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22.1 Introduction

More than three out of five accidental injuries in
the USA are to the musculoskeletal system. Costs
associated with the care of these injuries have
been estimated to be $849 billion or 7.7 % of the
US gross domestic product (GDP) in the year
2004. Musculoskeletal disease and injury con-
tinue to account for the majority of both lost
wages and hospital bed days in the USA [1]. We
must improve the care of these injuries so that we
may help patients rehabilitate from injury and
prevent future morbidity.
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A small but resource-heavy subset is the high-
energy trauma patient with a mangled extremity
[2]. The evaluation and subsequent management
of this patient group can be a great source of
stress for both the patient and the treating surgi-
cal team. The decision-making processes are dif-
ficult and can be controversial, and the clinical
evidence for these decisions has been largely
based upon small case series and historical Level
V evidence [3]. These data have influenced the
treatment of limb-threatening trauma and have
potentially led to large numbers of limb amputa-
tions with severe lower-extremity trauma where
limb salvage may have been technically possible
but not recommended [4, 5]. As medical and sur-
gical technology, skills, procedures, and concepts
have evolved, so has our ability to salvage limbs
previously thought to be unsalvageable. Particular
areas of advancement include soft-tissue han-
dling, less invasive fracture management, micro-
vascular repair, and soft-tissue coverage [6—13].
Limb-salvage protocols have been evaluated, and
many of them have influenced our current treat-
ment strategies [14, 15]. These studies and others
reviewing complicated limb trauma have sug-
gested that early amputation may be preferable
due to the mental and physical toll limb salvage
can levy on patients [16—18]. Most studies have
included small numbers of patients, and their
results have correspondingly not yielded defini-
tive results [6, 7, 18, 19].

In an effort to provide evidence for clinicians
to rely upon when making amputation versus sal-
vage decisions, a large multicenter, prospective,
observational study was undertaken entitled the
Lower Extremity Assessment Project (LEAP)
[20-22]. Utilizing data from this project and
more recent data from military services involved
with combat-related injuries, several areas of the
amputation — limb-salvage debate — have been
explored. Evidence from this trial and others is
presented in the following chapter to assist treat-
ment teams in these difficult and complex situa-
tions. The goals of this chapter are to present the
data from this study and provide a framework for
surgical treatment teams to employ when evalu-
ating the high-energy trauma patient with a man-
gled extremity.

22,2 Traumatic Primary
Amputations:
Considerations
and Completions

The patient presenting with a complete or near-
complete traumatic amputation as the result of
high-energy trauma requires an evaluation con-
sistent with the latest recommendations of the
American College of Surgeons and the principles
of Advanced Trauma Life Support [23-25]. Once
the patient’s life-threatening issues have been sta-
bilized, attention can then be focused on the
injured extremity. It is perhaps best to have the
orthopedic surgeon present prior to any surgical
intervention. It is typically this surgeon who will
follow the patient through subsequent recovery
and functional gain with the affected extremity.
In addition, any further surgical interventions are
likely to be performed by an orthopedic surgeon.

Standard open wound protocols should be fol-
lowed in accordance with open fracture princi-
ples surrounding the acute zone of injury (see
Chap. 20). Once the patient is physiologically
stable, the zone of injury on the affected limb is
defined in the surgical suite, and the limb is
deemed appropriate for definitive amputation,
and appropriate surgical steps are taken accord-
ing to the desired amputation level and planned
technique (i.e., bone cut lengths, muscle flap cov-
erage, myodesis planning).

In the orthopedic trauma setting, there are
three primary lower-extremity amputations we
consider appropriate: below-the-knee, above-the-
knee, and, in some select cases, through-the-
knee. In the high-energy trauma patient, more
often than not, the heel pad has been traumatized
over the hind foot making the Syme amputation
less optimal and rarely used option (Fig. 22.1).
The hip disarticulation is also rarely used except
for the most severe proximal injuries. This usu-
ally includes those with massive soft-tissue injury
and/or an obvious vascular and complete sciatic
nerve transection. The indications and techniques
for the above three primary amputations have
been well described [26] and are not the focus of
this chapter. However, when contemplating an
amputation through-the-knee, the surgeon must
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Fig. 22.1 This 28-year-old male was involved in a high-
speed motorcycle crash and sustained significant forefoot
and midfoot trauma. The heel pad was severely damaged
in this case which happens commonly in these injury pat-
terns. This makes subsequent reconstrutive efforts diffi-
cult with amputation levels below the midsection of the
tibia (i.e., Syme amputations)

critically evaluate the soft-tissue envelope around
this tenuous area. If there is any evidence that the
zone of injury includes this area, most especially
the proximal gastroc-soleus musculature, then
there should be strong consideration to proceed
with an amputation level above-the-knee. Data
from the LEAP study [20, 22, 27] has suggested
that through-the-knee amputations do not per-
form as well as above-the-knee amputations in
the mangled extremity patient. This finding was
most likely attributed to the condition of the soft-
tissue envelope in their patient cohort and to dif-
ficulties with prosthetic fitting. In the absence of
compromised soft-tissues in this area and in the
properly selected patient with experienced pros-
thetics support, a through-the-knee amputation
has been shown to provide good muscular bal-
ance and has a low risk for the late development
of joint contractures [28].

Severe upper extremity injuries, which present
as complete or near-complete amputations, war-
rant special consideration and evaluation by a
surgeon who is familiar with reconstruction pro-
cedures in this area. The decision-making pro-
cess in the mangled upper extremity can be
challenging, especially when limb salvage
becomes an option [29]. Primary amputation may
not be in the best interest of some patients as it
has been suggested that a sensate hand with mini-
mal prehensile function can outperform a pros-
thesis [30]. Standard principles of wound care

Fig. 22.2 This 16-year-old female was involved in a
high-speed motor vehicle crash in which the vehicle rolled
multiple times. She sustained a traumatic amputation of
the forearm including the entire radius and ulna. The
proximal soft-tissue involvement was extensive, and she
underwent a proximal amputation leaving 14 cm of resid-
ual humerus. She was ultimately fit with a myoelectric
hand

should be employed until appropriate consulta-
tion can be obtained. When definitive surgical
intervention is required, preservation of length is
critical and can decrease the energy needed for
the patient to suspend their prosthesis (Fig. 22.2).
Furthermore, the increased surface area of the
limb can help with load distribution, prosthesis
propulsion in space, and counterpressure with
task performance [26].

