

Fisher’s exact tests were used to compare categorical variables if any one of the cells 

had n<5. Two-sample Wilcoxon rank-sum (Mann-Whitney) tests were used to compare 

medians of numeric variables with energy (which had two categories – low versus high) 

and the Kruskal-Wallis equality-of-populations rank tests were used to compare 

medians of numeric variables with wound size and comminution (which had more than 

two categories). 

All statistical analyses were performed using Stata version 15 (StataCorp Inc. 2017. 

Stata Statistical Software: Release 15. College Station, TX.). 
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3. Results 

3.1 Epidemiology 

We reviewed a total of 232 gunshot injuries in 188 patients. The male-female ratio was 

just under 13.5:1.0. The mean age was 32 years old, ranging from 18 to 74 years, with 

the most prevalent age being 24 years. Ninety-four individuals reported being 

employed, be it temporary or permanent work. Furthermore, 28.7% of the employed 

cohort of individuals were manual labourers, with a high incidence also noted amongst 

shop owners and those in the taxi industry i.e. 13.8 and 11.7 percent, respectively.  

Forty-one (21.8%) patients sustained multiple gunshots of which thirty-six (19.1%) 

patients sustained two GSIs and five (2.7%) patients sustained three GSIs, 

respectively. Of those patients that volunteered information regarding the 

circumstances of the injury, 21% reported that he/she was a victim of crime. 
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Table 3. 1: Demographic and event-related information 

 

 

 Number of 

Patients (N) 

Percentage (%) 

 

Gender   

Male  175 93.09 

Female 13 6.91 

Reported Weapon    

Handgun/”Small” 142 75.53 

Shotgun/Rifle/”Big” 8 4.26 

Unknown 38 20.21 

Estimated Distance from the Gun   

Less than 2m 57 30.32 

2 – 6m  71 37.77 

More than 6m  53 28.18 

Unknown 7 3.72 

Comorbidities   

Nil 163 86.70 

Hypertension 5 2.66 

Diabetes 3 1.60 

TB  

(Previous or Current) 

3 1.60 

Other 13 6.91 
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Regarding the use of substances, 25% of the individuals reported no alcohol use with 

47% denying tobacco use, and 85% denying use of illicit substances. However, it was 

only towards the end of data collection, in September 2018, that the South African 

government gazetted the permitted private use of cannabis. The stark majority of the 

patients afflicted by gunshots (88%) were otherwise medically well, with no 

concomitant comorbidities reported. Only 20 patients reported that they were HIV 

positive and a further 124 patients reported that his/her status was unknown at the time 

of presentation in casualty. Our national policy regarding HIV is that of voluntary 

counselling and testing, any subsequent testing was not reported for the sake of this 

study.  

Monday through Wednesday revealed a fairly constant number of daily patients 

presenting to casualty with gunshot related injuries to the extremities – accumulatively 

below 27% of the total weeks GSIs. The week peaked on Saturdays – which comprised 

just under 25% of the total weeks GSIs (Figure 3.1). With regards to the time of injury, 

most patients reported being shot between 19h00 and 23h00, peaking around 20h00 

(16% of daily GSIs) (Figure 3.2). Patient presentation to the Department of 

Orthopaedic Surgery had two peaks i.e. around 04h00 (8.6%) and a greater peak again 

around 09h00 (9.7%). This resulted in a mean time of patient presentation to the 

Department of Orthopaedic Surgery from the time of injury of 743 minutes (range: 60 

– 3 870 minutes).  
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3.2 The distribution of injury  

There was an even split between right and left sided injuries. The lower limb including 

the hip, was more frequently injured with a ratio comparative to the upper limb of 
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Figure 3. 1: Outline of weekly presentation of patients that sustained GSIs to the 
extremities 

Figure 3. 2: Daily timeline of patients that sustained GSIs to the extremities 



17 | P a g e  
 

1.8:1.0. A total of 28 (12%) gunshots were soft tissue injuries in isolation with 7 (3%) 

of those violating the joints without concomitant fracture, 6 (2.6%) violating the knee 

and 1 (0.4%) violating the hip, respectively. There was a total of 214 gunshot related 

fractures observed (Figure 3.3).   

When evaluating the wound potential, 108 (46.6%) GSIs were reported to be less than 

1 cm in diameter, 114 (49.1%) GSIs greater than 1cm in diameter but less than 10 cm, 

and 10 (4.3%) greater than 10 cm. Contamination was confounded mostly by clothing 

debris as seen in 152 (65.5%) cases with the remainder reported to be relatively free 

of macroscopic contamination. Neurovascular injury was suspected in 29 (12.5%) 

cases of GSIs on clinical examination with 20 (8.6%) presenting with nerve injury and 

9 (3.9%) presenting with suspected vascular injury, respectively.  

