
 

1924

 

·

 

N Engl J Med, Vol. 347, No. 24

 

·

 

December 12, 2002

 

·

 

www.nejm.org

 

The New England Journal  of  Medicine

 

AN ANALYSIS OF OUTCOMES OF RECONSTRUCTION OR AMPUTATION 
OF LEG-THREATENING INJURIES

 

M

 

ICHAEL

 

 J. B

 

OSSE

 

, M.D., E

 

LLEN

 

 J. M

 

AC

 

K

 

ENZIE

 

, P

 

H

 

.D., J

 

AMES

 

 F. K

 

ELLAM

 

, M.D., A

 

NDREW

 

 R. B

 

URGESS

 

, M.D., 
L

 

AWRENCE

 

 X. W

 

EBB

 

, M.D., M

 

ARC

 

 F. S

 

WIONTKOWSKI

 

, M.D., R

 

OY

 

 W. S

 

ANDERS

 

, M.D., A

 

LAN

 

 L. J

 

ONES

 

, M.D., 
M

 

ARK

 

 P. M

 

C

 

A

 

NDREW

 

, M.D., B

 

RENDAN

 

 M. P

 

ATTERSON

 

, M.D., M

 

ELISSA

 

 L. M

 

C

 

C

 

ARTHY

 

, S

 

C

 

.D., T

 

HOMAS

 

 G. T

 

RAVISON

 

, P

 

H

 

.D., 

 

AND

 

 R

 

ENAN

 

 C. C

 

ASTILLO

 

, M.S.

 

A

 

BSTRACT

 

Background

 

Limb salvage for severe trauma has
replaced amputation as the primary treatment in many
trauma centers. However, long-term outcomes after
limb reconstruction or amputation have not been fully
evaluated.

 

Methods

 

We performed a multicenter, prospective,
observational study to determine the functional out-
comes of 569 patients with severe leg injuries result-
ing in reconstruction or amputation. The principal out-
come measure was the Sickness Impact Profile, a
multidimensional measure of self-reported health sta-
tus (scores range from 0 to 100; scores for the general
population average 2 to 3, and scores greater than 10
represent severe disability). Secondary outcomes in-
cluded limb status and the presence or absence of ma-
jor complications resulting in rehospitalization.

 

Results

 

At two years, there was no significant dif-
ference in scores for the Sickness Impact Profile be-
tween the amputation and reconstruction groups (12.6
vs. 11.8, P=0.53). After adjustment for the character-
istics of the patients and their injuries, patients who
underwent amputation had functional outcomes that
were similar to those of patients who underwent re-
construction. Predictors of a poorer score for the Sick-
ness Impact Profile included rehospitalization for a
major complication, a low educational level, nonwhite
race, poverty, lack of private health insurance, poor
social-support network, low self-efficacy (the patient’s
confidence in being able to resume life activities),
smoking, and involvement in disability-compensation
litigation. Patients who underwent reconstruction were
more likely to be rehospitalized than those who un-
derwent amputation (47.6 percent vs. 33.9 percent,
P=0.002). Similar proportions of patients who under-
went amputation and patients who underwent recon-
struction had returned to work by two years (53.0 per-
cent and 49.4 percent, respectively).

 

Conclusions

 

Patients with limbs at high risk for am-
putation can be advised that reconstruction typically
results in two-year outcomes equivalent to those of
amputation. (N Engl J Med 2002;347:1924-31.)
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EDICAL and surgical advances of the
past two decades have improved the abil-
ity to reconstruct severely injured legs.

 

1-3

 

Limbs that once would have been am-
putated are now routinely managed with complex re-
construction protocols.

 

4,5

 

 Because most studies evalu-
ating reconstruction have been small and retrospective,
the results are not definitive.

 

2,3,6,7

 

 Although the results
are contradictory, some investigators have suggested
that functional outcome is often poorer after suc-
cessful limb reconstruction than after treatment with
early amputation and a good prosthesis.

 

4,6-9

 

 We per-
formed a prospective observational study comparing
functional outcomes of a large cohort of patients from
eight level I trauma centers who underwent recon-
struction or amputation. Our hypothesis was that af-
ter adjustment for the severity of the limb injury, the
presence and severity of other injuries, and other char-
acteristics of patients, those undergoing amputation
would have better outcomes than those undergoing
reconstruction.