Absolute indications for primary limb ampu-
tation have been suggested in the literature with
varying algorithms. Generally, these indications
have included a patient presenting with a total or
near-total leg amputation or complete tibial or
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Table 22.1 Primary amputation guidelines

Absolute 1. Presentation with complete or

indications near-complete limb amputation
2. Complete sciatic or tibial nerve
transection in an adult
Relative 1. Concurrent ipsilateral severe foot injury

indications 2. Large intercalary soft-tissue or bone
loss

3. Warm ischemia time of >6 h
4. Severe concurrent multiple injuries

sciatic nerve transection in an adult [14, 31, 32].
Relative indications have included two or more
of the following: concurrent severe ipsilateral
foot injury, large intercalary soft-tissue or bone
loss, warm ischemia time of greater than 6 h, and
severe concurrent multiple injuries (Table 22.1)
[8, 15, 31, 33-35]. Uniformly, however, these
studies indicate that the clinician’s judgment at
the time of initial evaluation is critical; amputa-
tion decision-making should employ a multitude
of factors. We also advise seeking multispecialty
input with this difficult decision (i.e., orthope-
dics, plastic surgery, general surgery). In one
study, a combined approach led to 89 % of
patients achieving a successful viable limb, and
only 11 % went on to secondary amputation [31].

22.2.1 Outcome of Traumatic
Primary Amputations

There is little in the literature reporting the
long-term outcome of traumatic amputations.
Recently, Dougherty published a study evalu-
ating the outcomes of 123 transtibial amputees
from the Vietnam War — 65 % of which were
victims of land mines and booby traps. He found
that with isolated amputations, these patients led
relatively normal lives. However, when concomi-
tant injuries were sustained by these patients,
their SF-36 scores lowered, and their incidence
of psychological illness increased [36]. Smith
et al. [37] published a descriptive study describ-
ing outcomes of 20 patients with unilateral trans-
tibial amputations. They found that SF-36 scores
were lower than normal age-matched scores
in the categories of physical function and role

limitations because of physical health problems
and pain. Aside from those two sections, scores
from the normal population were not signifi-
cantly different. Lerner et al. [38, 39] evaluated
three groups of patients: posttraumatic fracture
nonunion, chronic refractory osteomyelitis, and
lower-extremity amputation. In their group of
109 patients, they found that the chronic osteo-
myelitis patients were the most adversely affected
among the three groups. Interestingly, 85 % of the
amputee patients believed they had been “men-
tally scarred” by their orthopedic problem, but
despite that complaint, they had minimal restric-
tion in lifestyle and activity — a direct contrast to
the poorer functioning osteomyelitis group.

In 2004, a study was published which reviewed
161 trauma-related amputation patients that were
participants in the LEAP study [27]. This study
found no differences in outcomes between the
above-the-knee amputees and the below-the-
knee amputees. The exception to this finding
was with walking speeds in which the below-
the-knee group performed better. A key finding
in this study was the significantly poorer out-
comes of patients that had undergone a through-
the-knee amputation. The poorer outcome was
associated with worse walking speeds and also
less physician-measured satisfaction in terms of
clinical, functional, and cosmetic recoveries of
their patients. As we noted earlier, we believe
the surgeon must critically evaluate the zone of
injury prior to proceeding with a through-the-
knee amputation. Furthermore, when faced with
the decision to proceed with an above-the-knee
amputation, surgeons should take whatever steps
are necessary to preserve femoral length [40]. It
was recently shown that retained length of the
femur significantly improves temporospatial and
kinematic gait outcomes. Careful attention to
the adductors, either with preservation or recon-
struction, can benefit this group of patients and
improve their mobility.

The outcome of isolated traumatic lower-
extremity amputations is mixed but can generally
be associated with residual disability and lower
outcome scores than the general population.
While Dougherty’s [41] study of transtibial
amputations demonstrated relatively normal
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scores with a select population with an isolated
lower-extremity injury, other studies indicate
substantially poorer outcomes. In another study
by Dougherty examining more proximal trans-
femoral amputations, substantial disability was
found in patient follow-up [36]. Smith et al. [37]
and the LEAP study [27] also identified signifi-
cant disability with traumatic amputations in fol-
low-up. These studies indicate that when
lower-extremity injuries are among a constella-
tion of traumatic injuries, which they often are,
outcomes demonstrate increased disability. An
extensive rehabilitation program offered at the
treating US Army hospital may have influenced
the better outcomes identified in Dougherty’s
transtibial amputation study. This finding and
those of the LEAP study underscore the need to
have high-energy traumatic amputation patients
closely followed and managed by a multidisci-
plinary team including surgeons, rehabilitation
physicians, nurses, prosthetists, and therapists. It
is also the surgeon’s responsibility to inform
patients of expected outcomes and ensure that
unrealistic expectations are not confusing patients
during their recovery. These discussions can allay
patient fears and allow the patient, their families,
and support networks to adjust to the trauma and
plan ahead for expected changes.

22.3 The Subtotal Amputation
Injury: Limb Salvage or
Amputation

The high-energy trauma patient with a subtotal
amputation to an extremity presents immediate
challenges to the trauma team. The Lower
Extremity Assessment Project (LEAP) was a
prospective cohort study of 601 patients who had
been admitted to eight Level I trauma centers for
the treatment of severe lower-extremity injuries
below the distal part of the femur [21]. This study
sought to provide evidence for clinicians to use
when faced with this dilemma and has recently
published 7-year follow-up data [20]. The singu-
lar study has produced multiple projects investi-
gating various facets of the lower-extremity
injured patient, and many are discussed in the

Table 22.2 Inclusion criteria of the LEAP study [22]

1. Traumatic amputations below the distal femur
2. Gustilo Type IIIA fracture with

(a) Length of hospital stay >4 days

(b) Two or more surgical limb procedures

(c) Two or more of the following: (a) severe muscle
damage (>50 % loss of one or more major muscle
groups or associated compartment syndrome with
myonecrosis); (b) associated nerve injury
(posterior tibial or peroneal deficit); (c) major
bone loss or bone injury (associated fibula
fracture; >50 % displacement, comminution, and
segmental-type fracture; and >75 % probability
of requiring bone graft/transport)

