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Abstract

All articles presenting original patient data were included.

Introduction: Injuries inflicted by motorboat propellers are rare but often result in extensive soft tissue and osseous injuries and
can have great impact on the functional outcome of the patient. Treatment is challenging and needs.a multidisciplinary approach.
Methods: This study retrospectively analyzed 4 cases and performed a PubMed, Embase, Medline and Cochrane literature search.

Results: In all four cases, a multidisciplinary approach was used. Mean follow up was 15.8 months (range 6 to 35). All patients had
some degree of functional impairment with lower Foot and Ankle Outcome Score (FAOS) concerning sport and recreation, and foot-
and ankle-related quality of life. Areview of the literature revealed 20 articles with 95 reported cases. The most common injury was
to the lower extremities (63 limbs). The injury mechanism was available for84 cases; 62% was water sport related. In 18 cases, the
propeller injury resulted in an amputation of the affected extremity. Twenty fatalities could be identified.

Conclusions: Motorboat propeller injuries can be severe and even fatal. Lower extremities are particularly at risk, resulting inex-
tensive soft tissue and osseous injuries with a significant riskof subsequentamputation. The impact on functional outcome can be
significant. A patient-based and multidisciplinary approach is necessary to ensure an optimal outcome.
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1. Introduction

Trauma is one of the biggest causes of ‘disability in
young people and the single greatest cause of years of life
lost in the world as well as is the fourthleading cause of
death in the world (1)., Injuries inflicted by propellers of
(outboard) motors are rare butcan be severe with the man-
agement being often challenging. The recreational use of
open water has.increased the risk of motorboat related in-
juries. Circumstances are commonly water sports like wa-
tetskiing, however most patients are accidentally run over
or thrown from a boat (2). Injuries due to the motorboat
propeller are frequently deep, parallel lacerations with ex-
tensive damage to soft tissues and osseous structures (3-
6). Based‘on 4 cases and a literature review we outline the
management of these challenging injuries.

1.1. Methods

We retrospectively analyzed the data of our patients
with propeller injuries treated at our level-1 traumacenter
during a 25-month period. Written informed consent was

obtained and all four patients were requested to complete
the Dutch translated version of the Foot and ankle out-
come score (FAOS) questionnaire at follow up. The FAOS
is a self-administered questionnaire intended to evaluate
symptoms and functional limitations related to feet and
ankles, consisting of 5 subscales; pain, other symptoms,
function in daily living, function in sport and recreation
and foot and ankle-related quality of life (7). A normal-
ized score is calculated for each subscale (100 indicating no
symptoms and 0 indicating extreme symptoms). In addi-
tion, as part of this study a review of the English literature
based on a PubMed, Embase, Medline and Cochrane search
was performed. Keywords used were: outboard, motor,
boat, propeller, and injury/injuries. All articles written in
English presenting original patient data regarding human
subjects were included. Reference lists of included articles
were hand searched.
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2. Case Presentation

2.1. Patient 1

A 2t1-year-old male was sitting on a motorboat with
his right foot in the water. Because of a sudden thrust,
his foot was sucked into the propeller, injuring his lower
leg. There was extensive soft tissue injury at the medial
side of the ankle and a traumatic amputation of the me-
dial malleolus including the deltoid ligament. Despite ex-
tensive damage, there were no signs of neurological in-
jury (Figure 1A). Following initial assessment, he was trans-
ferred to the operating theatre immediately. After wound
exploration and debridement, both the Achilles and pos-
terior tibial tendon were reconstructed. Subsequently the
ankle was stabilized with external fixation and the first
metatarsal with an additional K wire. Primary closure of
the wound was impossible and therefore the defect was
closed by the plastic/reconstructive surgeon with an an-
terolateral thigh (ALT) flap (Figure 1B). On empirical basis,
amoxicillin/clavulanic acid was administered (5 days IV fol-
lowed by 3 days orally). The postoperative course was un-
complicated. There were no signs of infection and the pa-
tient was discharged after nine days. Three weeks after
surgery, the external fixation was removed. During his/ad-
mission, he received clinical physiotherapy to regain mo-
bility; after discharge he was treated by a physiotherapist
as an outpatient. Two years after his accident, a tenotomy
was performed because of muscle contraction of the flexor
digitorum ITand III of his right foot. He hadpersistent com-
plaints during running and climbing stairs but was able
to mobilize with adaptive footwear, normally during his
daily activities. At 35 months follow-up, his FAOS were as
follows, pain 78/100; other symptoms 64/100; function in
dailyliving 68/100; function in sport/recreation 30/100 and
foot and ankle-related Qualityof Life 38/100.

