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Abstract 

Introduction: Spinal injuries represent the whole of the mechanisms respon-
sible for vertebral, disco-ligamentary and spinal cord injuries. Spinal cord in-
jury is life-threatening and is responsible for functional consequences that 
make the subsequent socio-economic integration of victims difficult. In de-
veloping countries, spinal injuries in traditional gold mining are becoming 
more and more frequent. Purpose: The purpose of this study was to describe 
the anatomopathological aspects and the results of surgical treatment of spin-
al injuries secondary to traditional mine collapses at the University Hospital 
of Kati. Patients and Methods: This was a prospective, descriptive study over 
18 months, from November 2017 to May 2019. Included in this study were 
patients operated on for spinal trauma secondary to rockfall in traditional 
mines. The neurological status was assessed in each patient since admission 
to the department using the Fränkel score. Decompression by laminectomy 
combined with titanium device placement was preferred in lumbar, thoracic 
and thoraco-lumbar surgery. We performed an anterior cervical spine ap-
proach with SENEGAS plate placement in cervical injuries. Motor physiothe-
rapy was associated whenever recovery was not complete. At a minimum 
follow-up of 6 months, all our patients were re-evaluated by the Fränkel 
score. Results: The mean age was 31 years with extremes of 10 and 49 years. 
The majority of patients were men, 95%. Twenty patients underwent sur-
gery. According to the spinal segments, the cervical spine was affected in 05 
cases, the thoracic spine in 08 cases and the lumbar spine in 17 cases. The 
neurological examination revealed tetraplegia (n = 5), paraplegia (n = 12) 
and paraparesis (n = 3). According to the types of lesions, we collected 12 
cases of fractures, 4 cases of fracture-luxations and 04 cases of pure luxations. 
According to the site, the fracture was uni-articular (n = 3), corporal (n = 15) 
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and transverse apophyseal (n = 1). According to the type of line, the fracture 
was simple (n = 6), with compression (n = 11) and comminuted (n = 2). The 
dislocation was anterior in all 08 cases. The spinal cord injuries were concus-
sion (n = 3), contusion (n = 6) and transection (n = 11). Sphincter disorders 
such as leakage or retention of urine were present in all our patients. At a 
minimum follow-up of 6 months, all our patients classified as Fränkel D and 
C had a complete motor recovery. Of the 5 patients classified as Fränkel B, 2 
had complete motor recovery and one had partial recovery. Of 12 patients 
classified as Fränkel A, one patient had partial recovery. Conclusion: The se-
verity of the neurological lesions in spinal injuries due to rockfalls in tradi-
tional gold mining is certain. These traumas are of high velocity and provide 
extensive spinal cord injuries. The dorsolumbar hinge is the most affected 
segment. Fractures of the first lumbar vertebra and the twelfth thoracic ver-
tebra are the most frequent. Settling fractures are by far the most frequent 
fracture types. T12-L1 dislocation is the most frequent. Early osteosynthesis 
by spinal stabilization after reduction improves the Fränkel score. This study 
shows the need for public awareness of the dangers of traditional gold pan-
ning.  
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1. Introduction 

Spinal injuries include vertebral, disco-ligamentary and spinal cord injuries [1]. 
Spinal cord injury is life threatening and is responsible for functional conse-
quences that make the subsequent socio-economic integration of victims diffi-
cult [2]. The young and active population is the most exposed to spinal injuries 
[3]. In France, the incidence of spinal cord injuries is about 2000 cases per year, 
often affecting men, thus generating a real public health impact [4]. Public road 
accidents are the most frequent circumstances for the occurrence of spinal inju-
ries [5] [6] [7]. In developing countries such as Mali, spinal injuries in tradition-
al gold mining are becoming more and more frequent [8]. In Mali, most of the 
studies carried out in the field of traumatic spinal injuries are generally faced with 
therapeutic difficulties [9] [10]. The management of this pathology is multidis-
ciplinary and involves intensive care anesthetists, emergency physicians, surge-
ons and rehabilitation physicians. The aim of this work was to describe the ana-
tomopathological aspects and the results of the surgical treatment of spinal trau-
ma secondary to traditional mine collapses in our department. 