3. Gustilo Type IIIB tibia fracture
4. Gustilo Type IIIC tibia fracture

5. Dysvascular injuries below the distal femur
excluding the foot include knee dislocations, closed
tibia fractures, and penetrating wounds with vascular
injury documented from arteriogram, surgery, or
ultrasound

6. Major soft-tissue injuries below the distal femur
excluding the foot include:
(a) AO® type IC3-ICS degloving injuries
(b) Severe soft-tissue crush/avulsion injuries with
muscle disruption or compartment syndrome

(c) Compartment syndrome resulting in myonecrosis
and requiring partial or full muscle unit resection

7. Severe foot injuries including:
(a) Type IIIB open ankle fractures
(b) Severe open hindfoot or midfoot injury (i.e.,
either insensate plantar surfaces,
devascularization, major degloving injury, or
open soft-tissue injury requiring coverage)
(c) Open Type III pilon fractures

Lower Extremity Assessment Project
*Arbeitsgemeinschaft fiir Osteosynthesefragen

ensuing sections. Inclusion criteria for the LEAP
study are listed in Table 22.2 and highlight the
severity of trauma evaluated in this study as well
as the breadth of injuries included. Please refer to
Case 1 in Figs. 22.3a, 22.4, and 22.5c and Case
2 in Figs. 22.6a and 22.7c for limb-salvage and
amputation examples.

22.3.1 Factors Influencing Initial
Salvage Decisions

Initial decisions for the acute trauma patient with
a severely injured lower extremity include
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Fig. 22.3 This 20-year-old female sustained severe right
lower leg trauma after being run over by a personal water-
craft. (a—d) Initial surgical evaluation and debridement
with subsequent external fixation. (c¢) Extensive soft-
tissue loss and intact neurovascular bundle posterior to the

immediate amputation (i.e., within the first 24 h)
or delayed (i.e., secondary procedure with the
first hospitalization) [8, 14, 15, 17, 42, 43]. There
are a multitude of factors influencing this deci-
sion: those related directly to the leg injury itself,
the extent and severity of associated injuries, the
physiologic reserve of the patient, and their social
support network. The training and experience of
the attending surgeon may also play a role in the
decision-making process [44].

Mackenzie et al. published the results of a sur-
vey pertaining to surgeons and their decision to
amputate or reconstruct traumatized lower
extremities. This study highlighted various fac-
tors that different specialties (general surgeons
and orthopedic surgeons) deemed most important
to consider in the critical decision of amputation
versus salvage (Table 22.3). Interesting perspec-
tives representative of specialty-specific training
and goals were identified. Namely, the general
surgeons tended to emphasize the overall physi-
ologic condition and reserve of the patient as a
whole (the injury-severity scale, limb ischemia),
whereas the orthopedic surgeon emphasized
functional outcome prognosis (nerve integrity,

tibia fracture. At this time, we confirmed our decision to
salvage the limb. This wound had a vacuum-assisted clo-
sure device until the plastic surgery team could evaluate
and ultimately place a tissue flap over the wound (Case
and photographs courtesy of David P. Barei, MD)

soft-tissue coverage, limb ischemia). The study
conclusions suggest that the main factor influenc-
ing surgeons on the question of salvageable limbs
is apparent soft-tissue damage: muscle injury,
absence of sensation, arterial injury, and vein
injury. Patient factors were found to play much
less of a role, although alcohol consumption and
socioeconomic status were noted to be of some
influence [44].

22.3.2 Lower-Extremity Injury-
Severity Scales and Scores:
Tools for Assisting Surgeons
with Salvage or Amputation
Decisions

Lower-extremity injury-severity scores were
developed by clinicians to assist surgical teams in
making the often difficult initial decision of
whether to attempt limb salvage or amputate a
severely traumatized extremity. Surgeons have
hypothesized that patients who undergo initial
salvage attempts but subsequently require later
amputation have worse outcomes than those who
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Fig. 22.4 (a, b) Anterior-posterior and lateral radio-
graphic views of the injured lower extremity. Note sig-
nificant soft-tissue shadow highlighting the extensive
damage. This patient was fortunate and did not sustain
substantial bone loss. (¢, d) Provisional external fixation

have early amputation. This makes intuitive sense
and was shown to be correct in the LEAP study
[16] and highlights the importance of early and

was employed to restore length, alignment, and rotation
to the injured limb. (e, f) One year post-injury radio-
graphs demonstrating complete union of both the tibia
and fibula (Case and photographs courtesy of David
P. Barei, MD)

accurate selection on which patients should pro-
ceed with a limb amputation during their first
hospitalization.
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Fig. 22.5 (a—c) Clinical follow-up demonstrating good
result of limb salvage with this patient. She was able to
gain excellent range of motion and had an outstanding

support network aiding her in the recovery process (Case
and photographs courtesy of David P. Barei, MD)

Fig. 22.6 This 40-year-old female was involved in a
severe motorcycle crash. In Figures (a—c) profound soft-
tissue and osseous damage was sustained. Emergency
department evaluation demonstrated the foot be avascular.
The patient underwent emergent operative intervention

and underwent an acute above-the-knee amputation (d).
She returned to the operating suite several times over the
ensuing days for further debridement and, ultimately, a
disarticulation of the hip joint. Radiographs for this
patient are shown in Fig. 22.7
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Fig. 22.7 (a—c) Radiographs of the patient pictured in Fig. 22.6a

Several studies [31, 33, 45-47] have examined
the application of high-energy lower-extremity
trauma scoring systems to patients with severe
lower-extremity trauma. The LEAP study [21]
contained the largest patient cohort of 565 pro-
spectively evaluated high-energy lower-extremity
injured patients. Each patient in this study had
five well-known injury-severity scoring systems
applied to their case in an effort to determine the
clinical utility of each system [45]. The five sys-
tems evaluated were the Mangled Extremity
Severity Score (MESS) [29, 48], the Limb
Salvage Index (LSI) [32], the Predictive Salvage
Index (PSI) [34], the Nerve Injury, Ischemia,
Soft-Tissue Injury, Skeletal, Shock, and Age of
Patient Score (NISSSA) [49], and the Hannover
Fracture Scale (HFS) [50]. Table 22.4 represents
the components of each injury-severity scale with
the addition of a newer scale that was developed
in India to predict hospital days required, flap
requirements, rate of infection, and the number
of secondary procedures required. This scale also
incorporates patient comorbidities but empha-
sized primarily the evaluation of type IIIB open
tibia fractures [51]. It was not assessed in the
LEAP trial but is included for the sake of com-