2.2. Patient 2

A14-year-old male was struck by a propeller after jump-
ing from a boat. \He sustained parallel lacerations of the
medial side of the right ankle and an open fracture of the
calcaneus (Figure 2A). Radiographs and a computerized to-
mography (CT)-scan showed a fracture of the calcaneus,
fractures of the talus, navicular and several avulsion frac-
tures (Figure 2B). He was admitted for surgery immedi-
ately. In the operating theatre, wound exploration was per-
formed by an orthopedic trauma surgeon, pediatric sur-
geon and plastic surgeon. The posterior tibial artery was
transected. However, adequate vascularization of the foot
was provided by the anterior tibial artery and peroneal
artery. Therefore, no reconstruction of the posterior tib-
ial artery was performed. The bone fragments of the cal-
caneus and navicular bone were fixated with K-wires (Fig-

ure 2C). The soft-tissues were primarily closed after exten-
sive lavage and finally an external fixation was used to
obtain additional stability. Prophylactic antibiotic treat-
ment with cefuroxime at presentation to the emergency
department and a repeated dose during operation was ad-
ministered. After consultation of the microbiologist, to-
bramycin and piperacillin for six days was given on an em-
pirical basis. The postoperative course was uncomplicated:
He was discharged after seven days. During his admission,
he received clinical physiotherapy to regainmobility. After
six weeks, the K-wires and externalfixator.were removed.
During his further recovery, he was treated by a physio-
therapist as an outpatient. At10 months follow-up, he had
no problems duringshis daily activities and was able to
play soccer. HisFAOS were as follows, symptoms 86/100;
pain 96/100; function in daily living 100/100; function in
sport/recreation 85/100 and foot and ankle-related quality
of life 75/100.

2.3. Patient 3

A 48-year-old male tried to climb into the small ves-
sel while his friend started the outboard motor. His foot
was sweptinto the propeller causing lacerations on the lat-
eral'side of his foot with open comminuted fractures of the
caleaneus, talus, lateral cuneiform, 2nd and 3rdmetatarsal
bones and of his fifth digit (Figures 3 and 4) . On clini-
cal examination there was numbness of the fifth digit and
the lateral edge of the foot, suggesting injury to the pe-
ripheral branches of the sural nerve. Wound exploration
in the operating theatre, directly after the trauma, showed
an avulsion fracture of the attachment of the Achilles ten-
don to the calcaneus and injury to the peroneal tendon.
After K-wire fixation of the calcaneus and the fifth digit,
the peroneal tendon was reconstructed (Figure 3B). The in-
jury to the peripheral branches of the sural nerve were
treated conservatively. Despite extensive soft tissue in-
jury of the foot, primary closure of the wound was possi-
ble. Three doses of peri-operative cefuroxime IV were ad-
ministered. After consulting the microbiologist, the pa-
tient was treated for five days with piperacillin and to-
bramycin. After five days, antibiotics were switched to an
oral regiment; ciprofloxacin and clindamycin for another
five days. After five days he was discharged. Clinical phys-
iotherapy was given during his admission and was contin-
ued as an outpatient. Eight weeks after the initial trauma,
the K wires were removed. Nevertheless, the injury con-
tinued to have a major impact on his daily well-being. At
six months follow up his FAOS were as follows, symptoms
78/100; pain 71/100; function in daily living 90/100; func-
tion in sport/recreation 45/100 and foot and ankle-related
quality of life 25[100.
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Figure 2. Case 2. A, Trauma photo: Extensive injuries to medial side of theé ankle; B, 3D computed tomography reconstruction: fractures of the calcaneus, talar and navicular

bone; C preoperative fluoroscopy: internal fixation with 3 K-wires.

