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A B S T R A C T   

Introduction and importance: Low voltage electrical injuries (less than 1000 V) can produce enough tetany to cause 
fractures, usually of the upper extremities. Simultaneous bilateral fractures of the femoral neck are an extremely 
rare occurrence. It is even more uncommon for a young healthy male to suffer significant fractures from a low 
voltage injury. 
Case presentation: A 25-year-old male attempted suicide by filling a bathtub with water and getting into it prior to 
dropping a blender into the water. He experienced full body convulsions but remained awake throughout the 
entire event. In the trauma bay his primary complaints were bilateral hip pain and back pain, without neurologic 
deficit. Radiological studies confirmed bilateral sub-capital femur fractures and thoracic vertebral fractures 
(compression fractures of T3, T4, T5, T6, T7, T9, and T11). The patient underwent bilateral open reduction and 
internal fixation (ORIF) of the femurs, while the spine fractures were treated with a thoracic-lumbar-sacral 
orthosis TLSO brace. 
Clinical discussion: Low voltage electrical injury is more likely to lead to fractures in patients with chronic renal 
failure and metabolic conditions such as hypocalcemia, osetomalacia, and osteoporosis. Fractures after low 
voltage electrical injury are extremely uncommon and a high suspicion for these injuries should be maintained 
because if missed there is a high risk of morbidity and mortality. 
Conclusion: We present a rare case of low voltage electrical injury by 120 V from a domestic US power supply, 
amplified by water conduction resulting in bilateral femoral neck fractures and vertebral body fractures.   

1. Background 

Electrical burns have been called the “grand masquerader” because 
even the smallest surface injuries can be associated with devastating 
internal injury including death. Currently in the United States electrical 
injury results in around 1000 deaths per year. Because of the diverse 
presentation, electrical injuries can confuse even the most experienced 
burn/trauma surgeons [1]. In our review of the literature, it was found 
that low voltage (<1000 V) electrical induced fractures are extremely 
rare, with the rarest types of fractures being vertebral and bilateral 
femur fractures. Bilateral fractures of the neck of the femur have been 
reported in 10 cases to date and vertebral body fractures have been 
reported in 2 cases to date [2–11]. The cause of these fractures is violent 
unopposed muscle contraction [12–14]. Femur fractures are rare in a 

young healthy male without high velocity trauma such as a motor 
vehicle collision. Low velocity trauma resulting in femur fractures most 
commonly occur in the elderly who often have osteoporosis or some 
other insult to their musculoskeletal system [15]. We report a rare case 
of bilateral femoral neck fractures and multiple thoracic vertebral body 
fractures due to a low voltage electrical injury amplified by water con
duction. This report aligns with the 2020 Surgical Case Report (SCARE) 
guidelines [16]. 

2. Case report 

A 25-year-old male presented to our emergency department as a 
trauma activation. Initial evaluation began with a report from EMS 
stating that the patient had attempted to commit suicide with a small 
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electrical device (blender) dropped into the bathtub. On arrival his 
primary complaints were bilateral hip pain and significant back pain. He 
denied loss of consciousness and had memory of the event. His primary 
survey was unremarkable and his vital signs were in the normal range. 
He had good range of motion, although with pain, of the bilateral lower 
extremities. The bilateral lower extremities were equal in length and 
exhibited slight external rotation. There were no obvious deformities or 
visible injuries. Adjunctive plain radiographic images were obtained; 
including chest, pelvis and bilateral thighs, which revealed multiple 
thoracic vertebral fractures, (T3 through T9 and T11, and bilateral sub- 
capital femur fractures (Figs. 1, 2, & 3)). The patient's past medical 
history was significant for major depressive disorder and previous sui
cide attempts for which he wasn't receiving any treatment prior to 
presenting at our trauma center. Additional CT images of the thoracic 
vertebral fractures identified compression fractures of 3rd through 9th 
thoracic body and the 11th thoracic body. The most severe compression 
fracture in our patient was at T4 and is shown in Fig. 4. 

Orthopedic surgery was consulted for management of the bilateral 
sub-capital femur fractures. The patient was taken to the operating 
theater the same day and underwent bilateral open reduction and 

internal fixation (ORIF) of the fractures. No complications or abnor
malities were reported during the surgery. 

The neurosurgery spine service determined that the thoracic frac
tures did not require surgical intervention and the treatment plan was a 
thoracic-lumbar-sacral orthosis (TLSO) brace and physical therapy. The 
patient improved over the next week and was cleared for transfer to the 
behavioral health (Psychiatric) unit. After a week in the behavioral 
health unit, the Psychiatry team noted the patient was in good spirits 
without any further suicidal ideation. The patient was discharged to 
home with his parents. He continues to work with the physical therapy 
team. 