Assessment of the 214 fractures revealed a mean shortening of 8 mm (range: 2 – 20 

mm) and mean apposition of 89% (range: 70 – 95%). A total of 145 (67.8%) GSI related 

fractures were found to have no significant angulation, with the remainder revealing a 

mean angulation of 13° (range: 10 - 20°). The majority of long bone fractures affected 

the diaphysis (58.7%) with the remainder affecting the proximal epiphysis/metaphysis 

(19.2%) and distal epiphysis/metaphysis (22.1%), respectively. Sixty (31.9%) patients 

had blood gas mean base excess readings of -2.75 (range: -4.85 – -0.8). 
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Clavicle 
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Figure 3. 3: Gunshot related injury anatomical distribution 
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3.3 Classification Validation  

The following set of data were obtained using the Gugala classification. 

 

Figure 3. 4 : Gugala Classification - Vital Structure 

 

 

Figure 3. 5: Gugala Classification - Wound 
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Figure 3. 6: Gugala Classification - Fracture 

 

 

 

Figure 3. 7: Gugala Classification - Contamination 
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The internal consistency of the classification was assessed using Cronbachs 

coefficient alpha. We found that the classification shows poor consistency as we 

derived a value of 0.3869 when all classification components were included (Table 

3.2).  Removal of components did not yield a higher consistency co-efficient as 

depicted in the table below.  

Table 3. 2: Cronbach Coefficient Alpha 

Classification 
Component  

Sign Item-test 
Correlation 

Item-rest 
Correlation 

Average 
Inter-item 
Correlation 

Alpha after 
deleting the 
row 
component 

Energy (1 = low; 
2 = high) 

+ 0.5327 0.1477 0.0985 0.3533 

Vital Structures  
(0 –3) 

+ 0.5271 0.2002 0.0751 0.2888 

Wound  
(1– 3) 

+ 0.5110 0.1896 0.0945 0.3429 

Fracture a  
(0 = no fracture; 
1= EF; 2 = IF) 

+ 0.4800 0.1337 0.1075 0.3759 

Fracture b  
(1 – 4) 

+ 0.5355 0.2100 0.0902 0.3314 

Contamination 
(1 – 3) 

- 0.4706 0.1461 0.1055 0.3709 

Overall Test 
Scale 

   0.0952 0.3869 

 

 

Intercomponent correlation was derived using the Pearson’s correlation coefficient 

which revealed a significant association between: Energy with Vital Structures as well 

as Intra-articular Fractures; Wound with Vital Structures. The only association that was 

significant for Extra-articular fractures was that of Intra-articular fractures. Wound had 

a negative association with contamination as did Extra-articular fracture with Intra-

articular fracture, the latter for more obvious reasons. The associations are marked in 

bold in Table 3.3 below. 
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Table 3. 3: Pearson's Correlation Coefficient 

 
Component 

 
Pearson’s correlation coefficient (p-value) 
*p-value <0.05 

Energy  Vital 
Structures 

Wound Extra 
articular 
fracture 

Intra 
articular 
fracture 

Contamination 

Energy 1.0000   

 Vital Structures 0.2229 
(0.0007) 
 

  1.0000   

Wound 0.0010 
(0.9884) 
 

   0.1480 
 (0.0261) 

1.0000   

Extra-articular 
fracture 

-0.0709 
(0.2909)  
 

  -0.0296 
  (0.6594) 

0.0335 
(0.6189) 

1.0000   

Intra-articular 
fracture 

0.1360 
(0.0420) 
 

  0.0408 
  (0.5434) 

0.0554 
(0.4104) 

-0.7173 
(<0.0001) 

1.0000   

Contamination 0.0000  
(1.0000)  
 

 -0.0927 
  (0.1640) 

-0.1428 
(0.0323) 

-0.0179 
(0.7900) 

-0.0052 
(0.9389) 

1.0000  

 

We also used the Fisher’s exact test for small sample groups, the two sample Wilcoxon 

rank-sum (Mann-Whitney) test and the Kruskal-Wallis equality-of-populations rank test 

to compare medians. We found, as expected, that shotgun/”big” gun injuries were 

associated with high energy injuries (p<0.001). What is of interest to note is that 

handgun/”small” guns presented with both high and low energy injuries irrespective of 

the patient’s distance from the gun at the time of the shooting.  

