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Study Design: Cross sectional study.

Purpose: To characterize the pattern of injury, describe the current clinical management, and determine the outcomes in traumatic
spine injury (TSI) patients presenting to a major government hospital in Phnom Penh, Cambodia.

Overview of Literature: There is a paucity of literature on epidemiology or current clinical practices for TSIs in Cambodia. The find-
ings from this study can thus serve as a valuable resource for future progress in treating TSIs in low-income countries.

Methods: This study was a cross-sectional study of TSI patients admitted to Preah Kossamak Hospital in Phnom Penh, Cambodia.
Demographics, cause of spinal injury, spinal level of injury, surgical procedures and techniques, complications, and American Spinal
Injury Association (ASIA) grades were recorded and analyzed.

Results: Eighty patients were admitted with TSI between October 2013 and June 2014. Falls from heights were the most common
cause of TSI, followed by road traffic accidents. 78% of the admitted patients underwent at least one surgical procedure. Without
intraoperative imaging, 4 patients (6%) had wrong level surgery, and 1 patient (2%) had misplacement of pedicle screws. Sacral de-
cubitus ulcers were the most common non-surgically related complication. Antibiotics were administered to >90% of patients. There
were no in-hospital mortalities. Of the 60 spinal cord injury (SCI) patients, 32% (19/60) showed improvement in their ASIA grade at
the time of discharge, and 52% (31/60) showed no change. At follow-up, 32% (19/60) of SCI patients reported improvement, and 8%
(5/60) reported no change. However, 36 SCI patients (60%) were lost to follow-up.

Conclusions: Despite technological limitations, outcomes of TSI patients in Cambodia appear favorable with evidence of clinical
improvement and low mortality.
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Introduction (SCIs) are serious global public health problems with
significant financial and emotional burdens on the pa-
Traumatic spine injuries (TSIs) and spinal cord injuries tients and their families [1-3]. Although the epidemiology
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of SCIs has been described in several low-and-middle-
income countries (LMICs) such as Pakistan, Nigeria, and
Ethiopia, little is still known about the current state of
clinical management of TSIs and SClIs in these regions of
lower economic status [4-10].

In LMICs, the limited resources that clinicians work
with present a formidable challenge for adhering to the
latest practice guidelines developed in higher-income
countries. Because of the discrepancies between these
guidelines and available resources, there is a need for
clinical data that reflects the socioeconomic conditions
of a region so that practice guidelines can be tailored to
its specific needs and capabilities. In this regard, there is
a paucity of information regarding the epidemiology or
the surgical techniques currently being utilized to treat
TSI and SCI patients in Cambodia. In order to better un-
derstand these, we performed a cross-sectional study at
Preah Kossamak Hospital, a major government hospital in
Phnom Penh, Cambodia. The aims of this study were to:
(1) characterize the epidemiology of TSI patients present-
ing to Preah Kossamak Hospital, (2) elucidate any pattern
of TSIs in relation to causes of trauma, (3) describe the
surgical management of TSIs, and (4) determine out-
comes of the patients. In addition to our study aims, we
believe that our study data can serve as baseline for future
progress in the clinical management of TSI and SCI pa-
tients in LMICs.

Materials and Methods

1. Institutional Review Board approval

This study was approved by the Cambodian National
Ethics Committee for Health Research, Protocol no. 350
NECHR.

2. Data collection

This study was conducted in the Department of Neuro-
surgery at Preah Kossamak Hospital, one of five hospitals
with instrumented spine surgery capabilities in Phnom
Penh, Cambodia. All trauma patients admitted between
October 2013 and June 2014 with radiographically-con-
firmed injuries to the osseous discoligamentous complex
and/or neural components of the spine, with or without
neurological deficit, were included in the study. A custom-
ized template for the collection and storage of patient data

was developed on FileMaker Pro 12.0v5, and the patient
information was collected from paper charts, direct inter-
views with patients and/or their families, and follow-up
phone calls. Information regarding the surgical procedure
and complications were recorded on an on-going basis.

