
Outcomes of Transmetatarsal Amputations
in Patients with Diabetes Mellitus
The purpose of this study was to report on the long-term outcomes of transmetatarsal amputations
secondary to sequelae of diabetes mellitus. We abstracted data from 35 diabetic patients receiving a
transmetatarsal amputation over a 6-month period in 1992. Patients were followed for a mean 15.1 ±
10.1 months. The results indicated that the most predictive factor determining higher level amputation
(transfemoral or transtibial) appeared to be the actual indication for surgery (90.0% ischemia versus
4.0% infection, X2

=' 21.7, odds ratio =' 220, 95% confidence interval =' 12.5-3885.0, P < 0.05). Those
with a diagnosis of infection without underlying critical ischemia were significantly more likely to heal at
the level of the foot. While all patients presenting for care had dramatically impaired nutritional values
and elevated glucose, albumin was significantly lower in SUbjectsreceiving a transfemoral or transtibial
revision. High-level amputees were also significantly less likely to have been prescribed depth-inlay
shoe gear prior to their amputation (48.0% vs. 10.0%, x2

=' 4.4, odds ratio =' 8.3, 95% confidence
interval = 1.0-75.7, P < 0.05). Those with a diagnosis of infection without underlying critical ischemia
were significantly more likely to heal at the level of the foot. Though revision rates are high, the success
rates are also high if that is defined as retaining the foot and providing a prosthesis-free normal gait.
(The Journal of Foot & Ankle Surgery 36(6):430-434, 1997)
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Diabetes mellitus is a common, indolent disease that
affects at least 14 million people in the United States (1).
Foot pathology is perhaps the most common complica
tion of diabetes mellitus. Up to 83% of all nontraumatic
lower-extremity amputations are associated with diabe
tes mellitus in the United States (2). Of all hospitaliza
tions associated with diabetes, one-quarter are due to
complications of the foot (3). Furthermore, while only
2.3% of patients requiring an amputation are admitted
from a long-term care facility, over 25% will be dis
charged to one (4). Clearly, attention must be drawn to
the complications associated with this disease because ,
as our population ages, the number of patients with
diabetes and commensurate diabetes-related complica
tions is likely to increase as well.

In an attempt to salvage the foot for ambulation,
partial amputation of the foot is often performed (5, 6).
The transmetatarsal amputation (TMA), described by
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McKittrick and colleagues, is a foot salvage procedure
for diabetics with infection and/or gangrene (5). The
literature discussing the survival of this procedure varies
widely. Healing rates range from 44% to 92% (5- 11).
The variability of the success of this amputation may be
due to bias in patient selection, healing potential, or
variations in how success was defined. The medical
literature discusses a variety of risk factors for ulceration
and amputation in individuals with diabetes mellitus (12,
13). Risk factors that were responsible for the initial
amputation are most likely still active. Foot deformity
and biomechanical abnormalities are exacerbated by
partial-foot amputation and have increased the risk
profile of many patients (14). The wide variability re
ported in reamputations in TMA patients may be due to
variations in patient selection.

Patients with amputations due primarily to periph
eral vascular disease may have a greater risk of
additional proximal amputations compared with am
putations that involve neuropathy and infection alone.
However, we have been unable to locate manuscripts
specifically addressing this topic. Furthermore, we
have , in general, identified a paucity of articles ad
dressing the long-term outcomes of diabetes-related
TMAs in the medical literature. Therefore, the pur
pose of this study was to report on the long-term



outcomes of TMAs secondary to sequelae of diabetes
mellitus.

Patients and Methods

We abstracted inpatient and outpatient medical
records for all amputations that were performed over
a six-month period in 1992 by the Podiatry Service of
the Department of Orthopaedics in order to identify
patients with TMAs. Twenty-three male and 12 female
diabetic patients receiving a TMA were identified
from records at the University Hospital, San Antonio,
TX. Criteria for inclusion required at least a one-year
follow-up period. The mean follow-up period was
15.1 ± 10.1 months. All patients were diagnosed with
diabetes mellitus utilizing World Health Organization
criteria (15). Subjects were classified with diabetes if
they were receiving treatment with oral hypoglycemic
agents or insulin, if they had a minimum of two fasting
glucose measurements greater than 140 mg./dl. or two
random glucose tests greater than 200 mg./dl. Patients
were excluded if their medical records were incom
plete or not available or if the amputation was due to
trauma.

