Partial Foot Amputations in the Combat

Wounded
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Throughout the current conflicts in Afghanistan and Iraq, there have been more than 1100 combat-
related major limb amputations, with approximately 80% involving the lower extremity. There is, however,
a paucity of data regarding the number of amputations below the level of the ankle. Although not as
common, partial foot amputations, in the appropriate setting, offer a way to improve function and
decrease energy consumption when compared to proximal amputations. Sound surgical tenets are
prerequisite for successful outcomes when performing a distal amputation. Maintaining a robust soft
tissue envelope allowing for tension-free wound closure is paramount in determining the feasibility of
a partial foot amputation. Careful consideration of tendon balancing is also of utmost importance in
avoiding common complications of contracture and deformity. Partial foot amputations present a viable
surgical option for successful outcomes and maximization of patient function in the combat injured
when certain criteria are met. (Journal of Surgical Orthopaedic Advances 20(1):19-22, 2011)
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Traumatic combat-related amputations are devastating
injuries and comprise 2.3% of al battle injuries and 7.4%
of mgjor limb injuries (1). During the current conflicts in
Afghanistan and Irag, there have been more than 1100
combat injuries resulting in limb loss, of which greater
than 80% have involved the lower extremity (2). Although
major limb amputation is one of the most visible injuries
sustained by our servicemen and women, little information
is available regarding amputations of the foot distal to
the ankle. Although relatively uncommon, accounting
for approximately 5% of al amputations, partial foot
amputations can be a successful option in treating the
combat injured.

Metabolic studies of amputee patients previously dem-
onstrated that more proximal amputations require higher
energy for ambulation. With transtibial amputations,
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improved prosthetic function and decreased energy con-
sumption are seen when the residual limb is an appropriate
length (3, 4). In regard to partial foot amputations, these
data may suggest that preserving as much of the foot
as possible would trandate into improved function and
decreased energy expenditure compared to more proximal
amputations. Experience with traumatic partial foot ampu-
tations from the Vietham War demonstrated that successful
retention of the foot can be achieved when pliable terminal
soft tissue coverage of the foot is obtained (5). More
recently, Tintle et al. (4) have suggested that managing
severe foot and ankle trauma with transtibial amputation
may alow for better prosthetic fit and component options
compared to a more distal foot or ankle amputation.

Certain cases of severe foot and ankle trauma are more
amenable to salvage at the level distal to the ankle.
With combat-related partial foot amputations, the level of
definitive amputation is often determined by the location
of the most durable soft tissue envelope that alows
for tension-free closure with sensate, full-thickness flaps
robust enough to withstand areas of high pressure and
shear. Partial foot amputations may be considered when
faced with multiple extremity involvement, burn-injured
patients, or those with lower functional expectations. The
final decision on amputation level must be based on tissue
viability, patient autonomy, and anticipated residua limb
function. This article reviews the pertinent literature as
well as describes the authors' experiences with partial foot
amputations in this patient population, which, in concert
with basic tenets of amputation surgery, present a viable
option in caring for the combat injured with severe foot
and ankle trauma.
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General Considerations

Combat injuries are usually the result of blast and frag-
mentation, referred to as outside-in, high-energy mecha
nisms (6). After appropriate debridement, adequate soft
tissue flaps that alow for more traditional amputations
are often unavailable. Freguently, the remaining viable
soft tissue results in unconventional soft tissue flaps
that require the use of creativity with wound closure
(Fig. 1).

In the combat-injured patient with severe foot trauma,
the injury does not occur in isolation but rather is often
associated with proximal fractures, contralateral amputa-
tions, traumatic brain injuries, and burns. It is critica
to consider the concomitant injuries when deciding to
proceed with salvage of the residua foot.

Two factors always must be considered when deter-
mining the most appropriate amputation level for a patient.
The required remaining soft tissue must be viable and
the anticipated residual foot must be functional. The
most common indication for partial foot amputation is
an individual’s unwillingness to have an amputation at
a more proximal level. Another key consideration in the
decision-making process is the psychological status of the
patient with regards to perception of his or her appearance
as wel as expectations regarding function and
rehabilitation.

