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Abstract: Orthopedic injuries commonly affect children during earthquakes, but reports
about them are rare. This setting may lead to different standards of care, but guidelines are
still missing in this field. A systematic review was performed to: (1) assess type and body
distribution of pediatric earthquake-related injuries, treatment performed, length of stay,
and complications; and (2) identify starting points to define standards of care.

PubMed database was researched for papers (1999-2014 period) in agreement with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Statement. Inclusion criteria were: English, French, Spanish, or Italian language and
data reported about orthopedic lesions in children (<18 years old). Reviews, letters,
commentaries, editorials, and single case reports were excluded. Two independent
reviewers selected articles after abstract and full-text reading.

Traumatic injuries caused child hospital admissions ranging from 46.9% to 100.0%; 16%
to 53% suffered fractures. Lower limbs mostly were involved. Soft-tissue injuries affected
55% of patients. Debridement and external fixation (EF) were the most frequent surgical
treatments. Amputation rates varied from 5% to 11%.

This study revealed that field hospitals should be prepared to: (1) treat mainly lower
extremities fractures in children; and (2) use especially EF techniques. The presence of
orthopedic surgeons familiar with pediatric traumatology should be considered.

Morelli I, Sabbadini MG, Bortolin M. Orthopedic injuries and their treatment in children
during earthquakes: a systematic review. Prehosp Disaster Med. 2015;30(5):478-485.

Introduction

Children are one of the most vulnerable populations in disasters." Focusing on earthquakes,
it is established that the rates of death and injuries are different in age subgroups. Child
injuries are more severe, therefore causing higher mortality. It is well-established that the
optimal treatment of fractures in children sometimes differs from the adult standard of
care.?? Nevertheless, very few articles have been published about orthopedic injuries and
their treatment in children during earthquakes. In a typical disaster context, the imbalance
between hospital overcrowding and inadequate resources may lead to lower standards of
care. Compared to an ordinary emergency unit setting, the access to diagnostic tests or
operating rooms (ORs) is often delayed for non-life-threatening conditions, even if severe.
Moreover, easier and faster surgical techniques may be preferred to traditional ones. In spite
of these differences, guidelines about pediatric traumatology during earthquake disasters
are still missing.

Report

Materials and Methods

In agreement with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement (Figure 1), a systematic review of the medical literature
was carried out. PubMed database (National Center for Biotechnology Information;
Bethesda, Maryland USA) was researched from 1999 until the end of 2014 using the
key words “earthquake orthopedic,” “earthquake limb,” “earthquake hand,” “earthquake
toot,” “earthquake spine,” and “earthquake pelvic.” After excluding the duplicates, two
independent reviewers screened the identified articles for inclusions following the review of
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Figure 1. PRISMA Flow Chart.
Abbreviation: PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.

the abstracts. In case of disagreement, uncertain articles had been
read in full to assess their relevance to the study. Eventually
selected papers underwent a full-text reading in order for them to
be included in the qualitative and quantitative synthesis. Data were
collected into an Excel database (Microsoft Office for Mac 2011,
Microsoft Corporation; Redmond, Washington USA). Original
articles written in English, Italian, Spanish, or French reporting
data about orthopedic injuries and their treatment in children
(<18 years old) during earthquakes were selected. Studies report-
ing injuries in both children and adults were included, as long as
pediatric data could be easily identified. Single case reports,
reviews, editorials, commentaries, and letters were not included.
Articles written in other languages or dealing with a single type of
injury or surgical procedure were also excluded. The study aimed
to evaluate the incidence of orthopedic earthquake-related injuries
in children: clinical features (fractures, dislocations, and/or soft-
tissue damages) and body distribution of traumatic injuries,
treatment performed (conservative or surgical and type of surgical
procedures), length of stay, and possible complications. Another
objective was the identification of starting points to define the
standard of care for this population during earthquakes.

Incidence and treatment of traumatic injuries occurring in
districts having no orthopedic relevance (ie, head, thorax or
abdominal traumas, and spinal cord lesions) lie outside of the
study aim and were not considered.

Ethical Approval/Informed Consent

This report does not contain any studies with human participants
performed by any of the authors. For this type of study, informed
consent was not required.