4. Discussion 

The objectives of the study were to assess the patients presenting to our level one 

public trauma hospitals with gunshot injuries to the extremities, to understand the 

social backdrop and weaponry used surrounding these events in the hope of possibly 

identifying areas where preventative measures can be enforced and better qualify the 

injury potential of these weapons. Furthermore, we looked to assess validity of a 

comprehensive classification system for civilian gunshots as proposed by Gugala et 
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al. and previously validated by Brito et al. This is one of the largest studies on civilian 

gunshots focused only on extremities to date, many other studies were either 

performed in war zones or included gunshots to the torso. (13, 78-81) Lichte et al. found 

greater mortality in patients with injuries to the torso and head (82) however, more 

recently our compatriots found significant morbidity from extremity gunshots, more 

specifically red flagged upper limb injuries(83) which further emphasises the need to 

better understand these injuries. As found in our study, many of the employed patients 

are manual labourers, therefore the burden to his/her livelihood can be quite 

debilitating and is perhaps something of interest to study in the future. Our 

demographic profile with regards to gender and age was similar to those found by other 

epidemiological studies including the comparative classification validation study by 

Brito et al. (11, 75, 81, 83) The morbidity to the “young healthy patient” caused by injury not 

only places a burden on the patient and healthcare system, but also a significant 

financial burden as proved by Jakoet et al. where the average cost per patient was 

found to be ZAR 37  031 (USD 2 986) with care exceeding ZAR 280 124 (USD 22 591) 

in one case(81), this does not take into consideration the loss to the economy by 

removing that patient from the workforce in order to allow for recovery from the injury. 

With most of the patients in this cohort being free of co-morbidities and now found to 

be afflicted by GSI’s, and subsequently requiring healthcare – a crude postulate would 

argue that perhaps the majority of this cohort wouldn’t otherwise require medical 

services and the better prevention of such injuries would significantly decrease the 

burden. This point would, however, need to be proven in a scientific manner. 

There is a significant correlation with alcohol use and these injuries, stricter control of 

which is perhaps one area to target. The identification of the time of injury is quite 

alarming as there is a significant peak of these injuries around the 20h00 mark, 

perhaps also an area where security should be enforced to a greater degree. The 
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social backdrop regarding occupation is also interesting as there is a significant 

amount of injury in the public taxi industry and amongst those working in small 

community shops, possibly suggesting that security in these industries should be 

improved. We can postulate the reasons for a significant delay to orthopaedic 

presentation which is likely due to our local system of referral which could also explain 

the dual peaks. Unstable or more severely injured patients are often brought straight 

to casualty via ambulance however, patients that are more stable are often taken to 

the local clinics/regional hospitals for initial assessments and thereafter are they only 

referred to our level one centres should specialist care be required. Many clinics only 

operate during normal working hours so those with less severe injury profiles would 

only be referred during the day. There are also challenges of transport for these 

patients due to wide referral drainage areas, the evaluation of both of these 

confounding variables is not within the scope of this study but could be something to 

investigate. Nevertheless, this time to presentation must be improved, as highlighted 

by Engelmann et al., specifically the cohort of “red flagged” upper limb injuries should 

be seen and treated expeditiously.(83)  

The distribution of injury is similar to other epidemiological studies with lower limb 

gunshots being more prevalent than upper limb injuries, however upper limb gunshots 

result in a greater proportion of fractures as opposed to isolated joint or soft tissue 

injuries thus emphasising the need for expedited specialist review in these patients.(13, 

18, 81, 83) GSI’s to hands and feet resulted in multiple fractures from a single GSI owing 

to the relatively small space containing multiple bones, each classified as individual 

fractures according to its merit, thus possibly confounding the overall numbers 

classified under “Extraarticular Fracture” or “Intraarticular Fracture” groups relatively. 

Our rate of nerve injury at 8.6% was much on par with a similar epidemiological study 

in South Africa (81), however we had almost a 60:40 split between upper limb and lower 
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limb which represents a greater lower limb prevalence than that reported in the study 

by Engelmann et al. (83) This finding, coupled with the greater potential for blood loss 

in these lower limb long bone fractures (52% of our cohort)(84), further emphasises the 

need for expeditious care for these extremity injuries. The upper limb gunshot injuries 

are not traditionally explored in our centre as they are mostly ascribed to neuropraxia, 

however based on the findings reported by Pannell et al., it was discovered that those 

patients presenting with clinical palsies in the upper limb, often have lacerations 

intraoperatively, so may warrant surgical repair.(85) Furthermore, we found the blood 

gas parameters to be in keeping with acceptable parameters for early appropriate care. 