 

METHODS

 

Study Population

 

Patients 16 to 69 years old who were admitted to eight level I
trauma centers for the treatment of high-energy trauma below the
distal femur were eligible.

 

10

 

 High-energy trauma was defined as
complicated fractures (Gustilo grade IIIB and IIIC fractures

 

11

 

 and
selected grade IIIA fractures), dysvascular limbs (knee dislocations,
closed fractures of the tibia, or penetrating wounds with vascular
injury), major soft-tissue injuries (degloving or severe crush or avul-
sion injury), and severe foot and ankle injuries (Gustilo grade IIIB
ankle fractures, all grade III intraarticular fractures of the distal tib-
ia [pilon],

 

11

 

 and severe hind or midfoot injuries). (The specific types
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of fractures are defined in Supplementary Appendix 1, available
with the full text of this article at http://www.nejm.org.) Excluded
were patients with a score on the Glasgow Coma Scale of less than
15, indicating some impairment in consciousness, 21 days after hos-
pitalization or discharge

 

12

 

; patients with a spinal cord deficit, prior
amputation, or third-degree burns; patients who were transferred
more than 24 hours after the injury; patients who did not speak
English or Spanish; patients with a documented psychiatric disor-
der; and patients who were on active military duty. We enrolled 601
patients between March 1994 and June 1997. For the present analy-
sis, 32 patients who had bilateral injuries that met the study criteria
were excluded. An additional 24 patients were excluded owing to
a lack of follow-up (i.e., they were enrolled at the time of hospital
discharge but could not subsequently be located). Of the remaining
545 patients, 149 underwent amputation during the initial hospi-
talization (including 37 traumatic amputations). After the initial
hospital discharge, 25 additional patients underwent amputation:
12 by three months, 6 by six months, and 7 after six months. Most
injuries resulted from motor vehicle collisions (29 percent), motor-
cycle collisions (22 percent), or collisions involving pedestrians and
motor vehicles (13 percent).

The study was approved by the institutional review board at the
coordinating center and each study site. Written informed consent
was obtained from all study participants.

 

Procedures

 

The patients were evaluated at base line (before hospital dis-
charge) and 3, 6, 12, and 24 months after the injury. At each point,
patients were evaluated by an orthopedic surgeon to ascertain limb
status and the presence or absence of complications, by a physical
therapist to evaluate the extent of impairment, and by a research
nurse to assess the patients’ perception of functional outcome. Of
the 545 patients, 502 (92.1 percent) were evaluated at 3 months,
503 (92.3 percent) at 6 months, 493 (90.5 percent) at 12 months,
and 460 (84.4 percent) at 24 months. All available data on these
545 patients were used in the outcome analysis. Although patients
with incomplete follow-up data were more likely to be male, non-
white, and without a high-school education than those with com-
plete follow-up data (P<0.05 for all comparisons), the rates of fol-
low-up did not differ significantly between the amputation group
and the reconstruction group.

Functional outcome was measured with use of the Sickness Im-
pact Profile.

 

13

 

 The Sickness Impact Profile is a multidimensional
measure of self-reported health status, consisting of 136 statements
about limitations in 12 categories of function: ambulation, mobility,
body care and movement, social interaction, alertness, emotional be-
havior, communication, sleep and rest, eating, work, home manage-
ment, and recreation. Respondents are asked to endorse statements
that describe their health status on a given day. Scores are comput-
ed for the overall instrument, for each of the 12 categories and
for 2 major dimensions of health (physical health, which reflects
limitations noted in the first 3 categories, and psychosocial health,
which reflects limitations noted in the second 3 categories). The
reliability and validity of the Sickness Impact Profile have been well
tested,

 

14

 

 especially with respect to the outcome after injury.

 

15

 

 The
overall scores can range from 0 to 100; scores greater than 10 rep-
resent severe disability, and differences in scores of 2 to 3 points re-
flect meaningful differences in function.

 

16 

 

Scores average between
2 and 3 points for the general population.

 

17

 

Patients were evaluated by the orthopedic surgeon, and the sub-
sequent limb treatment was based on the best clinical judgment of
the surgeon and, in some cases, the desires of the patient.