Other relative indications for performing partial foot
amputations include the consideration for preservation
of length of the forefoot, intact neurologic function
with maintained plantar sensation, and musculotendinous
balance of the residua foot. Intact neurologic function
has implications for tendon balancing as well as sensa-
tion for prevention of skin breskdown with prosthesis

FIGURE 1
blast injury.

A typical example of traumatic foot injury resulting from
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use. These factors, in combination with the other associ-
ated injuries, are critical in the decision-making process.
Decision making is finalized after conferring with a multi-
disciplinary team, including the surgeon, physiatrist, pros-
thetist, physical therapist, and patient. The surgeon must
respect patient wishes to proceed with a partial foot
amputation when a safe procedure with adequate soft
tissue coverage and functiona residual foot can be
achieved.

Surgical Considerations

Lange and Nasca have reported successful longitudinal
foot amputations but poorer results than those with tran-
verse level amputations, especially when skin grafting
is required for coverage (5). When performing partial
foot amputations, the authors have adapted the following
surgical tenets from previous descriptions (5, 7, 8).

1. All viable plantar skin with normal or protective sensa-
tion should be preserved.

2. Intact longitudinal rays should generally be maintained
with soft tissue attachments.

3. Ankle dorsiflexors and everters should be preserved
or transferred, when necessary, to provide balanced
motion at the ankle joint.

4. The residual foot should be covered with plantar skin,
when possible.

5. Because of their inability to withstand sheer forces,
split-thickness skin grafting and free muscle flaps are
generaly not advised as a way to provide soft tissue
coverage and preserve foot length distally, especially
when involving weightbearing areas of the foot.

6. Achilles tendon lengthening or release should be per-
formed to allow for the residua limb to reach full ankle
dorsiflexion with the knee extended.

7. Traditiona levels of partial amputations of the foot
may be disregarded provided that bone resection is
made in a manner that ensures joint stability and
presents a smooth distal residual foot for even weight-
bearing and tension-free soft tissue coverage.

Pitfalls and Complications

In the combat-injured patient, the rehabilitation and
functional potential of partial foot amputation is gener-
ally high (9). Concerns regarding vasculopathy, premorbid
protective sensation, and recurrent ulceration are gener-
ally not present in the typical young combat-wounded
patient. With appropriate patient selection, operative tech-
nigque, and follow-up attentive to initial healing, reha
bilitation and prosthesis fitting can be very gratifying
(20). Patients with marginal vascular status, compromised
soft tissue envelopes, or loss of plantar sensation due



to documented transection of the tibial nerve (11) are
poor candidates for these procedures. Likewise, muscu-
lotendinous imbalance leading to secondary deformity
often occurs, leading to compromised gait, pain, and
potential ulceration. Patients in whom these sequelae
cannot be reasonably prevented with adjunctive proce-
dures are, in most cases, better served by more proximal
amputation.

Acute infections following partial foot amputations
ostensibly result from proximal transmission of the distal
infection or traumatic contamination for which the ampu-
tation was initially performed or occur as a result of
a typical surgical site infection. Other than infection
resulting from poor initial soft tissue coverage, dista
residua foot infections should be treated as any other
infection — with early operative debridement and cul-
tures followed by systemic antibiotic administration. Neg-
ative pressure wound therapy and/or polymethylmethacry-
late antibiotic beads are useful adjuncts to local wound
care and may aid in both infection eradication and amputa-
tion level preservation in these instances. Refractory infec-
tions, those resulting from poor initial distal soft tissue
coverage and those compromising the muscul otendinous
balance of the residual foot, may be indications for more
proximal revision amputation.