Results

Two hundred and eighty-six papers were identified and screened.
Ten were included in the quantitative analysis (Table 1). The
percentage of children reaching field hospitals for a traumatic
injury varied from 46.9% to 100.0% of the total pediatric
admissions (Table 2).>71%1 The percentage of trauma-admitted
patients suffering from fractures varied from 16% to 86%
(Table 2).8 Only three papers reported open fracture rate,
counting up to 11%, 33%, and 52% of total fractures (Table 3).>0?
The open/closed fracture ratio differed in the reports, from 0.13 up
to 1.09 (Table 3).>%° Fractures involved lower extremities much
more frequently than upper ones (from 54% to 83%, with a lower/
upper limb ratio up to 4.73; Table 4).21°Tn one study, all fractures
were in lower limbs.” Severe skin and soft-tissue injuries included
crush injuries, burns, deep wounds, limb peripheral nerve or
vascular lesions, muscular ruptures, and intramuscular hematomas.
Children receiving these injuries ranged from 3% to 87% of the
pediatric population admitted for trauma (Table 5 ).78 Only four
studies dealt with dislocations.”®'®!* These injuries affected
2% to 50% of trauma-admitted patients (Table 5).%'° However,
neither their distribution nor their features were often specified.
For instance, it was not detailed as to whether dislocations
involved major or minor joints, as shoulder or interphalangeal
joints, respectively. The exact ratios between surgical and con-
servative treatments were impossible to calculate. In fact, some
studies reported the amount of surgical procedures performed,
others recounted the number of surgical patients, possibly under-
going different procedures. This consideration barely has been
confirmed by the “surgery-per-patient” ratio, equal to 1.6 and 2.4
in the only two studies from which this element was estimable
(Table 6).>'* Notwithstanding, these data are poorly comparable
and few studies expanded upon them: the number of surgical
patients appeared to be superior to the amount of conservative
treatments performed in two reports out of three (Table 6).7%3
Beyond debridement, the most common surgical procedures were
external fixations (EFs) and amputations (Table 7).>01L14 The
amputation rate varied from 5% to 11% of children treated for a
traumatic inf'ury and from 4% to 14% of surgical patients
(Table 7).>%11 Indications for amputation included: non-viable
limb or gangrene; severe infection or uncontrollable sepsis;
extended bony and soft-tissue loss (ie, after crush injuries); and
crush syndromes after a failed fasciotomy.s’é’7’13 The average
length of stay in hospitals varied from 1.4 days to 10.7 days
(Table 7).>%11 Table 8 reports the differences between children
and adults concerning miscellaneous variables analyzed by each
study.

Discussion

These results suggest that children, as expected, often report
fractures or other injuries of orthopedic relevance after an earth-
quake. Even so, today there are still no clear guidelines regarding
treatments for children with orthopedic issues during earthquakes.
If confirmed, the greater prevalence of lower extremity fractures
tound in this study is likely to influence the triage. During a
disaster triage, in fact, a patient’s inability to walk conditions the
emergency category to be selected.’® The great majority of lower
limb injuries reduces the number of walking wounded and
increases the number of children to be seen in urgency. This
earthquake-related injury pattern differs significantly from everyday
practice. Fractures in the upper limbs (especially radial, humeral,
and clavicular fractures) are usually the most common in children.'

October 2015

https://doi.org/10.1017/51049023X15004951 Published online by Cambridge University Press

Prehospital and Disaster Medicine


https://doi.org/10.1017/S1049023X15004951

480 Pediatric Traumatology during Earthquakes
Days of Activity

Reference Earthquake Richter Center Type Reported Organization

Bar-On et al® Haiti 7 Field Hospital (4 ORs) January 16-26, 2010 Israel Defense Forces
Tuesday Medical Corps
January 12,2010
4:53 PM

Gamulin et al® Haiti 7 Field Hospital January 17-February 28, Swiss Confederation
Tuesday 20102
January 12,2010
4:53 PM

Walk et al'2 Haiti 7 Hospital Ship (12 ORs) | January 19- February 27, | United States Naval Ship
Tuesday 2010 Comfort
January 12,2010
4:53 PM

Farfel et al'’! Haiti 7 Field Hospital January 16-26, 2010 Israeli Defense Forces
Tuesday Medical Corps
January 12, 2010
4:53 PM

Zhao et al™* Sichuan 8 Field Hospital May 13-22, 2008 Third Military Medical
Monday University (Chongging,
May 12, 2008 China)
2:28 PM

Xiang et al® Sichuan 8 Major Pediatric Surgical | May 12-31, 2008 West China Hospital
Monday Center (Sichuan, China)
May 12, 2008
2:28 PM

