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Limb-injury severity scores are designed to assess orthopaedic and vascular injuries. In 

Gustilo type-IIIA and type-IIIB injuries they have poor sensitivity and specificity to predict 

salvage or outcome.

We have designed a trauma score to grade the severity of injury to the covering tissues, 

the bones and the functional tissues, grading the three components from one to five. Seven 

comorbid conditions known to influence the management and prognosis have been given a 

score of two each. The score was validated in 109 consecutive open injuries of the tibia, 42 

type-IIIA and 67 type-IIIB. The total score was used to assess the possibilities of salvage and 

the outcome was measured by dividing the injuries into four groups according to their 

scores as follows: group I scored less than 5, group II 6 to 10, group III 11 to 15 and group IV 

16 or more. 

A score of 14 to indicate amputation had the highest sensitivity and specificity. Our 

trauma score compared favourably with the Mangled Extremity Severity score in sensitivity 

(98% and 99%), specificity (100% and 17%), positive predictive value (100% and 97.5%) and 

negative predictive value (70% and 50%), respectively. A receiver-operating characteristic 

curve constructed for 67 type-IIIB injuries to assess the efficiency of the scores to predict 

salvage, showed that the area under the curve for this score was better (0.988 (± 0.013 

 

SEM

 

)) 

than the Mangled Extremity Severity score (0.938 (± 0.039 

 

SEM

 

)). All limbs in group IV and 

one in group III underwent amputation. Of the salvaged limbs, there was a significant 

difference in the three groups for the requirement of a flap for wound cover, the time to 

union, the number of surgical procedures required, the total days as an in-patient and the 

incidence of deep infection (p < 0.001 for all). The individual scores for covering and 

functional tissues were also found to offer specific guidelines in the management of these 

complex injuries.

The scoring system was found to be simple in application and reliable in prognosis for 

both limb-salvage and outcome measures in type-IIIA and type-IIIB open injuries of the 

tibia.

 

The Gustilo-Anderson classification

 

1,2 

 

is the
most widely used means of assessing open inju-
ries, but it has many limitations.

 

3

 

 Following
the original classification; the type-III injuries
were further divided into type-IIIA to describe
adequate soft-tissue cover of the fracture
despite extensive skin loss, type-IIIB which
denoted extensive soft-tissue loss, periosteal
stripping and exposure of bone, and type-IIIC
which described an open fracture with an asso-
ciated arterial injury requiring repair.

 

3

 

 The def-
inition has since undergone many modifica-
tions and there is no uniformity in its descrip-
tion worldwide.

 

4-7

 

 Type-IIIB injuries, which
are the most challenging, have a wide spec-
trum. No guidelines can be drawn using the
classification for either management or prog-

nosis (Fig. 1). In type-IIIB injuries the skin,
muscles, nerves and bones are injured to vary-
ing degrees. Although the classification focuses
mainly on the soft-tissue injury,

 

4-6

 

 the extent of
the damage to the muscles and bones may be
under-represented and of such severity that it
influences the final outcome (Fig. 2). The clas-
sification is subjective and the inter-observer
agreement is also only moderate to poor,
highly case-dependent and varies with the
experience of the surgeon.

 

8,9

 

 There is a grow-
ing opinion that this classification is not an
adequate basis for making decisions for treat-
ment or for comparing published results.

 

3,7-11

 

The classification does not address the ques-
tion of salvage, but reconstruction of a severe
type-IIIB injury can be challenging. The many
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scoring systems

 

12-17

 

 available have been designed to assess
limbs with combined orthopaedic and vascular injuries and
have a low potential for prediction of amputation in type-
IIIB injuries.

 

18

 

 We therefore felt the need to develop a single
scoring system which was simple to use, had high inter-

observer reliability, a high sensitivity and specificity for sal-
vage and was able to predict the potential number of in-
patient days, the requirement for a flap, the number of
secondary procedures which would be required and the rate
of infection.

Fig. 1

Photographs of three injuries which are by defini-
tion Gustilo-Anderson type-IIIB. The management
and prognosis for the three injuries are completely
different.