2. Patients and Method 

This study was carried out in the neurosurgery department of the BSS University 
Hospital in Kati. This was a prospective, descriptive study over 18 months, from 
November 2017 to May 2019. Included in this study were patients operated on 
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for spinal trauma secondary to rockfall in traditional mines. Patients with less 
than one year of follow-up and patients lost to follow-up were not included in 
this study. Neurological status was assessed in each patient since admission to 
the ward using Fränkel scores. On arrival at the hospital, there were twelve cases 
of Fränkel A, five cases of Fränkel B, and three cases of Fränkel C. pre- and 
postoperative sensitivomotor function and discharge were specified for each pa-
tient. Decompression by laminectomy combined with titanium device placement 
was preferred in lumbar, thoracic and thoraco-lumbar surgery (Figure 1). We 
performed an anterior cervical spine approach with SENEGAS plate placement 
in cervical injuries. Motor physiotherapy was associated whenever recovery was 
not complete. At a minimum follow-up of 6 months, all our patients were 
re-evaluated by the Fränkel score. The patients’ files were exploited. Data were 
collected on individual survey sheets and then entered and analyzed on Micro-
soft Word 2016 and SPSS version 25 software. 

3. Results 

We collected 120 cases of trauma of the spine for all causes. We recorded 23 cas-
es of trauma related to the collapse of traditional mines, i.e. 19.16% (Figure 2). 
Surgical management concerned 20 patients, i.e. 86.9% of cases. The majority of 
patients were between 20 and 40 years of age (34.8%). The average age was 31 
years with extremes of 10 and 49 years. The majority of patients were male, 95%. 
The clinical examination revealed tetraplegia (n = 5), paraplegia (n = 12) and 
paraparesis (n = 3). The sphincter disorder by urinary retention was present in 
all our patients. According to the spinal segments, the cervical spine was affected 
in 05 cases, the thoracic spine in 08 cases and the lumbar spine in 17 cases. Ac-
cording to the types of lesions, we collected 12 cases of fractures, 04 cases of 
fracture-luxations and 04 cases of pure luxations. The lesions per vertebra are 
summarized in Figure 2. According to the site, the fracture was uni-articular (n 
= 3), corporal (n = 15) and transverse apophyseal (n = 1). According to the type 
of line, the fracture was simple (n = 6), with compression (n = 11) (Figure 3) 
and comminuted (n = 2). The dislocation was anterior in all 08 cases. The spinal 
cord injuries were concussion (n = 3), contusion (n = 6) and transection (n = 
11). Sphincter disorders such as leakage or retention of urine were present in all  
 

  

Figure 1. Placement of stems. 
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Figure 2. Spinal injuries (fractures and dislocations). 
 

    

Figure 3. L1 compression fracture. 
 
our patients. Disturbance of tactile sensitivity was noted in 20 patients, propri-
oceptive sensitivity in 18 patients. Osteo-tendon reflexes were abolished in 12 pa-
tients. Associated lesions were represented by femur fractures (n = 4), leg fracture 
(n = 1), arm fracture (n = 1) and abdominal contusion (n = 1). Postoperative 
complications were pressure sores (n = 5), debrication of the osteosynthesis 
material (n = 2) and death (n = 2). At the minimum 6-month follow-up, the 
Fränkel A score was (n = 10), Fränkel B (n = 2), Fränkel C (n = 1), Fränkel D 
(n = 3) and Fränkel E (n = 4). The distribution of patients according to Fränkel 
score in pre and late postoperative is summarized in Table 1. At the last recoil, 
all our patients classified as Fränkel D and C were able to recover completely. 
Of the 5 patients classified as Fränkel B, 2 had complete recovery and 1 had 
partial recovery. Of the 12 patients classified as Fränkel A, one patient had a 
partial recovery.  