3. Classification of injury and outcome

To identify the most common sites of TSI, the anatomi-
cal levels of all injuries were identified. Injury levels were
categorized as cervical (C1-C7), cervicothoracic (injuries
involving both C7 and T12), thoracic (T1-T12), thoraco-
lumbar (injuries involving both T12 and L1), lumbar (L1-
L5), lumbosacral (injuries involving both L5 and S1), or
sacral (S1-S2). The degree of neurological deficit from SCI
was defined according to the International Neurological
Classification of Spinal Injury using the American Spinal
Injury Association (ASIA) Impairment Scale, which was
recorded at time of admission, discharge, and at follow-up
[11]. Follow-up information was collected via phone calls
1-6 months post-discharge.

4. Surgical procedures

Posterior stabilization and fusion (PSF) of the thoraco-
lumbar spine was achieved using stainless steel Luque rods
and wire (Uma Surgicals, Mumbai, India) for sublaminar
fixation or with titanium pedicle screw fixation sets do-
nated by Medyssey Co. Ltd. (Uijeongbu, Korea) and Solco
Biomedical (Pyeongtaek, Korea) [12]. PSF with pedicle
screw fixation was performed in less severe injuries that
only required three levels of fusion (one level above and
one level below site of injury), whereas Luque rod fixation
was used in more severe injuries that required at least five
levels of fusion (two levels above and two levels below the
level of injury). Retropharyngeal approach in combination
with iliac crest bone graft and stainless steel plates (Uma
Surgicals) was used for anterior cervical diskectomy and
fusion (ACDF) and corpectomy procedures in the cervical
spine. PSF with interspinous wiring in the cervical spine
was performed using stainless steel wires, and the spinous
processes were cut for use as bone graft spacers in cervi-
cal laminoplasty procedures. Localization of spinal level
during surgery was performed primarily using anatomi-
cal landmarks in correlation with preoperative imaging
studies due to absence of any intraoperative imaging e.g.,
C-arm and portable X-rays machines. The attending spine
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surgeons included 3 Cambodian neurosurgeons and 1
American neurosurgeon.

5. Statistical analysis

The two-sided chi-squared test was used to determine as-
sociation between two categorical variables. Significance
was defined as p<0.05. For some of the analyses, patients
with unknown or missing information were excluded.

Results
1. Demographics

During the 9-month period, 80 patients with radiographi-
cally confirmed traumatic spine injury were admitted to
Preah Kossamak Hospital. Of 80 TSI patients, 84% were
male (n=67) and 16% were female (n=13) with a male-to-
female ratio of 5.2:1. The median age of the patients was
32 years with a range of 14 to 70 years. Sixty TSI patients
(75%) had an associated SCI, and 2 TSI patients (3%) had

Table 1. Summary of TSI patient characteristics (no=80)

Characteristics No. (%)
Age group (yr)

0-15 1(1)

16-30 33 (41)

31-45 27 (34)

46-60 13(16)

61-75 6(8)

Mean age (standard deviation) 37(13)

Median age (range) 32 (14-70)
Sex

Male 67 (84)

Female 13(16)
Head injury

Yes 2(3)

No 78(97)
Spinal cord injury

Yes 60 (75)

No 20(25)
Spine surgery

Yes 62 (78)

No 18(22)

TSI, traumatic spine injury.
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a concurrent head injury (Table 1).

2. Cause of injury

The predominant cause of TSI was falls from heights,
accounting for 53% of cases (n=42). The most common
places of falls were trees and houses, accounting for 45%
(n=19) and 24% (n=10) of all fall cases, respectively. Other
elevated points of fall included cars (n=3), ladders (n=1),
buildings (n=1), and construction sites (n=1). The sites of
the fall were not known for 7 fall patients.

The second most common cause of traumatic spine in-
jury was road traffic accidents (RTA), accounting for 29%
of cases (n=23). Seventeen of these cases were motorcycle-
related, while 6 were car-related. Other causes of injury
included impact by falling wood (n=3), animal-related
accidents (n=2), heavy-lifting (n=1), house collapse (n=1),
and machine-related accidents (n=1). The cause of injury
was unknown for 7 patients.