Table 22.3 Percent distribution of most important factor
typically considered in the decision to amputate vs. recon-
struct by specialty

General  Orthopedic

Total surgeons surgeons
Factor (%) (%) (%)
Nerve integrity/ 32 21 38
plantar sensation
Limb ischemia 20 27 15
Soft-tissue coverage 14 9 17
Muscle damage 7 6 8
Neurovascular 3 0 6
damage
Fracture pattern/bone 4 0 6
loss
High Injury Severity 12 31 0
Scale (ISS)
Patient characteristics 2 0 4
Others 6 6 6

Adapted from MacKenzie et al. [44]

pleteness. See Tables 22.5, 22.6, 22.7, 22.8, and
22.9 for details on each extremity trauma scale.
When reviewing the initial studies for each
of these instruments, reports indicated both
high sensitivity and specificity for their respec-
tive scores [29, 32, 34, 48, 49]. However, when
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Table 22.4 Components of lower-extremity injury-severity scoring systems

Lower-extremity injury-severity scales

Severity scale factors MESS* LS PSI¢ NISSSA! HFS® GHOISS'
Age X X X

Shock X X X X

Warm ischemia time X X X X X X

Bone injury X X X

Muscle injury X X X

Skin injury X X X

Nerve injury X X X X
Deep-vein injury X

Skeletal/soft-tissue injury X X

Contamination X X X

Time to treatment X

Comorbidities X

Score predicting >7 >6 >8 >11 >9 >17 (14-17
amputation gray zone)

Adapted from Bosse et al. [45] and Rajasekaran et al. [51]
*Mangled Extremity Severity Score (MESS) [29, 48]
"Limb Salvage Index (LST) [32]

‘Predictive Salvage Index (PSI) [34]

dNerve Injury, Ischemia, Soft-Tissue Injury, Skeletal, Shock, and Age of Patient Score (NISSSA) [49]

°Hannover Fracture Scale (HFS) [50, 87]

‘Ganga Hospital Open Injury Severity Score (GHOISS) [51]

Table 22.5 The Mangled Extremity Severity Scale
(MESS) [29]

A. Skeletal/soft-tissue injury
Low energy (stab; simple fracture; civilian GSW) 1

Medium energy (open or multiple Fxs, dislocation) 2
High energy (close-range shotgun or “military” 3
GSW, crush injury)

Very high contamination, soft-tissue avulsion 4
B. Limb ischemia

Pulse reduced or absent but perfusion normal 12

Pulseless, paresthesias, diminished capillary refill ~ 22

Cool, paralyzed, insensate limb 2F
C. Shock

Systolic BP always >90 mmHg 0
Hypotensive transiently 1

Persistent hypotension 2

D. Age (years)

<30 0
30-50 1
>50 2

aScore doubled for ischemia >6 h

these scoring instruments have been evaluated
subsequently by other clinicians, the initial results
have been unable to reproduce (Table 22.10)
with widely varying sensitivity and specificity

values. The differences among these instruments
(typically a higher specificity) demonstrate that
they may be more helpful to treatment teams in
determining which injuries may support entry of
the injured extremity into a limb-salvage path-
way [45] and not to which extremities should
undergo immediate amputation. The sensitivities
were generally low in the LEAP study demon-
strating that their accuracy at predicting which
extremities may eventually require amputation is
poor and certainly should not be relied upon to
make acute treatment decisions. Furthermore, in
the face of low test sensitivity, placing too much
emphasis upon these scores may delay an inevi-
table amputation risking complications in patient
care potentially resulting in sepsis and even
death [42].

Bosse et al. and Bonanni et al. [33, 45] were
unable to recommend any scale for independent
use in determining the fate of an injured limb.
With the initial presentation of a trauma patient,
they concluded that lower-extremity injury-
severity scales have limited usefulness and that
scores at or above respective amputation thresh-
olds should be used cautiously in decision-making
with high-energy trauma patients. Their utility is
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Table 22.6 The Limb Salvage Index [32]

Artery 0 Contusion, intimal tear, partial laceration or avulsion (pseudoaneurysm) with no distal thrombosis
and palpable pedal pulses; complete occlusion of one of three shank vessels or profunda
1 Occlusion of two or more shank vessels, complete laceration, avulsion or thrombosis of femoral or
popliteal vessels without palpable pedal pulses
2 Complete occlusion of femoral or popliteal or three of three shank vessels with no distal runoff
available
Nerve 0 Contusion or stretch injury, minimal clean laceration of femoral, peroneal, or tibial nerve
1 Parietal transection or avulsion of sciatic nerve; complete transection or partial transection of
femoral, peroneal, or tibial nerve
2 Complete transection or avulsion of sciatic nerve; complete transection or avulsion of both
peroneal and tibial nerves
Bone 0 Closed fracture of one or two sites; open fracture without comminution or with minimal
displacement; closed dislocation without fracture; open joint without foreign body; fibula fracture
1 Closed fracture at three or more sites on the same extremity; open fracture with comminution or
moderate to large displacement; segmental fracture; fracture dislocation; open joint with foreign
body; bone loss <3 cm
2 Bone loss >3 cm; Type I1IB or IIIC fracture (open fracture with periosteal stripping, gross
contamination, extensive soft-tissue injury loss)
Skin 0 Clean laceration, single or multiple, or small avulsion injuries, all with primary repair; first-degree
burns
1 Delayed closure due to contamination; large avulsion requiring STSG or flap closure. Second- or
third-degree burns
Muscle 0 Laceration or avulsion involving a single compartment or single tendon
1 Laceration or avulsion involving two or more compartments; complete laceration or avulsion of

two or more tendons
2 Crush injury

Contusion, partial transection, or avulsion; complete laceration or avulsion if alternate route of

Complete laceration, avulsion, or thrombosis with no alternate route of venous return

Deep 0

vein venous return is intact; superficial vein injury
1

Warm 0 <6h

ischemia 1 6-9 h

L P E=E
3 12-15h
4 >15h

in providing a list of the factors to consider when
making the clinical decision.