Figure3. Case3. A, left foot: Typical lacerations; B, preoperative fluoroscopy: internal fixation with 3 K-wires; C Photo at 6 months follow up: Almost completely healed wounds.

2.4. Patient 4

Ano-year-old girl fell off a motorboat and her left leg
got struck by the propeller, causing extensive injury to her
leg and ankle. She received a prophylactic dose of cefa-
zolin IV during transportation to our emergency depart-
ment. At presentation, there was a subtotal traumatic am-
putation through the distal tibia with deep semicircular
lacerations (Figure 4). Physical examination showed loss

Trauma Mon. In press(In press):e40270.

of sensibility but still an adequate capillary refill of the left
forefoot and toes. She was admitted to the operation room
immediately. During an eleven-hour operation, a special-
ized team of (orthopedic) trauma, pediatric and plastic
surgeons performed a reconstruction of the lower extrem-
ity. After exploration and extensive debridement, the distal
tibia and fibula were stabilized with K-wires and one lag
screw. Next, revascularization of the lacerated posterior
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tibial artery was performed using a venous graft from the
great saphenous vein. Subsequent reconstruction of the
tibial nerve (3 cm)was performed using the sural nerve and
the lateral femoral cutaneous nerve. The posterior tibial
musculature was approximated and the soft tissue deficit
was reconstructed using an anterolateral thigh (ALT) flap
connected to the anterior tibial artery and vein. Finally,
an external fixator was placed for additional stabilization
of the osseous injuries and soft tissues. During the oper-
ation, she received a prophylactic dose of cefazolin and
tobramycin IV. Adequate postoperative analgesic therapy
was provided by an epidural (PCEA). Because of partial
necrosis of the ALT-flap, a debridement of the foot was per-
formed twelve days after the initial operation and a persis-
tent defect was reconstructed using a gracilis flap. In con-
sultation with a pediatric dietician, a nasogastric tube was
placed for tube feeding because of insufficient oral intake.
During the period of admission, the patient was treated
by a physiotherapist. After six weeks, the external fixa-
tion could be removed, after which a wound infection oc-
curred. Wound cultures showed S. aureus and Aeromonas
hydrophila/caviae, hereupon in consultation with the mi-
crobiologist, antibiotic treatment with flucloxacillin and
gentamicin IV was started. After two days, the fever had
disappeared and we switched to clindamycin orally. Fur-
ther recovery went uneventful and she was discharged
57 days after the accident to a rehabilitation center. Af-
ter 12 months, she was able to resume her daily activi-
ties with the use of a ToeOFF brace. She was even playing
field hockey again as a goalkeeper. Without thie brace, her
functional impairment increased significantly. Her FAOS
with the ToeOFF brace were as follows, symptoms 36/100;
pain 100/100; function in daily living 84/100; function in
sportfrecreation 50/100 and foot and ankle-related quality
of life 38/100.

2.5. Review of the Literature

Twenty articles presented original patient data regard-
ing 95 cases with a total of 148 injuries (2-6, 8-22). The level
of evidence of allarticles was IV. Patient demographics and
injury characteristics are shown in Table 1. Most patients
were male (71%, n = 65) and mean age was 25 years. Al-
though most injuries were water sport related (62%, 52/95),
the most common mechanism of injury was a fall from a
boat or accidental running over a person (n = 23). As vi-
sualized in Table 2, injury to the lower extremity was most
common (63/95). Amputation was reported in 18 patients.
Table 2 also shows the reported outcomes in the literature.
Outcomes were reported in 66% (63/95). No objective mea-
sures were used for grading functional outcomes. Twenty
fatalities could be identified. Full recovery was claimed in

21 patients, recovery with deficits was reported in 22 pa-
tients. Those deficits were unfortunately not described in
detail, so we were unable to compare them with our pa-
tients.