Fig. 2a

Photograph (a) and radiographs (b and c) showing
that the complexity and duration of treatment of
type-IIIB injuries depends not only on the severity
of the soft-tissue injury but also on that of the bone
injury. In this case there was severe comminution
and a large bone defect after debridement. The
challenge in treatment will be to achieve bony
union rather than soft-tissue cover.

Fig. 2b Fig. 2c
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Patients and Methods

 

The study was performed in a tertiary trauma reference
centre where more than 300 open injuries of the lower
limbs are treated every year. It serves a population of five
million people and approximately 50% of the referred inju-
ries are type-IIIB. Of the 554 patients with open fractures
admitted between February 1999 and February 2001, 241
had open tibial injuries. Of these 42 had a type-IIIA and 67
type-IIIB injury and were followed up for a mean of 43
months (36 to 60). There were 107 males and two females
with a mean age of 34.97 years (6 to 73). The cause of
injury was a road-traffic accident in 87, an industrial acci-
dent in 11, a fall from a height in eight and farmyard inju-
ries in three. In 56 patients there were comorbid conditions,
one only in 41, two in 12 and three in three.

 

The design of the Ganga hospital score. 

 

The score was devel-
oped in 1994 and modified to its present form after three
clinical trials. One to five points are allocated, according to
the severity of injury, to each of the three components of the
limb: the covering tissues (skin and fascia), the skeleton
(bones and joints) and the functional tissues (muscles, ten-
dons and nerve units). Systemic factors which may influ-
ence treatment and outcome are given two points each and

the final score is arrived at by adding the individual scores
together (Table I). A score of one or two for any tissue indi-
cates that no special secondary procedures will be required
and the ultimate outcome will not be influenced adversely.
A score of three shows that some special procedure will be
required for healing of that tissue, but that a good func-
tional outcome can be achieved with appropriate manage-
ment. A score of four and above indicates that the injury
will require many operations, a prolonged stay in hospital,
expensive treatment, and could end with a poor functional
outcome.

 

Covering tissues (skin and fascia) 

 

(Fig. 3)

 

. 

 

Wounds without
skin loss which have an adequate soft-tissue bed and can be
approximated without tension after debridement are given
a score of one if they do not overlie the fracture and two if
they expose it. Wounds with primary skin loss or which
require extensive debridement of the skin due to friction
burns or degloving have a score of three if they are not over
the fracture site and four if they expose it. Wounds involv-
ing skin loss over the entire circumference of the limb have
a score of five.

 

Skeletal structures (bone and joints). 

 

Transverse or oblique
fractures or a butterfly fragment involving less than 50% of
the circumference have a score of one. The presence of a
large butterfly fragment involving more than 50% of the
circumference indicates a score of two and extensive com-
minution or segmental fractures without loss of bone a
score three. Primary or secondary loss of bone of less than
4 cm has a score of four and of more than 4 cm a score of
five.

 

Functional tissues (muscles, tendons and nerve units) 

 

(Fig.
4)

 

. 

 

Exposure of musculotendinous units of any size with
only partial direct damage of muscle units has a score of
one, a complete but repairable injury with no resultant loss
of function a score of two, and irreparable injury resulting
in partial loss of a compartment or a complete injury to the
posterior tibial nerve has a score of three. Extensive damage
of one entire compartment has a score of four and loss of
more than one compartment a score of five.

 

Comorbid factors. 

 

Factors which have a negative influence
on the management, either by increasing the anaesthetic
risk for major surgical procedures or the outcome in open
injuries, are each given a score of two (Table I). An interval
of more than 12 hours before debridement of the injury,
farmyard injuries or sewage or organic contamination, age
above 65 years, drug-dependent diabetes mellitus, the pres-
ence of cardiorespiratory diseases leading to an increased
anaesthetic risk, polytrauma involving chest and abdomi-
nal injuries with an Injury Severity Score

 

19

 

 > 25, fat embo-
lism, hypotension with a systolic pressure of less than 90
mmHg at presentation, a compartment syndrome or
another major injury to the same limb are each given a
score of two and the final score computed.

The scoring is assessed after debridement when the sever-
ity of injury to all components of the limb has been estab-
lished accurately.