22.3.3 Lower-Extremity Injury-
Severity Scales and Scores:
Predicting Functional
Outcomes of Salvaged Limbs
After Limb-Threatening
Trauma

It has been hypothesized that lower-extremity
injury-severity scores may have utility in the
accurate prediction of functional outcome in the
limbs that underwent salvage after severe trauma.
This important and useful question has been

studied recently in a number of studies [33, 46,
52, 53]. Ly et al. [53] evaluated the clinical and
functional outcomes of the patient cohort in the
LEAP study as determined by the Sickness
Impact Profile [54, 55] and the patients’ scores
on the MESS, PSI, and LSI lower-extremity
injury-severity scores. They found no correlation
among these instruments with patient clinical or
functional outcomes. A unique point that this
study investigated was the specific evaluation of
functional scores on patients in whom the injury-
severity threshold scores had recommended an
amputation, but the patients had undergone
limb-salvage instead. Very interestingly, these
“amputation-recommended” patients had out-
come scores that were no worse than those
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Table 22.7 The Predictive Salvage Index [34]

Level of arterial injury

Suprapopliteal 1
Popliteal 2
Infrapopliteal 3
Degree of bone injury

Mild 1
Moderate 2
Severe 3
Degree of muscle injury

Mild 1
Moderate 2
Severe 3
Interval from injury to operating room (hr)

<6 0
6-12 2
>12 4

Table 22.8 The Hannover Fracture Scale [87, 88]

Bone loss Deperiostation
No 0 No 0
<2 cm 1 Yes 1
>2 cm 2 Local circulation
Skin injury Normal pulse 0
No 0 Capillary pulse only 1
<Y circumference 1 Ischemia <4 h 2
Y4—Y2 circumference 2 Ischemia 4-8 h 3
V2% circumference 3 Ischemia >8 h 4
>¥% circumference 4 Systemic circulation
(syst. BP mm Hg)
Muscle injury Constantly >100 0
No 0 Until admission <100 1
<Y% circumference 1 Until operation <100 2
Ya—Y5 circumference 2 Constantly <100 3
V2% circumference 3 Neurology
>% circumference 4 Palmarly-plantarly: 0
yes
Wound contamination  Sensibility: no 1
No 0 Finger — toe yes 0
Partly 1 Active motion: no 1
Massive 2
Score range 0-22 Cutoff point (COP) >11

patients who had salvaged limbs and had injury-
severity scores indicating that amputation was
not recommended. Durham et al. [46] studied 30
limbs that had undergone limb salvage and had
similar findings as Ly et al. Based upon phone
interviews and clinic visits where return to work,

impairment, and disability were assessed, they
also concluded that none of the extremity injury
scales could predict functional outcome.

22.3.4 Lower-Extremity Injury-
Severity Scales and Scores:
Summary

Whenever evaluating patients and deciding upon
optimal care for their injured limb, due caution
should be exercised when interpreting the lower-
extremity injury-severity scales. This holds true
with both initial management and extrapolating
ultimate functional outcomes with patients. It is
the author’s opinion that these lower-extremity
scoring systems should still play a role in the
management decisions for some patients but
should simply be used as one data point among
many in the complex processes surrounding the
care of the high-energy trauma patient.

22.3.5 Outcomes in Patients
Undergoing Limb Salvage or
Amputation for Limb-
Threatening Injuries

In 2002, Bosse et al. [21] and LEAP study group
published their initial report on a prospective
cohort of 569 patients that had sustained high-
energy lower-extremity trauma from March 1994
to June 1997. The patients in this study had either
undergone limb salvage or amputation and were
followed prospectively for 24 months and then
reported on again at 7-year follow-up [20].

The initial report demonstrated that patients
had similar functional outcomes regardless of
whether they underwent limb reconstruction/sal-
vage or amputation. The results also indicated that
although the outcomes were similar, both groups
had substantial levels of disability, and only half
had returned to work at 2 years post-injury.
Indeed, patients in both groups were able to show
significant improvement over the study period,
but an important overreaching finding of the study
was the profound disability and persistently low
psychosocial-functioning subscale [54, 56].
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Table 22.9 The Nerve Injury, Ischemia, Soft-Tissue Injury, Skeletal, Shock, and Age of Patient Score [49]

Type of injury Degree of injury Points Description
Nerve injury (N) Sensate 0 No major nerve injury
Dorsal 1 Deep or superficial peroneal nerve femoral nerve*
Plantar partial 2 Tibial nerve injury*
Plantar complete 3 Sciatic nerve injury®
Ischemia () None 0 Good to fair pulses, no ischemia
Mild 1° Reduced pulses, perfusion normal
Moderate 20 No pulse(s), prolonged capillary refill, Doppler pulses present
Severe 3° Pulseless, cool, ischemic, no Doppler pulses
Soft tissue/ Low 0 Minimal to no ST contusion, no contamination [Gustilo Type I] [89]
contamination (S)  Medium 1 Moderate ST injury, low-velocity GSW, moderate contamination,
minimal crush [Gustilo Type II] [89]
High 2 Moderate crush, deglove, high-velocity GSW, moderate ST injury
may require soft-tissue flap, considerable contamination [Gustilo
Type IIIA] [90]
Severe 3 Massive crush, farm injury, severe deglove, severe contamination,
requires soft-tissue flap [Gustilo Type II1IB] [90]
Skeletal (S) Low energy 0 Spiral fractures, oblique fracture, no or minimal displacement
[Winquist and Hansen Type I, Johner and Wruhs A;, A,] [91, 92]
Medium energy | Transverse fracture, minimal comminution, small-caliber GSW
[Winquist and Hansen Type II, Johner and Wruhs A;, B,] [91, 92]
High energy 2 Moderate displacement, moderate comminution, high-velocity
GSW, butterfly fragment(s) [Winquist and Hansen Types [II-1V,
Johner and Wruhs B, B, B;] [91, 92]
Severe energy 3 Segmental, severe comminution, bony loss [Winquist and Hansen
Type IV, Johner and Wruhs C;, C,, C;] [91, 92]
Shock (S) Normotensive 0 Blood pressure normal, always >90 mmHg systolic
Transient 1 Transient hypotension in field or emergency center
hypotension
Persistent 2 Persistent hypotension despite fluids
hypotension
Age (A) Young 0 <30 years
Middle 1 30-50 years
Old 2 >50 years