 

18

 

 Because
treatment assignments were not randomized, comparisons of out-
comes based on the Sickness Impact Profile were adjusted for po-
tential confounders, including the characteristics of the patients and
their injuries. The injuries were prospectively characterized accord-
ing to the type and extent of bony damage, the extent of soft-tissue
injury, and the initial pulse assessment and plantar sensation (Sup-

plementary Appendix 1). Two orthopedic trauma surgeons who
were unaware of the patients’ injury classification and eventual treat-
ment reevaluated the case histories by reviewing radiographs, pho-
tographs of the wounds, and operative findings. Forty-one (7.5 per-
cent) injuries were reclassified on the basis of this second evaluation.
Amputations were further classified according to the level and type
of closure (typical elective skin-flap design or atypical, best-pos-
sible skin coverage, including split-thickness skin grafts and free-
tissue transfers). Associated injuries were classified with the use of
the Abbreviated Injury Scale,

 

19

 

 the Injury Severity Score,

 

20

 

 and two
scores on the Abbreviated Injury Scale denoting the maximal sever-
ity of nonstudy injuries to the contralateral and ipsilateral leg and
pelvis. Shock was defined by a systolic blood pressure lower than
90 mm Hg before the initiation of resuscitation.

 

21

 

 To account for
the effect of complications on recovery, a variable was constructed
to indicate rehospitalization for one or more of the following con-
ditions: late amputation or stump revision, fracture nonunion, hard-
ware failure, flap failure, wound infection, or osteomyelitis.

Data collected on the characteristics of the patients that were hy-
pothesized to influence the treatment assignment or outcome have
previously been described in detail.

 

10

 

 They included age; sex; race
or ethnic group; education; income level

 

22

 

 and insurance status
before the injury; work status, occupation,

 

23

 

 and physical demands
of the job before the injury

 

24

 

; personality characteristics, as meas-
ured by the Neuroticism, Extroversion, and Openness (NEO) Per-
sonality Inventory

 

25

 

; social support, measured with use of a mod-
ified version of the Inventory of Socially Supportive Behaviors,
which assesses a patient’s level of support in terms of tangible assis-
tance, directive guidance and emotional support

 

26,27

 

 and self-effi-
cacy

 

28

 

 (how confident patients were at the time of hospital discharge
in their ability to resume their chief life activities). Additional meas-
ures were self-rated health and the presence or absence of chronic
conditions before the injury; exercise, smoking, and drinking hab-
its before the injury

 

29,30

 

; and whether compensation was received
for the injury and legal services were retained.

 

31

 

Statistical Analysis

 

Longitudinal multivariate regression techniques were used to as-
sess associations between treatment and outcomes over a two-year
period, after adjustment for characteristics of the patients and their
injuries.

 

32

 

 Both additive and multiplicative regression models were
considered, but the multiplicative model was chosen because we
observed that although scores for the Sickness Impact Profile con-
tinually improved, the rate of this improvement declined over time.

Treatment was defined with the use of five categories: amputa-
tions above the knee, through the knee, below the knee, or of the
whole or partial foot and reconstruction. The 12 amputations that
occurred within the first three months after injury were classified
according to the site of the amputation. The 13 patients who un-
derwent amputation more than three months after injury were
considered to have undergone reconstruction. An analysis was per-
formed including and excluding these 13 patients. When included,
they were identified as having a major complication. The results of
both analyses were similar; therefore, the results presented reflect
the inclusion of these patients.

Because the number of variables describing the nature and ex-
tent of injuries was large, a summary score, indicating the likelihood
of undergoing amputation given a patient’s injury profile, was de-
rived with the use of logistic regression that modeled the decision
to amputate or reconstruct as a function of the characteristics of
the injury.

 

18

 

 Traumatic amputations (for which underlying charac-
teristics of the injury itself were not documented) were assigned
a summary score of 1. Multivariate models that included all char-
acteristics of the injury as separate covariates yielded results similar
to those obtained with the use of models that included the sum-
mary scores; therefore, results based on the more parsimonious
model, which used the summary score, are presented.

Stepwise modeling techniques were used to construct the final
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model, which included the treatment variables, the summary score,
the occurrence of a major complication resulting in rehospitaliza-
tion, and all characteristics of the patients that remained associated
with an outcome at a P value of less than 0.10. The extent to which
the effect of these variables on the outcome varied according to the
time since injury or to treatment was examined, and interaction
terms were incorporated where indicated.

 

RESULTS

 

There were no significant differences in sociodem-
ographic characteristics between patients who under-

went reconstruction and those who underwent ampu-
tation (Table 1). Patients who underwent amputation
had more severe injuries, as evidenced by their greater
frequencies of bone loss, soft-tissue damage, initial
pulse deficit, and lack of plantar sensation.