Apart from early infection with or without compro-
mised initial soft tissue coverage, pitfalls for partia foot
amputations and complications thereof are largely either
manageable or preventable via appropriate patient selec-
tion and operative technique. These complications include
secondary deformity due to musculotendinous imbalance,
transfer metatarsalgia, and symptomatic neuromata. Since
virtually all transected nerves form neuromas, the latter
can be prevented by diligent isolation and proximal tran-
section and/or burying of major nerves (9) and treated
by revision neurectomy and deep coverage of symp-
tomatic nerves in most instances, with attention to not
deinnervating pressure-sensitive plantar and distal skin
regions. Transfer metatarsalgia is best avoided and treated
by appropriate myotendinous balancing and shoe inserts
or partial foot prostheses. Most partial foot amputations,
except for central ray resections, require specialized shoe
inserts or prosthetics for optima function, and careful
follow-up and orthotic fitting has been shown to decrease
complications and improve function (5, 10).

Contractures and deformity due to tendon imbalance or
deficiency are therefore foremost among both the classic
and common complications following partial foot amputa-
tion. These generaly result in an equinus or equinovarus
deformity due to peroneal and tibialis anterior compromise
and overpull of the triceps surae and/or tibialis poste-
rior (12—14). However, in extended medial and lateral
ray amputations, failure to retain or reconstruct the tendi-
nous insertions of the base of the first or fifth metatarsals

may result in predominating pronation/valgus or supina-
tion/varus deformities, respectively (15). Most tendon
balancing emphasis, however, is appropriately placed
on retaining or reconstructing the peroneal and ante-
rior tibialis tendon insertions under physiologic tension
(12—-15). Initial Achilles tendon lengthening should be
considered for al transmetatarsal or more proximal ampu-
tations, and Achilles tendon lengthening or release should
be performed for intertarsal amputations. Other strate-
gies for preventing or controlling equinus contractures
include provisional spanning external fixation until soft
tissue healing has occurred and neuromuscular control has
been regained, pantalar fusion (generaly for intertarsal
amputations), and late Achilles tendon release (16). In
the authors' experience, splinting alone is generaly inad-
equate and ineffective at preventing eguinus contractures
in patients with midfoot and hindfoot amputations.

FIGURE 2 Healed partial foot amputation, 6 months after salvage
of foot.

FIGURE 3 Example of partial foot orthosis for transmetarsal level
foot amputation.
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Gait and biomechanical studies have demonstrated
major disturbances following amputation proximal to
the metatarsal heads, with minima useful gait power
generation from the triceps surae in transmetatarsal and
more proxima amputees (17, 18). Heroic measures to
salvage partia foot amputations, including free tissue
transfer, have been described (19, 20); however, given the
generally good function anticipated with well performed
Syme's amputation or transtibial amputations in a young,
active population, the authors do not advise routine
utilization of such measures in the absence of devas
tating concurrent proximal injuries which may preclude
a satisfactory outcome of more proximal, knee-salvaging
amputation.

Case Example

A 20-year-old, active duty male sustained traumatic
partial foot amputation due to blast injury while deployed
for Operation Iragi Freedom. After discussion of the
risks and benefits of transtibia or partial foot amputation,
the soldier requested partial foot amputation. Six months
after injury, the soldier had healed soft tissue and was
fitted with a partial foot orthosis (Figs. 2 and 3). After
completion of the Medical Evaluation Board, he was
found fit for duty. Two years after initia traumatic foot
amputation he was re-deployed to Operation Enduring
Freedom. On June 21, 2010, he was killed by a suicide
bomber in Lar Sholtan Village, Afghanistan.

Conclusion

The goal of partial foot amputationsisto create aviable,
functional residual foot to maximize patient mobility and
independence. It is imperative for the surgeon to pay
diligent attention to preserving requisite robust, sensate
soft tissue coverage with tendon balance and nerve
management. Complications can be avoided and patient
function subsequently maximized following partial foot
amputationsin the combat injured. However, patient coun-
seling and an amputation level tailored to the patient’'s
overall clinical picture are critical. If theinjury or required
resection pattern is not such that these criteria can be met
and goals achieved with confidence, more proximal ampu-
tation is advocated.