Total score

(N+I+S+S+S+A)
ST Soft Tissue, GSW Gunshot wound

aNerve injury as assessed primarily in the emergency room

Score doubles with ischemia > 6 hours

This study was also able to enlighten sur-
geons on particular factors not related to the
injury itself that may predispose some trauma
patients to a poorer or less than optimal outcome.
These included a lower level of education, pov-
erty, lack of private health insurance, smoking,
and involvement with disability-compensation
litigation [21]. The elucidation of these factors
provides areas for treatment teams to intervene
and assist patients in achieving a better out-
come. We advocate for the early involvement

and intervention by psychosocial and vocational
rehabilitation specialists. Their function in the
patient’s recovery we believe is imperative and a
key component for a better functional outcome.
With their expertise, they can directly address the
variables listed above and change or even prevent
adverse outcomes.

In addition to the listed factors above, self-
efficacy and an involved social support network
are important determinants of outcome and
should be emphasized in rehabilitation [57-59].
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Table 22.10 Independent analyses of lower-extremity injury-severity scales®

MESS PSI
Bosse et al. [45]
Sensitivity 0.45 0.47
Specificity 0.93 0.84
Bonanni et al. [33]
Sensitivity 0.22 0.33
Specificity 0.53 0.70
Durham et al. [46]
Sensitivity 0.79 0.96
Specificity 0.83 0.50
Dagum et al. [31]
Sensitivity 0.40 0.60
Specificity 0.89 0.94

“Evaluating Gustilo-Anderson type III fractures including

The orthopedic surgeon evaluating this patient in
the outpatient setting can be instrumental in this
area and help empower the social support network
to assist the patient through both the difficult
physical and mental recoveries. The orthopedist
is also likely the only clinician who can help
determine the activity level of the patient in the
postoperative time frame and, with this knowl-
edge and assistance from the social workers and
disability specialists, can help make vocational
retraining possible. Both of the above functions
should help facilitate the patient’s return to work
as excessive delay in this area could potentially
lead to poorer outcomes [60, 61].

Longer-term follow-up on the LEAP patient
cohort was published at 7 years post-injury [20].
Perhaps unexpectedly, one-half of the patients in
the LEAP study remained “severely” disabled
and one-quarter were “very severely” disabled
[54, 55]. Only one-third of the patients had out-
come scores similar to the general population. As
found in the initial LEAP 2-year results, there
were no significant differences identified among
limb-salvage and amputation groups. This fol-
low-up study confirmed and added other factors
that were found to be predictive of poor outcomes
in the LEAP patient cohort: older age, female
gender, nonwhite race, lower education level, liv-
ing in a poor household, current or previous
smoking history [62], low self-efficacy, poor self-
reported health status before the injury, and
involvement with the legal system in an effort to

LSI NISSSA HES-97
0.51

0.97

0.33
0.98

0.37
0.98

0.61
0.43

0.83
0.83

0.60
0.83

immediate amputations

obtain disability payments. Conclusions drawn
from this study warrant attention from treatment
teams and do not necessarily involve the acute
surgical management of this traumatized popula-
tion. The optimization of recovery in these
patients should emphasize the involvement of
professionals who can address certain areas of
recovery beyond the operating theater, namely,
job retraining, intensive rehabilitative therapy,
and education [63-65]. Furthermore, educating
patients and their families on realistic and typical
expected outcomes is important, as many patients
will foster unrealistic expectations. The presence
and mental fixation on these unrealistic expecta-
tions may predispose patients to poorer outcomes
and generalized dissatisfaction with their condi-
tion and care [20, 60, 61].

22.3.6 Outcomes of the Mangled
Foot and Ankle

A specific subset of patients within the LEAP
study that underwent limb salvage with mangled
foot and ankle trauma was recently reported upon
[66]. This cohort included 174 patients with
severely injured foot or hindfoot injuries. The
spectrum of injuries included mostly complex
foot trauma and tibial pilon fractures. Salvage
was undertaken in 116 patients and 58 had an
immediate BKA. Assessed outcomes included
primarily the Sickness Impact Profile, walking
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speed, rehospitalizations related to injury com-
plications, time to full weightbearing, visual ana-
log pain scale, and return to work. At 2-year
follow-up, the authors found that the limb-
salvage group, those that had free tissue transfers
and/or ankle fusions, had significantly poorer
outcomes than the standard BKA group with
standard skin flap design closure. This relation-
ship was not found with standard soft-tissue cov-
erage in the salvage group, which highlights the
priority of careful soft-tissue management, spe-
cifically that around the vulnerable heel pad [67].
The greatest deficit identified in these study
groups revolved around the psychosocial aspect
of the limb-salvage group. This demonstrates, as
shown in the LEAP study as well, the immense
psychological toll these injuries exhibit upon
patients during their recovery and onwards.

Another recent study reviewed the outcome of
63 military service members with 89 mangled
lower limbs resulting from blast injuries sus-
tained in a combat environment [68]. This study,
along with that of Ellington et al. [66], showed
that open fractures of the hindfoot were associ-
ated with higher rates of amputation, 29 % in this
study with six of those conducted for chronic
pain 18 months following the injury. The authors
also noted higher rates of amputation when the
trauma was associated with a vascular injury. At
final follow-up, 74 % of the injured limbs still
had persisting pain and disability related to
injury. Only 14 % of the service members were
ultimately fit to return to their preinjury duties.

Adding to the mangled lower-extremity data
set from a combat theater, 90 % of patients in
another study (91 of 102 patients) sustained open
calcaneal fractures [69] from a blast-type mecha-
nism. With an average of 4 years follow-up, 42 %
of this cohort went on to amputation. Fifteen per-
cent of these were done in a delayed fashion. This
study highlighted several factors predictive of
eventual amputation: blast-type mechanism,
plantar wound location and size, and escalating
Gustilo-Anderson classification type. It is also
quite interesting to note that the authors reported
statistically significant lower visual analog scores
(2.1 compared to 4.0) in the amputation group
than the limb-salvage group.