Table 2 summarizes the clinical status of patients
24 months after injury. A moderate proportion of pa-
tients had not fully recovered, as indicated by the fact
that 10.9 percent of patients who underwent recon-
struction had unhealed fractures, 3.9 percent of those

 

*Because of rounding, not all percentages sum to 100.

†The income level was estimated according to the method of Fisher.

 

22

 

‡Scores for the Injury Severity Score can range from 1 to 75, with scores of 17 or higher indicating severe injury.

 

20

 

§Hypotension was defined as a systolic blood pressure of 90 mm Hg or less before the initiation of resuscitation.

¶P<0.05 for the overall comparison between groups.

¿Patients with traumatic amputations were excluded from the analysis.

**Fracture of the tibia was based on the classification of Müller et al.

 

33

 

 and the Orthopaedic Trauma Association Committee for Coding and Classification.

 

34

 

††P<0.01 for the overall comparison between groups.

‡‡Contamination was defined according to the Hannover Fracture Scale.
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C

 

HARACTERISTIC
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ECONSTRUCTION

 

(N=384)
A

 

MPUTATION

 

(N=161) C

 

HARACTERISTIC

 

R

 

ECONSTRUCTION

 

(N=384)
A

 

MPUTATION

 

(N=161)

 

Age
»40 yr (%)
Mean (yr)

Male sex (%)
Self-reported race or ethnic group (%)

White
Black
Hispanic
Other

Education (%)
Some high school
High-school graduate
Some college

Household income as a percentage 
of federal poverty level (%)†

<125%
125–200%
>200%

Smoking history (%)
Never smoked
Former smoker
Current smoker

Alcohol consumption in mo before
admission (%)

Does not drink
0–12 drinks
13–50 drinks
>50 drinks

Health insurance (%)
None or public
Private

 

Overall injury

 

Injury Severity Score (%)‡
<13
13–17
>17

Ipsilateral-leg injury (%)
Contralateral-leg injury (%)
Hypotension (%)§¶

33.0
35.8
75.0

71.9
20.3
4.7
3.1

28.4
40.4
31.3

34.9
20.3
44.8

35.4
27.7
36.9

19.2
43.1
21.8
15.9

46.9
53.1

64.6
19.3
16.2
27.3
20.0
20.8

27.3
35.2
80.8

76.4
17.4
5.0
1.2

31.0
40.4
28.6

36.0
23.6
40.4

31.0
31.6
37.4

15.8
40.4
23.4
20.5

38.8
61.3

65.8
11.8
22.4
29.8
14.9
29.8

 

Study injury¿

 

Tibia fracture (%)**
None
Simple (AO type A)
Wedge (AO type B)
Complex (AO type C)

Open foot fracture (%)¶
Bone loss (%)††

None or mild
Moderate
Severe

Muscle injury (%)††
0 or 1 muscle group
Considerable muscle injury to 2 or more

groups or loss of 1 entire group
Compartment or crush syndrome

Moderate or severe deep-vein injury (%)††
Skin defect (%)

None
<

 

1

 

⁄

 

4

 

 Circumference of leg

 

1

 

⁄

 

4

 

–

 

1

 

⁄

 

2

 

 Circumference of leg
>

 

1

 

⁄

 

2

 

–

 

3

 

⁄

 

4

 

 Circumference of leg
>

 

3

 

⁄

 

4

 

 Circumference of leg
Contamination (%)†† ‡‡

None
Single — isolated foreign body
Multiple — >1 foreign body
Massive — foreign bodies too numerous

to count
Pulse absent at initial evaluation (%)††
Plantar sensation absent (%)††

45.3
10.9
40.4
3.4

12.8

30.0
53.6
16.4

51.8
36.2

12.0
2.6

15.6
35.9
33.1
12.0
3.4

39.8
27.2
26.0
7.0

12.0
6.8

49.1
0.6

25.5
24.8
21.0

20.2
44.4
35.4

15.3
33.9

50.8
33.3

7.3
16.1
27.4
29.0
20.2

23.4
21.0
38.6
17.0

53.2
50.0
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who underwent reconstruction and 9.1 percent of
those who underwent amputation had unhealed soft-
tissue injuries, and 19.1 percent of those who under-
went reconstruction and 5.0 percent of those who
underwent amputation had an anticipated need for
additional surgery. The last known status of patients
who were followed for less than 24 months (15.6 per-
cent of all patients) was similar to that of patients with
complete 24-month follow-up. There were no sig-
nificant differences between the treatment groups in
the percentage of patients with an unhealed fracture,
the percentage with an unhealed soft-tissue injury,
or the percentage requiring additional surgery. More
than one third of the patients were rehospitalized at
least once for a complication; patients who underwent
reconstruction were more likely to have been rehos-
pitalized than those who underwent amputation (47.6
percent vs. 33.9 percent, P=0.002).