3. Discussion 

Low voltage electrical injuries resulting in fractures are extremely 
uncommon. In the current American Burn Association guidelines, it is 
recommended to suspect spinal fractures in high voltage injuries 
(>1000 V). In low voltage electrical injuries (<1000 V), fractures aren't 
mentioned as a consideration with the primary focus of current electrical 
injury management following the ATLS protocol of the trauma 

Fig. 1. Pelvis X-ray completed during primary survey: bilateral subcapital femur fractures 
Arrows are marking the bilateral fractures. 
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Fig. 2. Left femur X-Ray demonstrating the right femoral neck fracture. The arrow is marking the fracture.  
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evaluation, having an emphasis in circulation and cardiac status [1,17]. 
Electrical induced bilateral fractures of the neck of the femur are 

extremely uncommon injuries and vertebral body compression fractures 
are even rarer [18]. In reviewing the literature there is not a prior case of 
a patient reported with simultaneous bilateral fractures of the neck of 
the femur and multiple vertebral body fractures. Taking the types of 
injuries separately in our review of the literature low voltage electrical 
injury inducing simultaneous bilateral fractures of the neck of the femur 
have been reported in 10 cases to date [2–9]. While low voltage elec
trical injury inducing vertebral body fractures in our review of the 
literature have been reported in 2 cases to date with 3 additional cases if 
including vertebral fractures induced by conducted electrical device 
(CED), usually Taser®, that is commonly used by law enforcement of
ficers [10–12,19]. The conducted electrical device that police use is 
commonly stated to operate at 50,000 V. However, only a maximum of 
1200 V are transmitted to the target. The amount transmitted varies 
based on the targets clothing and how well the probes attach. Because of 
this variability it is hard to say whether it is a low voltage electrical 
injury or a high voltage electrical injury in these studies [19]. In 
reviewing these reports of electrical injury induced vertebral fractures, 

the fractures tend to be mechanically stable without long term morbidity 
or neurological sequelae and exhibit high recovery rates with minimal 
long-term disability [20]. 

The likely mechanism of these fractures results from the forceful 
muscle contracture that occurred in the thoracic spine and in the pelvis 
that occur as a result of low-voltage electrically induced injury [11,21]. 
The severity of these injuries is believed to increase with both the in
tensity and duration of the muscle contraction [18]. In support of the 
unopposed muscle contraction leading to fractures in low voltage elec
trical injury, there have been multiple cases of fractures resulting from 
the tetany generated during tonic-clonic seizure as well as electrocon
vulsive therapy [12–14,21]. Overall there is a 1.1% incidence of frac
tures and/or dislocation following seizures with convulsions [22]. 

Given the severity of our patient's injuries, an examination was made 
into possible contributing factors associated with low voltage electrical 
injury and fractures. Our patient was not overtly muscular and was a 
relatively thin young man making extensive musculature contributing to 
his injuries to be unlikely. In the current literature it has been suggested 
that chronic renal failure and metabolic conditions such as hypocalce
mia, osetomalacia, and osteoporosis are risk factors [21,23–25]. Our 

Fig. 3. Right femur X-Ray demonstrating the right femoral neck fracture. The arrow is marking the fracture.  
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patient did not suffer from chronic renal failure and had normal calcium 
levels. However, he did have low levels of serum vitamin D, which is 
associated with osteomalacia and osteoporosis and could have contrib
uted to the grievous nature of the injury [25]. Vitamin D levels are 
currently defined into three categories: sufficiency defined as a 25(OH)D 
concentration greater than 20 ng/mL, insufficiency defined as a 25(OH) 
D concentration of 12 to 20 ng/mL and, deficiency defined as a 25(OH)D 
level less than 12 ng/mL [24]. Our patient was on the low end of vitamin 
D insufficiency with a 25(OH)D concentration of 13.6. The appearance 
of clinical symptoms in the setting of hypovitaminosis D depends on 
severity and duration of the hypovitaminosis [26]. While there have 
been associations of hypovitaminosis D with fractures; the asymptom
atic presentation of our patient's hypovitaminosis and his young age 

limiting duration of the effect of this malnutrition make it unlikely that 
this significantly contributed to his injuries. [27,28] 

A factor that may have significantly increased our patient's risk for 
severe injury with a low voltage electrical injury is the environment of 
the bathtub and the effect of water on the skin. The intensity of an 
electrocution can be increased by wet skin and even by humid envi
ronment alone [29,30]. In general, different types of tissue have 
different levels of resistance: skin and bone are high resistant tissues and 
muscles and blood vessels have low resistance [1]. When skin gets wet it 
drastically lowers the resistance of skin permitting electricity to more 
easily enter the body [1,31]. Given our patient's suicide attempt taking 
place in a bath tub filled with water it is likely that the water could have 
amplified the low voltage electrical injury, thus increasing the likelihood 

Fig. 4. CT sagittal image (Bone Window) of the Thoracic Spine Demonstrating the most significant thoracic spine fracture T4 marked by the red arrow. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

D. Ritchie et al.                                                                                                                                                                                                                                  



International Journal of Surgery Case Reports 84 (2021) 106066

6

of significant injury. 
The presentation of electrical injury can often be deceiving and 

confuse even the most experienced trauma/burn surgeon resulting in a 
delay in diagnosis [1]. The delay of diagnosis of fractures following 
electrical injury is often due to delayed presentation, failure to investi
gate more significant injury, and the difficulty in elucidating a clear 
history from a recently electrocuted patient; this delay in presentation 
can range from days to weeks [10,16,32–34]. 

4. Conclusion 

Fractures after low voltage electrical injury are relatively uncommon 
and often can have a delayed diagnosis days or weeks after the initial 
injury. Current care for traumatic electrical injury is appropriately 
focused on high mortality and morbidity issues and common sequelae of 
the injury are cardiac injury leading to arrhythmias, myonecrosis 
potentially leading to renal failure, and cutaneous burns. However due 
to the high morbidity of a delayed diagnosis in fractures resulting from 
an electrical etiology, appropriate suspicious and clinical evaluation for 
these injuries should be maintained, especially with existed comorbid 
conditions and confounding factors as to the specific etiology of such 
injuries. 
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