22.3.7 Complications
in the Treatment of Severe
Lower-Extremity Trauma

The management of limb-threatening trauma is
challenging and complications can be significant.
Harris et al. [70] reported that among the 149
amputations performed among the LEAP
patients, there was a 5.4 % amputation revision
rate. There was an overall 24 % complication rate
with most of these being reported at 3 months
post-injury. The most common complications
were wound infection (34 %) followed by wound
dehiscence (13 %). In the 371 limb-salvage
patients, 3.9 % required a late amputation, which
was defined as a limb undergoing amputation
after the initial hospitalization. Most complica-
tions were noted at 6 months post-injury and
included a total of 37.7 % of this group. Again,
the most common complication noted was wound
infection (23.2 %). The complications of osteo-
myelitis and nonunions were, not surprisingly,
seen predominantly in the salvage group and
entailed 8.6 % and 31 %, respectively.

Soft-tissue coverage associated with limb sal-
vage and reconstruction is also associated with
significant complications and has been reported
to occur in 53 % of flap procedures within the
LEAP patient cohort. Operative intervention was
required in 87 % of these patients [71].
Rehospitalization, often a setback in recovery,
occurred in one-third of LEAP study patients and
involved the limb-salvage/reconstruction group
more than the amputation group.

When complications become unsalvage-
able or limb-salvage techniques fail for various
reasons, some patients may opt for an elective
amputation rather than proceed with further
efforts. Choosing an elective amputation in this
situation is a particularly sensitive issue and
certainly one of the most difficult decisions to
make for the patient. The time already invested
in recovery and the lure of anticipated functional
gain can make this decision all the more chal-
lenging. Quon et al. [72] reviewed a small cohort
of patients undergoing elective amputations for
a functionally impaired lower limb that lim-
ited those patients’ ability to do their everyday
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activities. They identified three key factors in
their patients’ decisions: pain, function, and
participation. While the study subjects voiced
differing reasons within these categories, basic
tenets of the study related to patients feeling the
leg was potentially holding them back and that
amputating the leg may afford them decreased
pain, improved function with daily activities,
and future participation in hobbies or activities
they were previously forced to give up due to the
trauma.

Complications in the management of this
severely injured group of patients are sadly
unavoidable. It is in our and our patients best
interest to understand the nature of the complica-
tions and how then to best avoid them. From the
initial evaluation and subsequent follow-up of
these patients, treatment teams should not under-
estimate the difficult nature of the recovery pro-
cess and the potential for complications and
secondary procedures. Further, a future area of
research may be warranted with investigation
into when salvage efforts have stalled and patients
may be better suited with an elective amputation
over continued salvage techniques. As clinicians
we have a duty to inform patients on all treatment
options, and perhaps early involvement of an
amputation team may help some patients opt for
an earlier amputation rather than struggle with
the ostensibly successful limb salvage with an
unpredictable recovery.

22.3.8 Psychological Distress
in Patients with Severely
Injured Lower Extremities

Accompanying the significant challenges with
physical recovery and impairment is an often
underappreciated source of morbidity with ortho-
pedic trauma patients — psychological distress
and mental illness [73, 74]. This is especially evi-
dent in the high-energy lower-extremity trauma
patient where limb salvage and amputations are
being debated and subsequent recoveries man-
aged. During the course of the LEAP study,
patients were evaluated for psychological distress
[75] utilizing the Brief Symptom Inventory [76, 77].
At 2 years post-injury, 42 % of the patients

screened positive for a psychological disorder,
yet only 22 % had reported receiving any mental
health services. Almost 20 % of the study group
reported severe phobic anxiety and/or depres-
sion. The authors of the study were able to iden-
tify factors that were likely to be associated with
patients that had psychological distress. These
included poorer physical function, younger age,
nonwhite race, poverty, a likely drinking prob-
lem, neuroticism, a poor sense of self-efficacy,
and limited social support. Interestingly, some of
these same factors have been attributed to chronic
pain syndromes which could certainly exacerbate
any coexisting psychological distress these
patients may be suffering from [78].

Another study utilizing the LEAP study par-
ticipants worked to characterize the relationships
between pain, psychological distress, and physi-
cal function in the early and later stages of recov-
ery [79]. They reported that the presence of
depression and anxiety, at any detectable level,
led to decreased levels of function during recov-
ery after injury. Complimenting this data set, a
study by Castillo et al. [80] showed that during
the early phases of recovery, levels of pain were
able to predict corresponding levels of anxiety
and depression symptoms. Stronger relationships
were seen with anxiety and pain throughout the
recovery stages. Based upon these and other
studies, it is quite clear that the patient with
severe lower-extremity trauma would benefit sig-
nificantly from interventions specifically aimed
at decreasing negative emotions, especially anxi-
ety, in the recovery period.

As emphasized previously, the orthopedic sur-
geon is most likely going to be the primary coor-
dinator of care with these patients in the
postoperative period during their lengthy func-
tional recoveries. Along with recognizing the
physical dysfunction and instituting appropriate
referrals for therapy and job retraining, the treat-
ing surgeon must also be astute enough to evalu-
ate and screen these traumatized patients for
psychological distress. If mental distress is sus-
pected or identified, appropriate consultation or
referral should be initiated to a provider trained
in this area. Furthermore, by understanding and
recognizing potential risk factors for psychologi-
cal distress and thus poorer outcomes with this
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patent population (i.e., drinking problems, poor
social support network, or poor self-efficacy),
prophylactic referrals can be made early in the
patient’s recovery. Ultimately, for patients to be
given the best chance for the most favorable out-
come, the physical and psychological needs of
this population should to be addressed simultane-
ously [75]. Adding directed therapy toward these
areas could prove to decrease acute pain associ-
ated with recovery and improve overall func-
tional gains.

22.3.9 Societal Costs Associated
with Limb Salvage
and Amputation

An argument we have heard and understand is
that of the cost of limb salvage and its toll on
society in comparison to a “quick amputation and
be done with it” attitude... “let the patient get on
with their life.” The cost burden of the limb-
salvage and amputation debate was recently
reported [2], and the results directly counter what
many have argued in the past. At 2 years of fol-
low-up, both groups had essentially the same
healthcare costs. However, projected lifetime
costs were $509,000 for amputees and $163,000
for limb-salvage patients (2002 US dollar fig-
ures) — over a threefold difference. The differ-
ence was mainly attributed to the repair and
replacement costs associated with prostheses for
the amputation population, which had an esti-
mated 40—45 years of life remaining. In regard to
complications, they found a 46 % increase in
costs if patients had required a rehospitalization —
a finding that underscores the importance of cli-
nicians having a solid understanding of risk
factors for both complications and poorer
outcomes.