Mean scores for the Sickness Impact Profile were
14.5 at 12 months and 12.0 at 24 months; at 24
months, 42.0 percent of the patients had scores great-
er than 10. There were no significant differences in
scores between the treatment groups (Table 3). Scores
for the work subscale were particularly high. At 24
months, 53.0 percent of the patients who underwent
amputation and 49.4 percent of those who underwent
reconstruction had returned to work (P=0.48). Ta-
ble 4 presents estimates of the magnitude of change

in scores associated with several covariates, including
amputations of various types (as compared with re-
construction). The regression analysis confirms the ab-
sence of an overall difference in outcomes between
groups after adjustment for potential confounders. Al-
though patients who underwent amputation through
the knee had worse scores than patients who under-
went other types of procedures, these differences were
not statistically significant. To underscore the similarity
in scores after amputation or reconstruction, mean ad-
justed scores (derived from the final regression mod-
el) are presented according to the type of treatment
in Table 5.

In multivariate analyses, factors that were significant
predictors of a poor outcome (as indicated by a high
Sickness Impact Profile score) included being rehos-
pitalized for a major complication, having less than
a high-school education, having a household income
below the federal poverty level, being nonwhite, hav-
ing no insurance or having Medicaid, having a poor
social-support network, having a low level of self-effi-
cacy (confidence in one’s ability to resume one’s chief
life activities), smoking, and involving the legal system
for injury compensation. Predictors of a poor outcome
were the same in both groups. The association be-
tween having private insurance and a disability, how-
ever, changed over time; private insurance was asso-
ciated with the greatest improvement in scores at 6 to

 

*NA denotes not applicable

†P values are for the comparison between the amputation group and the reconstruction group and were calculated with use of the chi-
square test or with Fisher’s exact test if the value in any cell was smaller than 5.

‡Only patients with fractures were included.

§Only patients with a soft-tissue injury who had a healed wound but who had a soft-tissue coverage that was tenuous, friable, or painful
were included.

¶P<0.05 for the comparison with the amputation group.

¿P<0.01 for the comparison with the amputation group.
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OF

 

 460 P
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VALUATED

 

 24 M

 

ONTHS

 

 

 

AFTER

 

 I

 

NJURY

 

.*

 

VARIABLE

AMPUTATION

(N=130) P VALUE† RECONSTRUCTION

ALL

(N=330)

GRADE IIIC
TIBIA

FRACTURE

(N=11)

GRADE IIIB
TIBIA

FRACTURE

(N=135)

DYSVASCULAR

LIMBS OR SOFT-
TISSUE INJURIES

(N=63)

SEVERE FOOT,
ANKLE, PILON

FRACTURES

(N=94)

GRADE IIIA 
TIBIA

FRACTURE

(N=27)

percent percent

Late amputation or stump 
revision

5.4 0.45 3.9 9.1 5.2 3.2 2.1 3.7

Fractures not healed‡ NA NA 10.9 12.5 13.0 6.9 11.0 4.4

Soft-tissue injury not healed§ 9.1 0.10 3.9 0.0 3.5 5.4 4.9 0.0

Additional surgery required 5.0 <0.001 19.1 30.0¶ 20.5¿ 10.2 25.3¿ 7.7

»1 Rehospitalizations
Any complication 33.9 0.002 47.6 45.5 57.0¿ 33.3 40.4 59.3¶
Osteomyelitis 3.1 0.02 9.4 27.3¿ 11.1¶ 4.8 5.3 18.5¿
Other infection 15.4 0.69 13.9 27.3 14.1 11.1 13.8 14.8
Nonunion NA NA 20.9 36.4 28.9 12.7 8.5 37.0
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12 months. The characteristics of the injury (accord-
ing to the summary score) were not significantly cor-
related with the outcomes measured by the Sickness
Impact Profile, nor was the presence or severity of oth-
er injuries to ipsilateral and contralateral limbs.