Sabzehchian Bam 6.5 Three Tertiary- level December 26, 2003- “Imam Hossein,” “Milad,”

etal'® Friday Referral Hospitals January 2, 2004 and “Bagjiyatallah”

December 26, 2003 Hospitals (Tehran, Iran)
5:26 AM

Jain et al'® Guijarat 7.9 Field Hospital February 1-28, 2001 International Red Cross
Friday
January 26, 2001
8:46 AM

Sarizésen et al” Marmara 7.4 Hospital August 17-19, 1999 Uludag University Medical
Tuesday School (Bursa, Turkey)
August 17, 1999
3:01 AM

Lietal® Yushu 71 Hospital April 14-21, 2010 Xining City Hospital
Wednesday (China)
April 14,2010
7:49 AM

Morelli © 2015 Prehospital and Disaster Medicine

Table 1. Summary of the Studies Included in the Systematic Review

Abbreviation: OR, operating room.

*The data analyzed in this review refer only to the early period (January 17-26). The paper reports scarce data concerning the late period.

The predominance of lower limb fractures during earthquakes
likely are due to different injury mechanisms as opposed to
everyday life (ie, impact against collapsing walls versus fall onto an
outstretched hand). Unfortunately, the data about the number of
exposed fractures have only been found in three articles.”®° Open
fractures are reported as more common than closed ones in only
one of these papers.® Nevertheless, the open fracture rate is higher
than the 2.9% in the common practice.'® This may be due to the
different mechanisms of injury (ie, violent impact against falling
debris). Moreover, the Gustilo and Anderson classification is
never referred to.'” The use of this classification is encouraged in

order to show the reader a more precise portrait of fracture gravity
and infectious risk. Further studies are needed to verify these
important elements. If confirmed, field hospitals should be
enriched with a larger amount of external fixators. To this end, it is
important to underline that EF is the most common surgery
performed in these reports. Contrary to open reduction internal
fixation, EF has evident advantages in an earthquake disaster
scenario. Firstly, EF is the recommended treatment for Gustilo
ITIB and IIIC fractures.'® In a recent Médecins Sans Frontiéres
(Geneva, Switzerland) report, use of EF lowered the amputation
rate among open fractures, increasing the limb salvage rate."
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TRAUMA Fractures
ARTICLE Earthquake Age Patients Treated Patients % N %°
Bar-On etal ® Haiti 2010 0-18 409 192 46.9 89 46.35
Gamulin et al ® Haiti 2010 - 147 130 88.0 920 69.23
Walk et al 2 Haiti 2010 0-16 237 - - 134 -
Farfel etal Haiti 2010 0-16 272 155 57.0 48 30.97
Zhaoetal ' Sichuan 2008 - 192 192 100.0 106 55.21
Xiang et al Sichuan 2008 - 119 119 100.0 102 85.71
Sabzehchian et al'® Bam 2003 0-16 119 119 100.0 63 52.94
Jainetal ® Guijarat 2001 0-17 300 - - - -
Sarizosen et al 7 Marmara 1999 0-16 51 31 61.0 5 16.13
Lietal®P Yushu 2010 0-13 35 35 100.0 35 100.00
Morelli © 2015 Prehospital and Disaster Medicine
Table 2. Patients, Trauma Patients, and Fractures
*Percent of trauma patients.
®This article exclusively reported data about trauma-admitted patients with fractures.
FRACTURES Closed Open
ARTICLE N N % N % Open/Closed Ratio
Bar-On et al 89 60 67.42 29 32.58 0.48
Gamulin et al 90 43 47.78 47 52.22 1.09
Lietal® 35 31 88.57 4 11.43 0.13
Morelli © 2015 Prehospital and Disaster Medicine
Table 3. Open vs Closed Fractures
Fractures Upper Limb Lower Limb
ARTICLE N N % N % Lower/Upper Ratio
Bar-On etal ® 89 17 19.10 64 71.91 3.76
Xiang et al 102 26 25.49 60 58.82 2.31
Sabzehchian et al'® 63 11 17.46 52 82.54 4.73
Sarizosen et al 7 5 0 0.0 5 100.0 -2
Lietal® 35 10 28.57 19 54.29 1.9

Table 4. Fracture Distribution: Upper vs Lower Limb

Morelli © 2015 Prehospital and Disaster Medicine

*This article specifies data about lower limbs fracture only, and it is not relevant for upper vs lower limb fracture distribution computation.