3. Levels of spinal injury

A total of 122 individual levels of spinal injury were re-
corded for 75 patients (Fig. 1). The precise level of injury
was not available for analysis in 5 of our patients. Of 75
patients, 57% (n=43) had more than one spinal level of
injury. Overall, the highest frequency of injury was at L1
(24%; n=29) followed by T12 (12%; n=15) and C5 (11%;
n=14). No injuries were observed at the atlanto-axial
complex of C1 and C2. Seven patients (9%) had thora-
columbar junction injuries involving both T12 and L1,
whereas no patients suffered a cervicothoracic junction
injury involving both C7 and T1. One patient (1%) suf-
fered a lumbosacral junction injury involving both L5 and
SL.

Interestingly, we discovered that the predominant sites
of injury differed between falls, motorcycle accidents,
and car accidents (Table 2). For example, falls were most
often associated with lumbar spine injuries (62%; 26 of 42
fall cases), whereas motorcycle accidents were most often
associated with cervical spine injuries (59%; 10 of 17 mo-
torcycle RTA cases). In car accidents, 33% of the patients
(n=2) suffered cervical spine injuries, 33% (n=2) suffered
lumbar spine injuries, and another 33% (n=2) had injuries
to the thoracic spine or thoracolumbar junction. The dif-
ferences in the overall pattern of injury sites among differ-
ent modes of injury were statistically significant (p=0.03).
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Fig. 1. Histogram analysis of all 122 spinal injury levels in 75 patients.

Table 2. Primary site of spinal injury associated with cause of injury in 80 patients

Region of spinal injury Motorcycle accidents Car accidents Other/unknown mechanisms
Cervical 6(14) 10 (59) 2(33) 4(27)
Cervicothoracic 0 0 0 0

Thoracic 7(17) 4(24) 1(17) 4(27)
Thoracolumbar 3(7) 0 1(17) 3(20)

Lumbar 26 (62) 2(12) 2(33) 3(20)

Lumbosacral 0 1(6) 0 0

Sacral 0 0 0 1(7)

Total (no.) 42 (100) 17 (100) 6(100) 15 (100)

Values are presented as number (%).

4. Presence of spinal cord injury (SCI) and ASIA grading Table 3. ASIA grading and surgical management in 80 TSI patients

Spinal cord injury No. (%)  Surgically treated
The ASIA grading system was used to assess SCIs associ- Complete (ASIA A) 30(39) 25 (63)
ated with TSIs upon admission (Table 3). More than one-
. . . Incomplete (ASIA B, C, or D) 30(38) 21(70)
third of TSI patients (38%; n=30) presented with a com- No SCI 20 (25 16(80)
plete SCI (ASIA A), and an equal number of patients (38%; °
Total (no.) 80 (100) 62 (78)

n=30) presented with an incomplete SCI (ASIA B, C, or D).
Values are presented as number (%).

-fourth of TSI pati 25%; n=20) di h T R ! . ) .
One our.t © _S patients (25% n 0) did not have any TSI, traumatic spine injury; ASIA, American Spinal Injury Association;
neurologic deficits upon presentation. SCI, spinal cord injurie.
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5. Antibiotics use

Antibiotics records were obtained for 60 of the 80 TSI
patients. Of those 60 patients, 54 patients (90%) had
documentation of receiving prophylactic antibiotics. Cef-
triaxone, a third-generation cephalosporin, was used most
frequently, followed by gentamicin, ciprofloxacin, levo-
floxacin, ampicillin, and cefpimizole.

6. Surgical procedures

Collectively, 78% (n=62) of 80 TSI patients were managed
surgically. The surgical rates for complete, incomplete, and
no SCI were 83% (25/30), 70% (21/30), and 80% (16/20),
respectively, and these differences were not statistically
significant (p=0.44).

Including revisions and complication treatments, there
were a total of 75 surgical procedures for 62 patients (Table
4). The most common surgical procedure in our patient
group was PSF with pedicle screw fixation (40%; 30/75)
followed by PSF via Luque rod fixation with sublaminar
wiring (20%; 15/75). One patient with a sacral zone II
fracture involving S1 and S2 (1%) was surgically treated
with laminoforaminotomy and decompression of the
symptomatic nerve root. All surgical procedures on the

Table 4. All spine surgical procedures performed on 62 TSI patients

Surgical procedure No. (%)