Table I. The Ganga Hospital injury severity score

Score

Covering structures: skin and fascia

Wounds without skin loss
Not over the fracture 1
Exposing the fracture 2

Wounds with skin loss
Not over the fracture 3
Over the fracture 4

Circumferential wound with skin loss 5

Skeletal structures: bone and joints

Transverse/oblique fracture/ butterfly fragment < 50% 
circumference

1

Large butterfly fragment > 50% circumference 2
Comminution/segmental fractures without bone loss 3
Bone loss < 4 cm 4
Bone loss > 4 cm 5

Functional tissues: musculotendinous (MT) and nerve units

Partial injury to MT unit 1
Complete but repairable injury to MT units 2
Irreparable injury to MT units/partial loss of a compartment/
complete injury to posterior tibial nerve

3

Loss of one compartment of MT units 4
Loss of two or more compartments/subtotal amputation 5

Co-morbid conditions: add 2 points for each condition present

Injury - debridement interval > 12 hours
Sewage or organic contamination/farmyard injuries
Age > 65 years
Drug-dependent diabetes mellitus/cardiorespiratory diseases 
leading to increased anaesthetic risk
Polytrauma involving chest or abdomen with injury severity 
score > 25/fat embolism
Hypotension with systolic blood pressure < 90 mmHg at 
presentation
Another major injury to the same limb/compartment syndrome
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Fig. 3a

Scoring for covering tissues. Photographs showing a) score 1, wound without skin loss and not over the site of the fracture, b) score 2, wound without
skin loss but exposing the fracture site, c) score 3, wound with skin loss and not over the fracture site, d) score 4, wound with skin loss and over the
fracture site and e) score 5, circumferential wound with bone circumferentially exposed.

Fig. 3b Fig. 3c Fig. 3d Fig. 3e

Fig. 4a

Functional tissues score. Photographs showing a) score 1, partial injury to musculotendinous units, b) score 2, complete but repairable injury to mus-
culotendinous units, c) score 3, irreparable injury to musculotendinous units involving one or more muscles in a compartment or complete injury to
the posterior tibial nerve, d) score 4, loss of one entire compartment and e) score 5, loss of two or more compartments or subtotal amputation.

Fig. 4b Fig. 4c Fig. 4d Fig. 4e
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The total score is used to arrive at a threshold for ampu-
tation. This score is determined in order to provide a high
specificity so that a salvageable limb will never be ampu-
tated primarily. Outcome measures such as in-patient days,
the number of surgical procedures, the requirement for
flaps, time to bony union and the rate of infection are cor-
related by dividing the injuries into four groups: group I,
total score of 5 and below; group II, 6 to 10; group III, 11
to 15 and group IV, 16 and over.

 

Inclusion and exclusion criteria. 

 

All open injuries of the
tibia, irrespective of the site of the fracture and the age of
the patient, presenting within 24 hours after injury and
classifiable as Gustilo type-IIIA or type-IIIB injury were
included in the study. Patients who had a debridement or an
initial procedure at another hospital, complete traumatic
amputations, a vascular injury requiring a vascular recon-
structive procedure for viability or severe associated inju-
ries to the ankle and foot were excluded.

 

Statistical analysis. 

 

The ability of the Ganga hospital score
to predict salvage was compared with the Gustilo classifica-
tion and Mangled Extremity Severity Score by analysing the
sensitivity, specificity, positive predictive value and negative
predictive value of each. A Receiver Operating Characteris-
tic (ROC) curve was constructed and the area under the
curve was calculated for each of these scores to assess their
efficiency to predict salvage.

 

Results

 

The inter-observer agreement was measured by using the
intraclass correlation coefficient since it was more reliable
and applicable than kappa statistics for data which have
both scoring and groupings.