22 JOURNAL OF SURGICAL ORTHOPAEDIC ADVANCES

References

10.

11

12.

13.

14

15.

16.

17.

18.

19.

20.

. Stansbury, L. G., Brangtetter, J. G., Laliss, S. J. Amputation in

military trauma surgery. J. Trauma 63:940—944, 2007.

. Military Amputee Patient Care Program Database. Accessed Sept.

30, 2010.

. Waters, R. L., Perry, J., Antonelli, D., et a. Energy cost of walking

of amputees: the influence of level of amputation. J. Bone Joint
Surg. Am. 58(1):42—46, 1976.

. Tintle, S. M., Forsberg, J. A., Keeling, J. J, et a. Lower extremity

combat-related amputations. J. Surg. Orthop. Adv. 19(1):35-43,
2010.

. Lange, T. A., Nasca, R. J. Traumatic partia foot amputations. Clin.

Orthop. Relat. Res. 185:137—-141, 1984.

. Pollack, A. N., Ficke, J. R., et a. Extremity war injuries:

challenges of definitive reconstruction. J. Am. Acad. Orthop. Surg.
16:628—634, 2008.

. Early, J. S. Transmetatarsal and midfoot amputations. Clin. Orthop.

Relat. Res. 361:85—90, 1999.

. Fergason, J., Keeling, JJ.,, Bluman, E. M. Recent advances in

lower extremity amputations and prosthetics for the combat injured
patient. Foot Ankle Clin. 15(1):151—-174, 2010.

. Pierce, R. O., Jr., Kernek, C. B., Ambrose, T. A., Il. The plight of

the traumatic amputee. Orthopedics 16(7):793—797, 1993.

Paola, L. D., Faglia, E., Caminiti, M., et a. Ulcer recurrence
following first ray amputation in diabetic patients: a cohort
prospective study. Diabetes Care 26: 18741878, 2003.

Bosse, M. J., McCarthy, M. L., Jones, A. L., et a. The insensate
foot following severe lower extremity trauma an indication for
amputation? J. Bone Joint Surg. Am. 87(12):2601—-2608, 2005.
Lange, T. A., Nasca, R. J. Traumatic partial foot amputation. Clin.
Orthop. Rel. Res. 185:137—141, 1984.

Letts, M., Pyper, A. The modified Chopart’s amputation. Clin.
Orthop. Relat. Res. 256:44—49, 1990.

Schweinberger, M. H., Roukis, T. S. Baancing of the
transmetatarsal amputation with peroneus brevis to peroneus longus
tendon transfer. J. Foot Ankle Surg. 46(6):510—514, 2007.
Landsman, A. S, Cook, E., Cook, J. Tenctomy and tendon transfer
about the forefoot, midfoot, and hindfoot. Clin. Podiatr. Med. Surg.
25(4):547-569, 2008.

Persson, B. M., Soderberg, B. Pantalar fusion for correction of
painful equinus after traumatic Chopart’s amputation — a report
of 2 cases. Acta Orthop. Scand. 67(3):300—302, 1996.

Dillon, M. P., Barker, T. M. Preservation of residual foot length in
partial foot amputation: a biomechanical anaysis. Foot Ankle Int.
27(2):110-116, 2006.

Dillon, M. P., Barker, T. M. Comparison of gait of persons with
partial foot amputation wearing prosthesis to matched control group:
observationa study. J. Rehabil. Res. Dev. 45(9):1317—1334, 2008.
Isk, S, Guler, M. M., Semanpakoglu, N. Salvage of foot
amputation stumps of Chopart level by free media plantar flap.
Plast. Reconstr. Surg. 101(3):745—750, 1998.

Farallo, E., Seccia, A., Bracaglia, R. Cross leg flap in successful
partial foot amputation for peripheral arteriopathy as an aternative
to leg amputation. Chir. Patol. Sper. 27(1):53—-62, 1979.