Some articles emphasized the indication of a multidis-
ciplinary approach. Despite this, in none of the articles a
clear advice of treatment or a guideline was disclosed.

All patients and/or their legal representatives (parents)
gave a written consent for publication of the photo’s and
radiologic images.

3. Discussion

Incidence and epidemiologicdata: Injuries due to mo-
torboat propellers are uncommon, but true incidences re-
main unclear (2, 3, 8,10). In 2009 - 2013, a total of 915 cases
of propellerinjuries werereported, with 129 deaths (14.1%)
in the United States of America. Of all boating-related in-
juries, 2.6% was caused by propeller strikes (23). These
numbers are probably underestimating the real amount
ofiinjuries becatise not all non-fatal accidents are reported
(17, 24). Boating-related injuries are more common during
the summer period, with the highest prevalence in people
between 11 and 20 years (17, 23).

Trauma mechanism and injury pattern: Propeller in-
juries are caused by the great impact of the moving blades
of the propeller. The lower extremity is particularly at risk
for becoming in contact with the blades. The wounds are
characteristically parallel repeated, deep and clear-cut lac-
erations with potential loss of bony structures and soft tis-
sues (3-6). Our literature review shows that of all reported
cases, falling and being run over by a boat (n = 23) is the
most common injury pattern.

Management: The management of these injuries is in
line with the treatment of complex compound fractures
and should consist of a multidisciplinary approach with
close collaboration between (orthopedic) trauma, pedi-
atric and plastic surgeons, the microbiologist and support-
ive specialists and consist of the following principles;

Debridement and exploration: Extensive debride-
ment, exploration and wound rinsing in the operating the-
atreisthefirststep in the surgical treatment. Debridement
of soft tissues in open fractures is recommended to be per-
formed as soon as possible in highly contaminated open
fractures, or at least within 12 hours for high-energy open
fractures, which are not highly contaminated (25). Arecent
randomized study showed that irrigation with high vol-
ume and low pressure saline is sufficient in open fractures
(26). Early amputation of extremities can be indicated in
case of ‘life before limb situations, or in case of little chance
of survival of the affected limb (27).

Trauma Mon. In press(In press):e40270.
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Figure 4. Case 4. A+ B, subtotal amputation of the left foot; C, comminuted fractures of the tibia and fibula.

Table 1. Demographics and Trauma Mechanism of Current Literature

Author N Gender Mean Age Trauma Mechanism
WATERSPORTS Fall of[Run Over
M F Waterskiing Swimming/Diving Other
Mendez-Fernandez 1998 (8) 1 1 (] 44 [e] 1 [] 0
Hargarten et al. 1994 (9) 4 1 3 1,3 ( I N (0] 1 1
Sladden et al. 2014 (10) 2 2 [¢] NA 0 0 o] 1
'\ D
CDC1 2 1 1
998 (3) 3 39 ‘ 0 N 0 0
Garg et al. 2011 (4) 3 2 1 45 0 2 0 1
Keijzer et al. 2013 (11) 1 1 (0] \ l 0 0 (0] 1
.
Semeraro et al. 2005 (12) 1 NA n 0 0 0 0
Thama et al. 2009 (5) 1 10 v 3” 0 0 0 1
Di Nunno and Di Nunno 2000 (6) 9 6 3 273 0 6 3 0
Mann et al. 1976 (2) A]’ ‘ 26 4 4
Roos et al. 1994 (7) 183 5 4 (] 5
Dhall et al. 2008 (13) A ‘ 26 0 0 0 0
Noonburg et al. 1989 (14) (] 30,4 2 1 0 4
Klingman et al. 1991 (15), V 0 2 23 0 0 1 1
Kutarski 1989 (16) 5 4 1 24,6 1 1 2 0
Price and MONM 3 0 3 NA 1 2 0 0
Norouzi etal. 2013 (1) 9 5 4 26,8 4 1 1 2
v
Hu 1an 0r 1982 (18) 6 5 1 243 1 0 0 2
Paterson 1971 (21) 5 s 2* NA 1 3 1 0
wckson 19‘22) 2 1 1 28 2 0 0 0
Total 95 65 27 25,1(4-61) 17 5221 10 23

Abbreviations: N, number; NA, not available.
?2Not available.