 

20,21

 

 A total of 25 injuries were
rated independently in the operating theatre by six observ-
ers; three were surgeons with more than ten years experi-
ence and three were resident trainees with less than two
years training who were knowledgeable about the scoring
system. The intraclass correlation coefficient for the Gustilo
classification was only 0.63 compared with 0.95 for the
covering tissue score, 0.98 for the functional tissue score,
0.99 for the bone score, 0.99 for the comorbidity score, and
0.97 for the total score and group classification. The differ-

ence between the intraclass correlation coefficient for the
Gustilo classification and for the Ganga hospital score was
statistically significant (p < 0.001). The Gustilo classifica-
tion was more dependent on the experience of the rater
with the intraclass correlation coefficient falling to only
0.39 among trainees.

 

Clinical applications. 

 

Following debridement in the 109
patients, the injuries were assessed and scored appropri-
ately for the Gustilo classification, the Mangled Extremity
Severity score

 

12

 

 and the Ganga hospital score by the con-
sultant performing the debridement. The 67 injuries classi-
fied as Gustilo type-IIIB were seen to include a wide scatter
in both the Ganga hospital score and the Mangled Extrem-
ity scores (Table II).

 

Salvage. 

 

The decision to amputate or undertake salvage
was taken independently by a consensus of the senior mem-
bers of the plastic and orthopaedic teams without any bias
or consideration of any score. Amputations were defined as
primary if they were performed during the initial procedure
and secondary if carried out at any time after this. Five
patients had a primary amputation and two were delayed
until secondary procedures had been undertaken (Table
III). Of the seven patients undergoing amputation, only
three had a Mangled Extremity Severity score of seven or
more. The other four had a score of less than seven, indicat-

Table III. Details of the seven limbs which required amputation, all of which were Gustilo type-IIIB

Ganga hospital score

Case Timing of amputation Reason for amputation Skin Bone MT* unit
Comorbid 
conditions score Total score MESS†

1 Primary Crush with bone loss 5 5 5 2 17 7
2 Primary Crush with bone loss 4 5 5 4 18 6
3 Secondary (after 6 days) Infection with extensive 

myonecrosis
4 5 5 4 18 7

4 Primary Crush with bone loss 5 5 5 2 17 6
5 Primary Crush with bone loss 4 5 4 2 15 9
6 Secondary (after 14 days) Flap failure 5 4 3 6 18 6
7 Primary Crush with bone loss 4 5 5 2 16 5

* MT, musculotendinous
† MESS, Mangled Extremity Severity score

Table II. The Gustilo type-IIIA and type-IIIB injuries were widely scattered
among the various groups of the Ganga hospital score (GHS) and the
Mangled Extremity Severity score (MESS) indicating that injuries of a
wide range of severity were clustered together in the Gustilo grade-III
classification

GHS MESS

Gustilo type Group
Number 
of injuries less than 6 7 or more

IIIA (n = 42) I 22
II 20
III   0
IV   0 42 0

IIIB (n = 67) I   1
II 31
III 29
IV   6 63 4
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ing the poor specificity of this score for predicting ampu-
tation in injuries without a vascular component. All injuries
requiring amputation had a Ganga hospital score of more
than 14 including the two that had secondary amputation,
both of which had a score of 18.

All the 99 patients with a score of 14 or below on the
Ganga hospital score had a salvage procedure. By contrast,
only two of the three patients with a score of 15, one of the
two with a score of 16 and none of the five with a score of
17 and above had salvage. As regards the Mangled Extrem-
ity Severity score, of the seven patients undergoing ampu-
tation, only three had a score of seven or more. One had a
score of five and the other three had a score of six. One
patient with a score of eight also had salvage.

Both patients who underwent secondary amputation had
a Ganga hospital score of 18 and a Mangled Extremity
Severity score of six and seven. Amputation was not
advised primarily because of the expectation of salvage.
One patient had a secondary amputation at one week
because of extensive secondary loss of soft tissues and avas-
cularity of muscle. The second patient had failure of a
latissimus dorsi free flap along with infection, which
prompted an amputation at the end of two weeks. In both,
the Ganga hospital score had a better predictive value
towards amputation that the Mangled Extremity Severity
score.