Moreover, the typical hospital overcrowding caused by a disaster
may benefit from shorter surgical times, leading to a more efficient
“surgical treatment capacity.”** A Damage Control Orthopedics
strategy (similar to the one used for multiple trauma patients) may
be safer than Early Total Care for these potentially complicated

patients.”” Sepsis, hemorrhage (due to traumatic major amputations or
vessel injuries), gangrene, compartmental syndrome, crush syndrome,
and nerve injuries are described as possible complications.

Such a diverse amputation rate stresses how referring to
guidelines is important to establish when this surgery should
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INJURIES
Skin & Soft Tissue + Crush Injuries Dislocations
ARTICLE Trauma Patients N %° N %°
Bar-On et al ® 192 30 15.63 5 2.60
Gamulin et al © 130 80 61.54 - -
Walk et al 2 - 29 - - -
Farfel etal ' 155 118 76.13 5 3.23
Zhaoetal ™ 192 85 44.27 - -
Xiang et al 119 4 3.36 2 1.68
Sabzehchian et al '° 119 158 - 60 50.42
Jainetal '® - 15 - - -
Sarizosen et al 7 31 27 87.10 - -

Table 5. Skin, Soft Tissue, Crush Injuries, and Dislocations

*Percent of trauma patients.

Morelli © 2015 Prehospital and Disaster Medicine

TREATMENT

Conservative Treatment Surgical Patients Surgical Procedures
ARTICLE N %2 N %2 N Ratio °
Bar-On et al ® 107 56.0 85 44.00 - -
Gamulin et al © 84 65.0 134 - 214 1.6
Walk et al 2 - - 103 - 243 2.4
Farfel etal - - 57 36.77 - -
Zhao etal ™ - - - - 221 -
Xiang et al 47 39.5 - - 84 -
Sabzehchian et al ° - - - - 52 -
Jainetal '® 14 - 62 - - -
Sarizosen et al ” - - 22 70.97 - -

Table 6. Conservative vs Surgical Treatment

*Percentage of trauma patients.
b Surgeries per patient.

be recommended.”’ Considering the majority of disasters
affect low- and middle-income countries, after-amputation care
is often missing in these settings.** If there are no resources to
face its physical and social complications (phantom limb pain,
inability to work, and marginalization), an amputation may
be a condemnation. Amputation should be the last resort,
particularly when an adequate after-amputation care may not be
guaranteed.

Morelli © 2015 Prehospital and Disaster Medicine

Few papers reported dislocations incidence; these appear less
frequent than fractures. Scattered idle information has been found
about pelvic and spinal fractures.

Miscellaneous  comparisons (trauma admissions, injury
patterns, surgeries, and others) were made between children
and adults groups by six studies, with contrasting results
(Table 8).>”"127* Nevertheless, o;)en fractures seem to be more
frequent in children than adults. A possible reason is that
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Surgical Treatment
EF Debridement Amputations Length of Stay
ARTICLE N %° N % N %° %° Days
Bar-On et al® 15 18 32 38 g°d 11 5.00 1.4
Gamulin et al® 3 2 94 70 6ode 4 5.00 -
Walk et al'® - - - - 10f 10 - 5.1
Farfel et al'’ 9 16 11 20 8f 14 5.16 1.4
Zhaoetal™ 85 - 115 - 21 - 11.00 -
Xiang et al® - - - - - - - _
Sabzehchian et al'® - - - - - - - 10.7
Jain et al'® - - - - 1¢ 1.61 - -
Sarizosen et al” - - - - 39 13.64 9.68 -

Table 7. Surgeries Performed and Length of Stay
Abbreviation: EF, external fixation.
Percentage of surgical patients.
Percentage of trauma patients.
Indrcatrons for amputations: non-viable limb.
4 Indications for amputations: uncontrollable sepsis/severe infection.

Morelli © 2015 Prehospital and Disaster Medicine

¢Indications for amputations: crush injury with extended bone and soft-tissue loss.

fIndications for amputations: unknown.
& Indications for amputations: crush syndrome (after fasciotomy).

children have less soft tissues than adults surrounding bones (and
therefore less to protect them against strong impacts). Seemingly,
children are shghtly more prone to lower limb fractures compared
to adults.”’ In one study, the femur was the most commonly
fractured bone in children (P = .054)." Because all the earth-
quakes analyzed happened on weekdays, a possible reason may be
found in the different daily activities for children and adults. For
example, children are likely to sit at school during daily earth-
quakes, exposing their femoral diaphysis to falling debris. During
the same earthquake, however, adults may sit or stand, depending
on their job. Further studies are needed to confirm and explain
these different results.