22.4 The Open Fracture
with Severe Nerve Injury

The management of severe limb-threatening
injuries is challenging and often requires dif-
ficult decisions to be made acutely. Predicting
the outcome of patients with this type of trauma

(Table 22.2) has proved challenging, and the util-
ity of limb-salvage predictive scores has been
shown to be limited. A repetitive and concerning
theme in the scientific literature surrounding limb
salvage and amputation is the severe open fracture
with associated nerve injury and purported poor
results of 60—100 % disability with this type of
injury [81-83]. This scenario represents a unique
conundrum in the decision-making process.

The loss of foot plantar sensation has been
ingrained into the trauma surgeon’s psyche as a
major, if not sometimes the primary predictor of
acute amputation. In fact, MacKenzie et al. [44]
showed that nearly 40 % of orthopedic surgeons
place nerve integrity and plantar sensation as the
primary determinant in the decision to amputate
or reconstruct (Table 22.3). Often, this decision is
made based on initial emergency room evaluation
even though this sometimes rudimentary exam
has been shown to be unpredictable [35]. The
influence of nerve integrity on the trauma com-
munity has been borne out by its direct and inde-
pendent inclusion into three of the major
limb-salvage prediction scales: the LSI, NISSSA,
and HFS (Tables 22.4, 22.6, 22.8, and 22.9).

The insensate foot was evaluated among 55
patient cohort of the LEAP study [84]. This group
presented to the emergency department with an
insensate foot and underwent either amputation
(26 patients) or limb salvage (29 patients). The
insensate-salvage group was also matched and
compared with a sensate-salvage group as a con-
trol group in the study. The authors identified
some interesting and important findings directly
impacting commonly held beliefs pertaining to
limb-salvage versus amputation debates and pre-
dicted outcomes. First and foremost, patients that
had absent plantar sensation demonstrated sub-
stantial impairment at final follow-up. However,
their outcomes were similar and appeared to be
unaffected whether undergoing amputation or
limb salvage. Second and perhaps most interest-
ing, the patients with the insensate foot on pre-
sentation that underwent limb salvage did not
have worse outcomes than the matched cohort
with intact sensation that underwent limb sal-
vage. This included no differences in final plantar
sensation or the need for late amputation. In fact,
67 % of the patients in the insensate foot group
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regained normal foot sensation over the study
period — a highlight that supports increased dili-
gence in treatment decisions utilizing emergency
department nerve exams. Ultimately, the 2-year
outcome of patients that had undergone limb sal-
vage with an insensate foot did not appear to be
influenced or adversely affected by the presence
or absence of plantar sensation [84].

More recently, Beltran et al. [85] reviewed 32
open type III tibia fractures with a total of 43
peripheral nerve injuries (peroneal or tibial) sus-
tained in a combat environment. Complimenting
the LEAP data, this study specifically investi-
gated nerve injuries sustained with high-energy
mechanisms such as seen in military combat.
With nearly 2-year follow-up, 89 % of injured
motor nerves were functional, and 93 % of sen-
sory nerve injuries were functional as well. Full
return of function was seen in 37 % of the motor
nerve injuries and in 25 % of sensory nerves. The
authors conclude that improvement can be
expected in 50 % of motor nerve injuries and in
27 % of sensory nerve injuries.

The decisions in these analyses and others are
often based upon emergency department evalua-
tion and not upon direct surgical observation. The
initial evaluation demonstrating a loss of plantar
sensation can easily be attributed to a transient
neurapraxia from compression or stretch and/
or temporary ischemia, which can be reversible.
Furthermore, in the combat situation, both blast
injuries and high-velocity gunshot wounds can
cause local tissue cavitation leading to nerve dys-
function. The intraoperative finding of complete
nerve transection or segmental neural element
loss could be suggestive of an absolute indication
for primary limb amputation, especially in light
of associated vascular injuries or other severe
traumas. However, it is important to note that
often clinicians treat patients with insensate feet
in the clinical setting, namely, in the diabetic and
spinal cord injury patient populations [84]. In the
surgical suite, we do not advocate invasive surgi-
cal exploration of nerve structures in the lower
extremity when they are not already exposed sec-
ondary to the trauma itself. This practice is associ-
ated with unwarranted tissue damage and should
be avoided. With evidence to support return of

both motor and sensory functions including plan-
tar sensation during recovery, the reliance specif-
ically upon plantar sensation and nerve function
in general in the lower extremity during the initial
physical exam finding should be avoided in the
amputation decision-making process.

22,5 Summary

The high-energy lower-extremity trauma patient
presents many challenges to treatment teams. Past
literature has not been overly supportive of limb
salvage and often makes the point that early ampu-
tation is advantageous to save patients from
lengthy suffering [15, 17]. However, as technol-
ogy and surgical concepts have evolved, so have
our abilities to salvage limbs previously thought to
be candidates only for amputation. These salvaged
limbs, although demonstrating generally poor out-
comes, have been shown to have equivalent results
to limbs treated with primary amputation [20-22]
and entail an equivalent of 2-year healthcare costs
and substantial savings over the long term.

Often, given the option of limb salvage or
amputation, most patients opt to save their
extremity rather than undergo an amputation.
While data presented here and in the LEAP data
show equivalent results among the salvage/ampu-
tation groups, it should be noted that most of the
data were derived from care patients had received
at Level I trauma centers. It has been argued that
these centers, with their experienced trauma staff,
may impart different outcomes than patients
treated elsewhere [86].

We believe that limb salvage is a reasonable
goal for clinicians and patients at experienced
Level I trauma centers. The LEAP data and other
studies present sufficient evidence to support this
conclusion. The early involvement of post-acute-
care services, such as therapists, rehabilitation
specialists, psychologists, and many others, is
imperative for the optimization of patient out-
comes and potentially holds the highest value in
recovery efforts. Diligence, thoughtful care, and
presenting realistic expectations will allow these
traumatized patients to achieve their best recov-
ery and functional outcomes.
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