Reduction and fixation of the osseous injuries: Tempo-  additional soft tissue damage. External fixation can be ap-
rary K-wires and screws can be applied without substantial ~ plied for initial management and stabilization of osseous
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Table 2. Injuries and Amputations in the Current Literature

Author N Injuries Amputation Outcome
Head Thorax Abd. Pelvis Upp.extr. Low.extr. Traum. Surg. Fatalities FullRecovery

Mendez-Fernandez (8) 1 [ 1 [ [ ] [ ] ] - 1

Hargarten et al. (9) 4 0 0 1 1 1 2 (] 1 - 1

Sladden etal. (10) 2 2 1 1 [ 1 1 ] ] 2

CDC(3) 3 0 0 0 0 0 42 0 0 1

Gargetal. (4) 3 1 2 2 2 1 2 1 0 3

Keijzer et al. (1) 1 1 0 [} [} 0 [} 1] ]

Semeraro etal. (12) 1 0 0 0 0 0 22 0 0

Thama etal. (5) 1 1 1 0 0 1 0 0 0 1

Di Nunno and Di Nunno (6) 9 2 1 1 1 3 128 0 3 1 4

Maan (2) 3 1 1 [ [ [ o [ o 3 3

Roos etal. (7) 17 1 o 2 1 4 10 0 1 3

Dhall et al. (13) 1 ] [ 1 1 (] 1 1] 1

Noonburg (14) 7 2 1 1 1 3 4 0 1 1 6

Klingman et al. (15) 2 1 0 0 1 0 3 0 0 1 1

Kutarski (16) 5 1 0 [ 2 [ 5 1 [ 1

Price and Moorefield (17) 3 0 0 0 3 0 32 1 0 2

Norouzi etal. (1) 9 0 3 3 1 2 42 3? 1 3 1

Hummel and Gainor (18) 6 o 1 o 1 4 7 0 2 1

Paterson (21) 5 [ 0 [ [ 1 3 2 1

Jackson (22) 2 2 0 0 0 0 0 0 0

Total 95 15 2 2 15 21 63 18 20 21

Abbreviations: Surg, surgical; Traum, traumatic; Up. Extr, upper extremity.
9Bilateral injurieslamputations are counted as 2.

injuries, to obtain a correct length, axis and rotation of the
limb and to protect the soft tissues (4). Ruptured tendons
and ligamentous injuries should be addressed afterstabi-
lization of the bones and restoratien of thelength, axis
and rotation to prevent the possibility,of inadequate re-
construction.

Reconstruction of peurovascularinjuries: The lacera-
tions caused by the propeller can lead to injuries of the
neurovascular structures with' tissue loss. Primary re-
construction of the neurovascular structures is therefore
rarely possible'and the tise of interposition grafts is fre-
quentlydndicated. In'case of critical ischemia due to arte-
rial injuries, arterial reconstruction should be performed
within 3'to 4 hours to prevent irreversible damage (28).
In case of mild ischemia and serious disruption of length,
axis and rotation of the effected extremity, it should be con-
sidered to address the osseous injuries first to prevent fail-
ureof the revascularization. Temporary arterial shunting
can also be considered before stabilization of the bones
(29). After stabilization, definitive reconstruction can then
be performed. In contrast to vascular injuries, delayed pe-
ripheral nerve reconstruction can be successful (30). How-
ever, early nerve reconstruction should be considered be-
fore definitive soft tissue coverage is performed. The recon-

struction of the tibial nerve is important in the functional
outcome, since it supplies the sensibility of the foot sole.