The level and causal pathways of each amputation and
subsequent proximal reamputation were identified from
medical records. Time intervals between the initial am
putation and the subsequent dates of healing, ulceration,
and reamputation were calculated. The length of hospi
tal stay was determined from the discharge summary.
Shoe modifications were also identified before and after
each surgery as to whether corrections were made,
insoles were provided, or prescription shoes were pur
chased. Ulceration and reamputation were noted on
both the affected and contralateral limbs. The diagnosis
of peripheral vascular disease was confirmed in all cases
by the Vascular Surgery Service using criteria that has
been previously described (16). This included an abso
lute toe pressure <45 mm. Hg. or an ankle brachial
index of < 0.80. A second reviewer verified all informa
tion. We defined a successful outcome as one in which
the patient retained their foot and were able to rehabil
itate to their preamputation activity level.

We used a Chi-squared test with 95% confidence
interval (CI) and odds ratio (OR) to compare the risk of
high-level (transfemoral or transtibial) amputation for
dichotomous variables. A Mann-Whitney U-test was
used to compare differences in continuous laboratory
variables between those who received high-level ampu
tations and those who did not . Values are expressed as
mean ± standard deviation. For all analyses, we used an
alpha level of 0.05 (17).

Results

Thirty-five patients with an average age of 54.7 ± 8.3
years and a range of 35 to 69 years were evaluated.
Sixty-six percent were males and 34% were females.
Eighty-three percent of the patients were Mexican
American, 11% were white, and 6% were African
American. All patients were diagnosed with type II
diabetes. The duration of diagnosed diabetes mellitus
was 14.6 ± 9.9 years with a range of 0 to 33 years. Five
patients (14.3%) were diagnosed with diabetes during
their amputation hospitalization. Descriptive data are
summarized for this population in Table 1.

The most common etiologies of the initial TMA
identified from medical records included infection
(82.8%), peripheral neuropathy (94.3%), ulceration
(51.4%), open previous amputation (42.9%), peripheral
vascular disease (34.3%), gangrene (34.3%), wound
healing failure (14.3%), and prophylaxis secondary to
difficulty in shoeing (8.6%). However, 82.8% of the
cases involved a combination of these etiologies result
ing in several different causal pathways. Prior to ampu
tation , 20% of the patients had either a lower extremity
by-pass graft or angioplasty.

Twenty-five (71.4%) of the TMAs were left open in
the immediate postamputation period and 10 (28.6%)
were closed primarily. All 10 amputations that were
closed primarily were performed on patients with a
primary diagnosis of peripheral vascular disease. The
average length of hospital stay was 23.4 ± 20.3 days (see
Table 2). Thirty-seven percent of the patients healed
following their first surgery without revision or reampu
tation with a mean of 146.5 ± 47.7 days until return to
permanent prescription shoe gear. Sixty-three (n = 22)
percent of the patients underwent some type of revision
or reamputation of the affected limb. In most cases, this
involved revising the TMA to a more proximal trans
metatarsal level. Over two-thirds of patients (68.6%)
ultimately healed successfully at the transmetatarsal
level. Ten required more proximal amputations (28.6%);
nine were below-the-knee amputations and one was an
above-the-knee amputation. Patients with an etiology
including ischemia were far more likely to require a
high-level (below knee or above knee) amputation
(90.0% VS. 4.0%, XZ = 21.7, OR = 220, 95% CI =
12.5-3885.0, P < 0.05). High-level amputees were also
significantly less likely to have been prescribed depth
inlay shoe gear prior to their amputation (48.0% VS.

10.0%, XZ = 4.4, OR = 8.3,95% CI = 1.0-75.7, P <
0.05). High-level amputees had a significantly lower
admission albumin level than patients who healed at the
transmetatarsal level (2.3 ± 0.40 VS. 2.8 ± 0.65 mg./dl.,
p < 0.05). There was not a significant difference between
admission values of white blood cell count, blood gIu-
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cose, hemoglobin, or total lymphocyte count between
the high-level amputees and patients who healed at the
level of the foot.

We also evaluated ipsilateral and contralateral reul
ceration among patients with TMAs during the fol
low-up period. Six (24.0%) transmetatarsal stumps ul
cerated during the follow-up period. However,
ulceration of the contralateral limb occurred in eight
patients (33.3%). Four of those (50%) contralateral
ulcerations subsequently went on to amputation.

Discussion

The TMA is a commonly performed procedure for
both limb-threatening infection and ischemia in diabetic
patients. Some physicians may still consider this a risky
procedure due to the low healing rates and high rates for
revision that are recorded in the literature. TMAs may
provide a better functional result when compared with
more proximal amputations. Friedmann stated that by
salvaging the foot at this level "gait is improved by
maintaining a foot lever arm" (18). Friedmann went on
to state that the TMA "preserves all but part of heel-off
and toe-off and lowers energy expenditure by smoothing
the path of the center of gravity during walking," when
compared with a more proximal amputation that must
function with a prosthesis.