(86) The majority of our long bone fractures involving the diaphysis are biomechanically 

favourable for external fixation or intramedullary nailing (9, 19, 44, 87), and with the right 

clinical judgment one may even consider non-operative management (88, 89) – the latter 

may be beneficial in resource constrained environments.  

Much akin to the validation study by Brito et al., (75) the feasibility of the classification 

was determined by the investigators’ ability to complete the classification system 

retrospectively using patient’s information documented in the medical records. A single 

investigator (Dr T. Pillay) collected and reviewed the data. Much of the ballistics data 

were missing and had to be derived circumstantially based on the documented patient 

report from the time of the injury, specifically the size of the gun and distance from 

which the patient recalls being shot. In contrast to the aforementioned validation study, 

we excluded any gunshots to the torso, and therefore also found no visceral content 

contamination. Also, and in contrast, we found a significantly greater number of 

fractures in our cohort i.e. approximately 170 injuries without fracture in their cohort (75) 

compared to only 27 in ours.  Although Brito et al. (75) managed to obtain good internal 

consistency with a Cronbach Alpha coefficient of 0.69, we had poor internal 

consistency, achieving a Cronbach Alpha coefficient of 0.39. The objective is to 
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achieve at least 0.50, with a value closer to 1.00 being optimal, and above 0.70 being 

good. (90-92) Interestingly, when the contamination was eliminated, the Cronbach Alpha 

improved in their study, whilst we found the converse. Our intercomponent correlation 

was also poor comparatively, with only a few components showing a positive 

correlation. Whilst Brito et al. (75) derived a positive correlation between intra- and extra-

articular fractures we derived a negative correlation likely ascribed to our 

understanding of the classification that a fracture cannot be classified as both intra- 

and extra-articular, whilst it seems Gugala et al. suggests that both may be selected in 

a single fracture. (35)  

As expected, the ballistics from the weaponry used seems to be fairly unpredictable as 

evidenced by the lack of consistency when applying the aforementioned principles of 

impact energy to wounding potential and fractures i.e. high energy events produced 

low comminution and high comminution, similarly no correlation with wounding 

potential was established. (24, 40, 41). Despite confirmation of smaller weapons such as 

hand guns – the injury potential to both bone and soft tissues was variable irrespective 

of the range at which the patient was shot although there are multiple variables that 

may alter the ballistics. (9, 45) The fracture potential is also challenging to attribute solely 

to the weapon used as found in our cohort where we had the greatest number of extra-

articular fractures fall into the greater than 75% comminution group, followed by the 

less than 25% comminution group which often were simple fracture patterns, these 

patterns may be confounded or even solely due to a fall following the gunshot or 

perhaps some other blunt trauma during the time of injury. (12, 53, 55-58) 

4.1 Problems and Limitations 

There are several limitations of this study. Firstly, as anticipated, the study design being 

a retrospective review has inherent flaws, one of which was not being able to guide the 
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data being collected, instead medical records were relied upon to gather specific data, 

which in a majority of cases was incomplete specifically appropriate description of the 

wounds i.e. only 121 of the 232 gunshot injuries had sufficient information to classify 

according to Gugala. There were well over 400 gunshot injuries collected however, 

only the 232 included in this study had sufficient data to  be included in this study which 

limited the number of patients to be studied for bolstered statistical significance.   

Furthermore, some patients had to be excluded as the radiographs were not uploaded 

onto the PACS, and we were unable to find any other record of such, which reduced 

patient numbers further. As the primary investigator was not accustomed to regular 

use of the novel classification, there may have been intra-observer error which was not 

measured. Similarly, no inter-observer reliability was established. 

5. Conclusion  

There was an in-depth analysis of the social backdrop from which our patients present, 

which provided insight into guided social investigations going forward to better prevent 

gunshots specifically the times of injury, use of alcohol and association with the taxi 

industry. The unpredictability found in the retrospective analysis of the ballistics effects 

in civilian weapons may also pave the way for a better prospective focused ballistics 

assessment, with measures put into place by the authorities to enforce regulation of 

such weaponry. Whilst the classification system encapsulates a holistic approach to 

civilian gunshots, we found it to be deficient when assessing isolated gunshot injuries 

to the extremities. Further evaluation in a prospective review with inter-observer and 

intra-observer assessment is required to effectively assess the utility of this 

classification system. 
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