Soft tissue closure and reconstruction: Adequate cov-
erage with soft tissues is essential. If primary closure is not
possible, soft tissue reconstruction has to be performed by
local transposition or by a free flap reconstruction. Early
coverage of the wounds has a lower rate of infection com-
pared to open care of wounds (31). If soft-tissue covering
cannot be performed immediately it should preferably be
done within 72 hours (25). Delayed treatment of the soft
tissue injury and open fractures is associated with a higher
rate of infection (31). Several authors report the use of skin
grafts and flap reconstructions in the treatment of pro-
peller injuries (2, 4, 8, 15,19, 20). In case primary closure is
considered, postoperative edema and the subsequent in-
crease in pressure to the soft tissues has to be taken into
account. Vacuum assisted closure devices have also been
used as a temporarily adjunct for wound closure (4).

Infection prevention and antibiotic treatment: Pro-
peller wounds invariably get infested by bacteria from the
aquatic environment. Debridement is essential for ade-
quate treatment as it minimizes the breeding ground for
bacteria and reduces bacterial load (8). In both freshwater
and saltwater, a large variety of bacteria are present. In our

Trauma Mon. In press(In press):e40270.
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opinion, the empiric antibiotic regimen should be based
on the type of aquatic environment (fresh water versus salt
or brackish water). In the literature, a wide range of an-
tibiotic regimens is recommended including almost every
antibiotic class (4, 9, 15, 16, 19). Early infections associated
with freshwater are caused by typical aquatic bacteria such
as Aeromonas spp., Pseudomonas spp., and a variety of other
gram-negatives (Escherichia coli, Klebsiella spp., Shewanella
spp.) but also by Staphylococcus aureus and Streptococcus
pyogenes (group A). A specific micro-organism, which can
be found in freshwater is Aeromonas hydrophila. One of our
patients had a positive wound culture for this bacteria.
This infection mimics a Staphylococcus infection, but can
rapidly progress to a very painful infection with fever,
lymphadenopathy and bullae with purulent discharge
with the possibility to progress to necrotizing fasciitis or
osteomyelitis. The incubation period for Aeromonas hy-
drophila infection is usually one or two days. The number
of bacteria present in water is higher during the summer
period (32). Early infections associated with salt water
environments are caused by bacteria such as Vibrio spp
(mainly V. vulnificus). In later stages, non-tuberculous my-
cobacteria such as Mycobacterium marinum, M. abscessus
and M. fortuitum may cause infections. Based on the epi-
demiology of aquatic bacteria and associated infections,
we recommend prolonged antibiotic prophylaxis for5 -
7 days depending on the severity of the trauma and the
extent of the soft tissue injury, with a combination of
a penicillin with anti-pseudomonal/aeromonas activity
(e.g. piperacillin) with an aminoglycoside (e.g. gentam-
icin or tobramycin) or a third-generation cephalosporin
with anti-pseudomonal activity (ceftazidime) or a fluo-
roquinolone (e.g. ciprofloxacin)s Patients with a peni-
cillin allergy should be treated by.a third-generation
cephalosporin with antipseudomonal activity (cef-
tazidime) or a fluoroquinolone ‘(e.g.  ciprofloxacin).
For salt-water injuries;we recommend use of an aminogly-
coside to cover infection caused by Vibrio spp. Noonburg
also described the presenceyof Clostridium tetani in sea
or brackish water and therefore advised to treat patients
with a tetanus booster if their lastimmunization has been
morethan10.years ago (14).

Supportive care: The management of motorboat pro-
peller injuries is complex and it needs a multidisciplinary
approach, of which case 4 is a good example.

Outcomes: Although all of our patients were able
to resume their daily activities (some with adaptive
footwear/brace), they all had in greater or lesser extend
functional impairment with lower FAOS scores concerning
sport and recreation, and foot- and ankle-related quality
of life. None of our patients reported signs of complex re-
gional pain syndrome.

Trauma Mon. In press(In press):e40270.

Conclusion: Motorboat propeller injuries can result
in extensive damage to soft tissue and bones with severe
functional disability, amputation and even death as a re-
sult. Thorough surgical debridement and irrigationgfixa-
tion of osseous structures, reconstruction of neurovascu-
lar and soft tissues, prevention and treatment of infection
and supportive care are all key elements in the treatment
of these injuries. A multidisciplinary approach is'essential
to ensure an optimal outcome.

Footnotes
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