The literature that discusses the survival rate of the
transmetatarsal amputee varies widely. Healing rates
range from 44% to 92% (18). Variations in how success
was defined may be the answer to why there is such a
large degree of variability in the reported rates of TMAs.
Some authors simply define "success" as closure of the
wound, re-epithelialization of the wound, or by deter
mining when the stump may be weightbearing. Many of
these defmitions do not report long-term results. We
defined success as a process in which the patient retains
his or her foot with complete re-epithelialization of the
wound and can ambulate without the use of a prosthesis.
Although 63% of our patients underwent some type of
revision or reamputation, three-quarters of patients
retained their foot for ambulation without the use of a
prosthetic. This is comparable to other reports in the
medical literature (5, 19).

Patient selection may also be important when review
ing the literature to identify the success of TMAs. While
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our cohort consisted exclusively of patients with type II
diabetes mellitus, much of the literature combines dia
betics with nondiabetics or type II diabetics with type I
diabetics. Therefore, it would be expected that our
healing rates would be lower compared with studies that
combined both records of those with and without diabe
tes mellitus.

While an amputation at a higher level often results in
more predictable healing, it is not without significant
cost. There is an increase in the energy expenditure
required for normal walking after a below-knee ampu
tation. Energy demands are increased even more dra
matically after above-knee amputation, which can aggra
vate the often already compromised cardiac and
pulmonary function present in many people with diabe
tes (20,21). Pinzur et al. and Walker and coworkers also
found that the metabolic demand after amputation is
increased with more proximal amputations. Walking
speed, on the other hand, decreases with more proximal
amputations (20, 22). Consequently, Walker suggested
that an amputation should be performed at the lowest
possible level. Additionally, following a high-level am
putation, contralateral amputation and mortality seem
to increase dramatically. Goldner (23) emphasized that
the contralateral leg of the diabetic amputee "shares the
fate of the first rather often and relatively soon." He
indicated that over two-thirds of contralateral limbs
would be ultimately amputated. Whitehouse and co
workers (24) acknowledged this fact, but also empha
sized the greater likelihood of a diabetic amputee losing
his life before losing his contralateral leg.

It has often been difficult to determine when a TMA
is an appropriate level of amputation and whether or not
healing will result for a given case. Identifying risk
factors has provided insights into establishing criteria for
amputation level selection. Pinzur et al. stated that the
ankle brachial index (ABI), when lower than a certain
minimum value (0.5 in patients with diabetes), should be
considered a significant risk factor (7). However, Ma
Ione and coworkers rejected the use of the ABI as a
predictor for amputation success, citing a lack of statis
tical reliability (25). This is due largely to the fact that
medial arterial calcinosis often renders falsely elevated
ankle pressures by making them less compliant to com
pression. These criteria are not set in stone and must be
further investigated. Clearly, however, TMAs performed
for the treatment of critical limb ischemia carries with it
a much poorer long-term prognosis than does a TMA
performed for nonischemic infection ablation.

It was interesting to note that subjects who had been
prescribed depth-inlay shoes at some point prior to their
amputation were significantly less likely to require a
below- or above-knee amputation. While clinical studies
by Uccioli and associates (26) and Chantelau et al (27)

suggest that the development of new ulcerations in
high-risk diabetics can be significantly decreased with
therapeutic footwear and insoles, we are unaware of any
study that has linked prescription shoe wear to a reduc
tion in high-level amputation. This association between
shoe gear and high-level amputation also may be due to
the fact that patients receiving depth-inlay shoes were
more likely to have received regular foot care than those
who did not. However, this question is more than
compelling enough to warrant further discussion and
investigation.

Previous studies have suggested that low albumin,
total lymphocyte count, and hemoglobin were good
indicators for amputation failure (28, 7). With the
exception of albumin levels, none of these factors pre
dicted the need for proximal amputation in this study. In
fact, both patients who retained their foot and those who
required a transfemoral or transtibial amputation had
very low values in all of these indices on hospital
admission.

In conclusion, the TMA has, and continues to be, a
successful level of amputation for retaining functional
activity in diabetic patients. In this population, the most
predictive factor determining higher level amputation
(transfemoral or transtibial) appeared to be the actual
indication for surgery. Those with a diagnosis of infec
tion without underlying critical ischemia were signifi
cantly more likely to heal at the level of the foot. While
all patients presenting for care had dramatically im
paired nutritional values and elevated glucose, albumin
was significantly lower in subjects receiving a transfemo
ral or transtibial revision. It also appears that prescrip
tion shoe gear (and the commensurate increased atten
tion provided to the foot) appears to reduce the risk for
patients receiving a high-level revision. Although revi
sion rates are high, success rates are also high if success
rate is defined as retaining one's foot and providing a
prosthesis-free normal gait.
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