Limitations

Several limitations emerged from the analysis, affecting this review
and making a meta-analysis impossible. First of all, when writing a
review about a disaster, coping with non-standardized reports is a
must. Several authors may report the information they subjectively
consider useful. As a consequence, the level of evidence within
these kinds of reviews may serve as inadequate. The definition of
the pediatric age (for some authors extended from birth to 16 years
of age, for others up to 18 years) varied within the reports. It was
difficult to find an accurate percentage of pediatric patients out of
all the earthquake victims. There was not a clearly defined timing
of the health care activities described, without distinction between
the early and late periods of the disaster. One study made this
distinction, but reported epidemiological details concerning the
early period only.® Reports often neglected to declare the type of
center (secondary/tertiary referral center) in which procedures took

place. Therefore, correlations between injury type or treatment
and disaster period or hospital type were impossible to estimate. It
is important to emphasize the lack of data regarding antibiotic
therapy and prophylaxis, post-surgical rehabilitation, complica-
tions, and after-amputation care. Indications for amputations are
often not reported. Patients’ length of stay has never been corre-
lated to their injuries or treatment. Few data were found about
open fractures, dislocations, or pelvic and spinal fractures. The
Gustilo and Anderson classification was never referred to. More-
over, papers did not report the number of either pelvic fractures
causing hemodynamic instability or spine fractures provoking
spinal cord involvement. Additionally, data were not homo-
geneous: some authors referred to the number of injured and
treated patients, others to the number of injuries and treatments
performed.

Conclusion

Papers often show few and dissimilar evidence, but at the same
time, they reveal some interesting findings. Children cannot be
studied in concert with adults as their condition for growth merits
different medical and surgical needs. They differ greatly with
regard to fractures epidemiology, injury mechanisms, fixation
methods and techniques, healing time, and acceptable degrees
of alignment after a reduction. Subjecting them to the same
“orthopedic rules” used for adults would result in devastating
consequences (malalignment, aberrant growth of long bones,
angular deformities, and more). Considering the high rate of
orthopedic patients among children with earthquake-related
traumas, the presence of an orthopedic surgeon familiar with
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Article Children Adults
Bar On® Admissions for ERI 47.00% 66.00%
Fractures 47.00% 48.00%
Open Fractures (P = .101) 33.00% 24.00%
Fractures Distribution 72.00% (L) 63.00% (L)
19.00% (V) 24.00% (U)
9.00% (A) 13.00% (A)
Upper Limb Fractures 11.00% humerus 10.00% humerus
3.00% forearm 8.00% forearm
Lower Limb Fractures 34.00% femur 23.00% femur
29.00% tibia 33.00% tibia
Surgical Patients (P<.001) 44.00% 29.00%
EF (P = .002) (21.00%) (42.00%)
Shift to Non-ERI Admissions Day 7 After Quake Day 9 After Quake
Walk'2 Surgical Patients (P = .002) 43.00% 55.00%
Limb ERI Needing Surgery 70.20% 72.90%
Zhao'* Debridement and Suture 48.70% 56.80%
EF 35.70% 28.60%
Amputation 8.80% 4.65%
Jain'® Surgical Patients 20.00% 58.00%
Sarizésen” Admitted for Orthopedic ERI 20.50% 79.50%
Crush Syndromes 87.10% 48.30%
Amputation for Crush Syndrome 11.10% 20.70%
Li° Fractures 6.01% 93.99%
Open Fractures 11.43% 8.36%
Upper Limb Fractures 28.57% 20.55%
Lower Limb Fractures 54.29% 35.82%

Table 8. Children vs Adults (Comparisons)

Morelli © 2015 Prehospital and Disaster Medicine

Abbreviations: A, axial skeleton; EF, external fixation; ERI, earthquake-related injuries; L, lower limb; U, upper limb.

children traumatology strongly is suggested. Field hospitals and
teams should be prepared and get resources to treat mainly lower
extremities fractures in children. It is reasonable to conclude that
EF should be encouraged, thus, a consistent amount of external
fixators is required. However, more studies are needed to define a
precise role for this technique. Moreover, further studies should
evaluate if less-severe injuries, usually surgically treated, could be

subjected to conservative treatments with fairly beneficial outcomes
in order to limit ORs from overcrowding.
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