DISCUSSION

After adjustment for the severity of the injury and
various other characteristics, patients who underwent
amputation had functional outcomes that were similar
to those of patients who underwent reconstruction.
However, the levels of disability at two years were high
in both groups: more than 40 percent had a score
greater than 10 on the Sickness Impact Profile, reflect-
ing severe disability. Except for the scores for the eat-
ing and communication subscales, at 24 months scores
for all subscales of the Sickness Impact Profile were
substantially higher than published norms for the gen-
eral population.17 Only about half of all patients had
returned to work by 24 months. Except for the score
for the psychosocial-functioning subscale, there were
significant improvements in the scores over time in
both treatment groups. Poor psychosocial outcomes
after serious injuries have been reported by other in-
vestigators36,37 and may be associated with post-trau-
matic stress disorder.38,39

Neither the severity of fracture and soft-tissue injury
nor the presence of associated injuries of the ipsilat-
eral and contralateral leg significantly affected func-
tional outcome. This lack of association may be a re-

flection of the inclusion criteria, in that only patients
with the most severe limb injuries were included.
These injuries affected the patient’s ability to walk and
most likely masked the effect on functional outcome
of other injuries to the leg and foot. Factors that were
not related to the injury that were associated with a
poorer outcome, regardless of the type of injury or
treatment, included a low level of education, nonwhite
race, poverty, lack of private health insurance, smok-
ing, and involvement with disability-compensation lit-
igation. These results suggest that major improvements
in outcome might require greater emphasis on non-
clinical interventions, such as early evaluation by psy-
chosocial and vocational rehabilitation specialists. Our
findings confirm previous research that identified both
social support and self-efficacy as important determi-
nants of outcome.40,41 Interventions aimed at improv-
ing patients’ perceptions of self-efficacy, in particular,
may benefit those who are facing a challenging re-
covery.

The limitations of our study must be acknowledged.
Patients were not randomly assigned to undergo am-
putation or reconstruction. Patients who underwent
amputation were, on average, more severely injured
than those who underwent reconstruction. Although
an adjustment was made for these differences in the
multivariate analysis, the possibility of residual con-
founding cannot be ruled out. Although the overall
rates of follow-up exceeded 80 percent at 2 years, the
patients who were lost to follow-up (including 24 pa-

*Scores for the Sickness Impact Profile can range from 0 to 100; scores of more than 10 represent
severe disability. There were no significant differences between the groups at either time.

TABLE 3. SCORES FOR THE SICKNESS IMPACT PROFILE FOR 493 PATIENTS EVALUATED 
12 MONTHS AFTER INJURY AND 460 PATIENTS EVALUATED 24 MONTHS AFTER INJURY.*

CATEGORY SCORE AT 12 MONTHS SCORE AT 24 MONTHS

RECONSTRUCTION

(N=352)
AMPUTATION

(N=141)
RECONSTRUCTION

(N=330)
AMPUTATION

(N=130)

mean ±SD

Overall 14.6±12.7 14.1±12.1 11.8±11.6 12.6±11.8

Physical function
Ambulation
Mobility
Body care and movement

12.8±1.5
23.3±16.7
9.6±15.3
9.6±11.1

12.1±11.4
22.7±16.1
9.1±15.9
8.7±10.5

9.7±9.9
17.1±14.5
6.8±13.4
7.6±9.6

10.1±9.8
18.9±15.2
6.9±12.4
7.6±9.4

Psychosocial
Emotional behavior
Social interaction
Alertness behavior
Communication

11.9±16.2
14.9±20.5
14.4±19.5
11.7±22.0
4.1±12.3

12.0±15.2
15.2±21.8
13.9±19.0
12.8±19.9
4.0±10.2

10.3±14.9
13.5±19.4
11.3±18.0
11.2±20.9
4.0±11.4

11.1±15.4
15.4±21.3
12.9±19.5
11.1±21.0
3.4±8.2

Sleep and rest 20.3±22.3 17.2±19.5 16.6±21.1 17.6±20.9

Eating 1.7±4.5 1.5±3.8 1.4±4.1 1.7±5.0

Work 41.4±31.9 42.2±32.2 35.9±33.0 38.9±33.7

Household management 20.0±22.0 19.0±21.1 13.7±18.3 14.5±18.1

Recreation 26.7±22.0 25.2±22.0 21.9±21.2 22.4±20.1

The New England Journal of Medicine 
Downloaded from nejm.org on December 27, 2015. For personal use only. No other uses without permission. 