Thoracolumbar/sacral

Posterior spinal fusion with pedicle screw fixation 30 (40)
Posterior spinal fusion with Luque rod fixation 15(20)
Laminoforaminotomy 1(1)
Cervical
Anterior cervical diskectomy and fusion with plating 9(12)
Posterior spinal fusion with interspinous wiring 5(7)
Cervical laminoplasty 5(7)
Cervical corpectomy with bone graft 1(1)
Revisions
Revision of pedicle screw placement 3(4)
Revision of Luque rod placement 3(4)

Conversion from pedicle screw to Luque rod fixation 1(1)
Evacuation of postoperative hematoma 1(1)
Incision and drainage of pelvic abscess (1)

Total no. of surgical procedures for spinal injury (no.) 75 (100)

TSI, traumatic spine injury.
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thoracic and lumbar spine and sacrum were posterior ap-
proaches, and the two types of PSF were used to surgically
manage 78% (45/58) of all thoracic, lumbar, and sacral
TSI

The third most common procedure was ACDF with
plating (12%; 9/75), which accounted for 45% (9/20) of
all cervical spine surgeries. Posterior approaches to the
cervical spine included PSF with interspinous wiring (7%;
5/75) and cervical laminoplasty (7%; 5/75), which to-
gether accounted for 50% (10/20) of cervical spine proce-
dures. In addition, 25% (4/16) of cervical surgery patients
underwent both an anterior (ACDEF, n=4) and a posterior
procedure (cervical laminoplasty, n=3; PSF with interspi-
nous wiring, n=1), whereas 38% (6/16) of cervical surgery
patients had only an anterior procedure (ACDE, n=5; cor-
pectomy with bone graft, n=1). Furthermore, 38% (6/16)
of cervical surgery patients underwent only a posterior
procedure consisting of either PSF with interspinous wir-
ing (n=4) or cervical laminoplasty (n=2).

Of the 62 TSI patients who had surgery, 7 patients (11%)
had suboptimal surgical results and required additional
operations, including revision procedures (Table 4). One
patient was converted from a PSF with pedicle screw fixa-
tion to Luque rod fixation with extension of the fusion
levels because the postoperative spine stability achieved
with the initial surgery was deemed inadequate. Overall,
15% (9/62) of surgical patients required a secondary op-
eration.

7. Complications

Table 5. Complications of spine surgery in 62 surgical patients

% Of 62 surgical

Complication No. (%) e
Intraoperative
Wrong level surgery 4(27) 6
Misplacement of pedicle screw 1(7) 2
Incidental durotomy (cervical) 1(7) 2
Postoperative
Sacral decubitus ulcer 5(33) 8
Superficial wound infection 1(7) 2
Superficial wound dehiscence 1(7) 2
Pelvic abscess 1(7) 2
Symptomatic hematoma 1(7) 2
Total (no.) 15(100) 24
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Table 5 shows that the overall complication rate for the
62 patients who underwent surgery was 24% (n=15). The
most common intraoperative complication was wrong
level surgery (6%; 4/62), which were all within the lumbar
spine. The most common postoperative complication was
sacral decubitus ulcer (8%; 5/62). There were no clini-
cally evident cases of deep venous thrombosis, pulmonary
embolism, myocardial infarction, intestinal obstruction,
pneumonia, or sepsis. Although Foley urinary catheters
were used, urine samples were not routinely tested or cul-
tured to diagnose urinary tract infections.

8. Outcome

The length of hospital stay was recorded for 55 of 80 TSI
patients (69%). Their mean length of hospitalization was
18 days (standard deviation=15). The median was 16 days
with a range of 0 to 108 days. Stratification into 5-day pe-
riods showed that the largest group of TSI patients (38%;
21/55) stayed in the hospital between 16 to 20 days (Fig. 2).

Overall, no mortalities or worsening neurologic func-
tion was observed during hospitalization for all 80 TSI
patients. Moreover, no mortalities were reported during
1-6-month follow-up phone calls for those patients who
could be reached.