4. Discussion 

Trauma to the spine in traditional gold mining operations is becoming increa-
singly frequent in developing countries [8]. The injuries caused by these traumas  
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Table 1. Distribution of patients according to the Fränkel score pre and postoperative. 

Fränkel Preoperative 
Number 

(n) 
Fränkel Late 
postoperative 

Number 
(n) 

Fränkel A: sensory-motor deficit complete 12 A 10 

Fränkel B: complete motor deficit presence of 
some sensory functions 

5 B 2 

Fränkel C: presence of some motor functions 
motor functions present and unusable 

3 C 1 

Fränkel D: Motor function present 
and usable, walking with assistance 

0 D 3 

Fränkel E: No sensory and sphincter disorders 
sphincter 

0 E 4 

Total 20 Total 20 

 
are diverse, ranging from a simple fracture to a real spinal cord section. These 
traumas almost exclusively concern men. Only one woman was present in our 
sample. A male predominance with a rate of 97% and 100% have been reported 
[11] [12]. The socio-economic consequences of these injuries are enormous, as 
the youngest segment of the population is the most affected. The most affected 
age group in our study was 20 to 40 years. This observation has been made by 
several authors [11] [13]. According to the level of injury, the lumbar spine was 
most frequently affected in our series (56.6%), followed by the thoracic spine 
(26.6%). This high frequency of lumbar and dorsal injuries is explained by the 
position in which the victims were at the time of the trauma. Mangané M et al. 
[14] noted a predominance of back injuries. In traumas of the spine caused by 
traditional gold mining, the severity of neurological lesions has been reported by 
several authors [15] [16]. The majority of our patients (60%) had a Fränkel A 
score where sensitivomotor paralysis was total. The dorsolumbar hinge was the 
most exposed area (53.6%). This is explained by the fact that spinal trauma clas-
sically involves two segments that are more fragile because they are more mobile: 
the dorsolumbar hinge and the cervical-dorsal hinge. Settling fractures were by 
far the most frequent fracture types. This can be explained by the compression 
mechanism of injury, which is frequently seen in traditional mine collapses. We 
noted 11 cases of medullary section, i.e. 55% of cases. All our patients received 
corticosteroid therapy, rehydration with 0.9% saline, low molecular weight he-
parin and analgesics. The effectiveness of corticosteroid therapy in spinal cord 
injury is debatable: beneficial for some [17], ineffective or even harmful for oth-
ers [18]. The approach was posterior in 17 cases (85%) and anterior in 3 cases 
(15%). The anterior approach concerned only the cervical spine. Laminectomy 
combined with titanium rod osteosynthesis for thoracolumbar lesions was per-
formed in 17 cases (85%). Dissectomy followed by arthrodesis and fixation with 
a Senegas-type plate was performed in 3 cases, i.e. 15% of cases. Postoperative 
complications included pressure sores, debriculation of the osteosynthesis ma-
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terial and death. At the end of our study, all our patients classified as Fränkel D 
and C were able to make a full recovery. Of the 5 patients classified as Fränkel B, 
2 recovered fully and 1 partially. Of 12 patients classified as Fränkel A, one pa-
tient recovered partially. Mangané M et al. [8] made the same finding in a simi-
lar study.  

5. Conclusion 

The severity of neurological lesions in spinal injuries due to rockfalls in tradi-
tional gold mining is certain. These traumas are of high velocity and provide ex-
tensive spinal cord injuries. The dorsolumbar hinge is the most affected seg-
ment. Fractures of the first lumbar vertebra and the twelfth thoracic vertebra are 
the most frequent. Settling fractures are by far the most frequent fracture types. 
T12-L1 dislocation is the most frequent. Early osteosynthesis by spinal stabiliza-
tion after reduction improves the Fränkel score. In this study, the need for public 
awareness of the dangers of traditional gold panning and professionalization of 
this informal sector emerged.  
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