 Copyright © 2002 Massachusetts Medical Society. All rights reserved. 



OUTCOMES OF LEG RECONSTRUCTION OR AMPUTATION

N Engl J Med, Vol. 347, No. 24 · December 12, 2002 · www.nejm.org · 1929

tients for whom no follow-up data were available and
85 who were followed for less than 24 months) were
of lower socioeconomic status than those with com-
plete follow-up. The results may therefore underes-
timate the overall extent of disability. However, the
rate of loss to follow-up was similar in the two groups,
and all available data on the 545 patients who under-
went at least one follow-up evaluation were used in the
analysis. Also, the extent of healing of fractures and
soft-tissue wounds at 12 months was similar among
those with and those without subsequent follow-up
data at 24 months.

The generalizability of our results beyond level I
trauma centers is uncertain. The outcomes may have
been influenced by the expertise of physicians and
other caregivers. Finally, the results are based on out-
comes during the first two years after injury, a period

in which many patients have not yet completely recov-
ered. Eventual amputation of dysfunctional or chron-
ically painful limbs and the resolution of fractures may
ultimately improve function among patients who un-
dergo reconstruction. Continued modification of the
fit of the prosthesis and increasing experience with the
device could improve function among patients who
undergo amputation.42 Although not considered in
this study, the costs of treatment and rehabilitation
(including lifetime costs of prostheses) will also be im-
portant in guiding treatment decisions.

Contrary to our hypothesis, at two years, the out-
comes among patients who underwent reconstruction
were not significantly different from those among pa-
tients who underwent amputation. Thus, patients with
limb injuries that put them at high risk for amputation
can be advised that reconstruction typically results in

*These estimates are based on the results of a longitudinal regression model that included all these
covariates and indicate the percent increase or decrease in scores associated with a given characteristic,
as compared with the scores in the reference group. Estimates have been adjusted for the time since
injury and the summary score — the likelihood of amputation given the patient’s injury profile.

†P<0.05.

‡P<0.01.

§P<0.10.

¶Scores can range from 1 to 100, with higher scores indicating a greater degree of confidence in
the patient’s ability to resume his or her major life activities.

¿Scores can range from 1 to 100, with higher scores indicating more social support.

TABLE 4. ASSOCIATION BETWEEN CLINICAL AND DEMOGRAPHIC CHARACTERISTICS 
AND SCORES FOR THE SICKNESS IMPACT PROFILE.*

CHARACTERISTIC

OVERALL

SCORE

PHYSICAL-
FUNCTION

SCORE

PSYCHOSOCIAL-
FUNCTION

SCORE

percent difference

Treatment
Partial foot amputation (vs. reconstruction)
Amputation below the knee (vs. reconstruction)
Amputation through the knee (vs. reconstruction)
Amputation above the knee (vs. reconstruction)

15.0
2.0

20.1
¡7.6

7.2
1.7

26.3
¡3.6

17.0
¡2.0
32.0

¡22.0

Major complication (vs. no major complication) 14.7† 14.3† 15.0

Education
High-school graduate (vs. some college)
Less than high school (vs. some college)

8.7
19.4†

3.1
12.4

14.0
42.0‡

Income level at or below poverty level (vs. near or above 
poverty level)

12.3§ 10.7 29.0†

Nonwhite race (vs. white race) 34.0‡ 28.1‡ 47.0‡

No health insurance or public health insurance (vs. private)
0–3 mo after injury
4–6 mo after injury
7–12 mo after injury
13–24 mo after injury

¡2.9
9.5‡

21.9‡
10.6‡

¡5.4
6.5‡

18.4‡
4.3‡

3.6
13.1‡
21.2‡
0.4‡

Smoking status at base line
<10 Cigarettes/day (vs. not a current smoker)
»10 Cigarettes/day (vs. not a current smoker)

16.6†
24.1‡

16.2†
27.9†

17.0
36.0†

Self-efficacy (for each 1-point increase)¶ ¡0.6‡ ¡0.7‡ ¡0.7‡

Social support (for each 1-point increase)¿ ¡0.5‡ ¡0.4† ¡0.8‡

Lawyer hired (vs. no lawyer hired) 23.1‡ 17.7‡ 35.0‡
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two-year outcomes equivalent to those of amputation.
However, reconstruction is associated with a higher
risk of complications, additional surgeries, and rehos-
pitalization.
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