Initially, 60 of 80 TSI patients had shown signs of neuro-
logic dysfunction at presentation (ASIA grades A-D). Of
these 60 SCI patients, ASIA grade was recorded for 83%
(n=50) at the time of discharge. 38% (19/50) of patients
showed improved ASIA grades by the time of discharge,
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Fig. 2. Length of hospital stay in 55 TSI patients. Mean, 18 days;
standard deviation, 15; median, 16; range, 0—108. TSI, traumatic spine
injury.

while 62% (31/50) patients had no change in their ASIA
grades. Follow-up with telephone at 1-6 months after
discharge revealed further improvements in neurologic
function for some patients, with only one patient worsen-
ing after discharge. Unfortunately, a complete analysis was
difficult due to a high number of patients who were lost-
to-follow-up (Table 6).

Discussion

We present here the first description of the epidemiology
and the current clinical management of TSIs in Cambo-
dia. Although our sampling is limited to 80 patients, the
histogram analysis of thoracolumbar spinal injury levels
in our patients resembles that of Magerl et al. [13], in
which the thoracolumbar injury patterns of 1,445 patients
were analyzed. Overall, the thoracolumbar junction was
shown to be the most vulnerable site of injury in our
analysis. Stratification by causes of injury showed that falls
were most often associated with lumbar spine injuries,
whereas motorcycle accidents were most often associated
with cervical spine injuries. Within the cervical spine, C5
was the most vulnerable site of injury followed by C4 and
C6. No injuries were observed at C1, C2, T1, and T2.

The SCI status (complete, incomplete, or no SCI) did
not determine whether a patient was treated surgically or
conservatively. The surgical treatment for complete SCI
is controversial. Although many spine surgeons advo-
cate early fusion of patients with complete SCI to enable
maximal participation in physical rehabilitation, Shamim
et al. [9] showed that in Pakistan, complete SCI patients
who had surgery took longer time to go to rehabilitation,
had higher rates of complications, and had longer hospital
stays. Based on their findings, the authors recommended
surgery for complete SCI patients only if their rehabilita-
tion was impeded by pain or deformity. Continuing stud-
ies monitoring the clinical progression of SCI patients in
rehabilitation programs who did and did not have surgery
would reveal more accurate information about whether
surgery should be performed readily on patients with
complete SCI. At the of this study, we recognized that
there was a paucity of inpatient rehabilitation programs in
Cambodia, which would make such monitoring difficult.

Due to familiarity and simplicity of posterior ap-
proaches as well as lack of anterior instrumentation, all
thoracolumbar cases were performed through a posterior
approach. Although PSF with pedicle screw fixation was
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Table 6. Outcome based on ASIA grading scale in 80 TSI patients

ASIA grade on admission

Discharge

Asian Spine ] 2017;11(6):908-916

Follow-up at 1-6 mo

A (no.=30) A

B (no.=9) A

D
E
Unknown
C(no.=12) A
B
C
D
E
Unknown
D (no.=9) A
B
C
D
E
Unknown
E (no.=20) A
B
C
D
E
Unknown

21(70) A 5(17)
5(17) B 3(10)
1(3) C 4(13)
1(3) D 103)

0 E 0
2(7) Unknown 17 (57)
0 A 0

4 (44) B 0

4(44) C (1)
0 D 1(11)
0 E 2(22)

1(11) Unknown 5 (56)
0 A 0
0 B 0

2(17) C 0
5(42) D 1(8)
1(8) E 2(17)
4(33) Unknown 9(75)

0 A 0
0 B 0
0 C 0

4 (44) D 0
2(22) E 4(44)
3(33) Unknown 5 (56)

0 A 0
0 B 0
0 C 0
0 D 0

16 (80) E 11(55)

4(20) Unknown 9 (45)

ASIA, American Spinal Injury Association; TSI, traumatic spine injury.

the treatment of choice for most injuries, the availabil-
ity of pedicle screw sets were limited and therefore were
used judiciously. In more severe injuries that required
5 or more levels of fusion, the Luque rod fixation with
sublaminar wiring was employed [12]. Luque rod instru-
mentation is an older PSF technique that has gone out of
fashion in developed countries. However, because a Luque
rod can be purchased for $15 (USD) in Cambodia, it is an
attractive and cost-effective means for treating severe spi-
nal injuries. Its multipoint fixation gives the Luque system
high rigidity and strength. However, operating times are

longer, and the stainless steel Luque rod and sublaminar
can make interpretation of MRI scans more difficult due
to artifacts. In the cervical spine, PSF with interspinous
wiring was also a highly cost-effective technique that was
used since lateral mass fixation sets were not available.
Rationale for choosing spinal implants in resource-limited
setting has been described in more detail elsewhere [14].
Excluding sacral decubitus ulcers, the overall surgically-
related complication rate was 16% (10/62), of which
wrong level surgery was the most common complication
(6%; 4/62). This finding emphasizes the value of a C-arm
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and intraoperative plain film X-rays in reducing wrong
level surgeries. On a cultural note, while institutional poli-
cies in high-income countries tend to view wrong level
surgeries as sentinel events, both the Cambodian neuro-
surgeons and the patients viewed the errors as an accept-
able risk to the surgery, especially in light of the limited
resources with which they worked [15,16].

Although five sacral decubitus ulcers were recorded
(all surgical patients), we believe that lower grade sacral
decubitus ulcers were not documented. Therefore, the 8%
sacral decubitus ulcer rate is likely an underestimate of its
overall occurrence. In Cambodia, family members often
stay with the patient during the hospitalization and per-
form much of the nursing care. Although some families
provided water filled padding for the patients, the hospital
beds were very firm, making SCI patients susceptible to
developing pressure sores. Furthermore, physical reha-
bilitation was almost nonexistent. With this realization,
efforts were directed at educating family members of SCI
patients about prevention of sacral decubitus ulcers and
importance of rehabilitation activities.

Interestingly, there were no clinically evident cases of
deep venous thrombosis, pulmonary embolism, myocar-
dial infarction, intestinal obstruction/ileus, pneumonia,
or urinary tract infection during the hospitalization of our
patients. However, subclinical forms of these complica-
tions cannot be ruled out since these conditions were not
routinely screened. Furthermore, our infection rates were
unexpectedly low (2%), and it is uncertain whether the
generous use of prophylactic antibiotics may have contrib-
uted to this phenomenon. As a cautionary measure, the
nurses performed meticulous wound care with daily be-
tadine washes until sutures were removed. Besides antibi-
otic use, the lack of central line use may have contributed
to reducing infection and sepsis rates.

The average length of hospital stay (18 days) represented
the usual time required for complete wound healing and
suture removal, which were prerequisites for discharge.
Although in-hospital mortality rates of 9.3%-17.5% have
been reported among SCI patients in Pakistan and Nige-
ria mostly due to infectious or thromboembolic events,
none of our patients died during hospitalization [5,6,9].
The reason for this is not clear. It is conceivable that the
patients in our study were self-selected; given that only
10% of our patients were admitted within 4 hours of their
injury, it is likely that patients with severe injury had died
before reaching the hospital. A study in India, Lalwani

et al. [17] found that 11.7% of the mortality among their
TSI patients occurred on route or in less than 3 hours of
admission to the hospital. Preadmission deaths may also
explain why we did not observe any injuries at the atlanto-
axial complex, which can compromise the brainstem lead-
ing to cardiorespiratory demise. Furthermore, given that
56% (45/80) of our patients were lost to follow-up, it is
possible that some of our patients may have died follow-
ing discharge; a study in Ethiopia with 23 month average
follow-up revealed that 17% of patients who underwent
surgery for spine fractures died, all after discharge [4]. Ef-
forts to improve patient follow-up through family mem-
bers may help clarify this concern in the future.

Despite the poor follow-up, the short-term as well as
the mid-term outcomes (at 1-6 months) were encourag-
ing. Improvements were seen in patients admitted with
all grades of SCI even though the average delay to surgery
was 5 days. Historically, the timing of decompressive sur-
gery following TSI has been controversial with some re-
views recommending consideration of early intervention
8 to 24 hours following acute TSI [13,14,18].

Conclusions

Despite significant limitations in medical resources, spine
surgery in Cambodia appears promising with reasonable
complication rates, no in-hospital mortality, and trends of
clinical improvement. The overall surgical rate for TSI pa-
tients was 78% with no significant difference between the
surgical rates of complete, incomplete, and non-SCI pa-
tients. Prophylactic antibiotics were used generously, and
it is uncertain if antibiotic resistance is becoming a prob-
lem. Establishment of physical rehabilitation programs is
needed to maximize functional outcomes and minimize
secondary complications, and efforts should be made to
improve follow-up of TSI patients.
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