The sensitivity, specificity, positive predictive value and
negative predictive value were calculated for the Ganga
hospital score with a threshold score of 14 and for the
Mangled Extremity Severity score with a threshold score of
seven (Table IV). The sensitivity for the Ganga hospital
score and Mangled Extremity Severity scores was 98% and
99%, the specificity was 100% and 17%, the positive pre-
dictive value was 100% and 97.5% and the negative pre-
dictive value 70% and 50%, respectively. When
considering salvage, a high specificity is preferable to sensi-
tivity and the Ganga hospital score was found to be better
from this aspect than the Mangled Extremity Severity score.
The low specificity for the latter score is because of the
seven patients who underwent amputation, three had a
score of less than seven and another with a score of nine
also had successful salvage.

The sensitivity and specificity of the Ganga hospital score
for various scores were calculated (Table V). Giving em-
phasis to specificity over sensitivity an amputation thresh-
old score of 14 was determined so that no limb which could
ultimately be salvaged would be amputated unnecessarily.
All injuries with a score of 14 and below were salvaged and

with 17 and above were amputated. The scores of 15 and
16 constituted a ‘grey area’ where the decision to amputate
called for considerable experience.

A binary logistic regression analysis for salvage was done
with amputation as the dependent value and the Mangled
Extremity Severity score, the Ganga hospital score total
score and the Gustilo type as independent variables. Only
the Ganga hospital score significantly influenced amputa-
tion (p = 0.03); the Mangled Extremity Severity score and
Gustilo type were non-significant (p = 0.09 and p = 0.9,
respectively).

The ability of the Ganga hospital score to predict limb
salvage (as defined by the need for an amputation) was
compared with that of the Mangled Extremity Severity
score and the Gustilo classification, by constructing ROC
curves and calculating the area under these curves. A ROC
curve plots the sensitivity of an index by its false-positive
fraction (1-specificity) over the entire range of possible
scores.

 

22

 

 The sensitivity/specificity pair for any particular
decision threshold is represented by a point on the curve
and the performance of the score over the entire range of
possible decision thresholds is summarised by the area
under the curve by a single number. The advantage of ROC
is that it evaluates the ability of the score over the entire
range of decision thresholds and hence is a complement to
the measures of sensitivity and specificity. An area of 1.0
indicates a perfect ability to discriminate while an area of
0.5 indicates that the score performs no better than chance
in discriminating between groups. Areas under the curve of
less than 0.5 are considered to have poor discrimination;
those between 0.7 and 0.9, with moderately good discrim-
ination; and values greater than 0.9, excellent discrimina-
tion.

 

23-25

 

 The area under the curve for Ganga hospital score
was 0.998 (

 

�

 

 0.002 

 

SEM

 

) and Mangled Extremity Severity
score was 0.988 (

 

�

 

 0.008 

 

SEM

 

) and for Gustilo classifica-
tion was 0.76 (

 

�

 

 0.57 

 

SEM

 

). An ROC curve was con-

 

Table IV. 

 

Comparison of the Ganga hospital score (GHS)

 

 

 

and the Mangled Extremity Severity
score (MESS) in predicting limb salvage

 

Amputation 
threshold Sensitivity (%) Specificity (%)

Positive predictive 
value (%)

Negative predictive 
value (%)

 

GHS

 

98 100 100 70

 

MESS

 

99   17   97.5 50

Table V. Sensitivity and specificity for various ampu-
tation threshold scores of the Ganga hospital score
(GHS) in predicting limb salvage ranging from 100%
sensitivity to 100% specificity

GHS Sensitivity (%) Specificity (%)

13   92.9 100
14   98 100
15   99   83.3
16   99.5   66.7
17   99.5   33.3
18 100     0
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structed for the 67 type-IIIB injuries. The area under the
curve for Ganga hospital score was 0.988 (

 

�

 

 0.013 

 

SEM

 

),
for Mangled Extremity Severity score was 0.938 (

 

�

 

 0.039

 

SEM

 

) and for Gustilo classification was 0.5 (

 

�

 

 0.122 

 

SEM

 

).
It is seen that the Ganga hospital score was more predicta-
ble and with lesser standard error than the Mangled
Extremity Severity score. Also, Gustilo’s classification had
no predictive value in the question of salvage as it has the
lowest possible area under the curve.

 

Outcome measures. 

 

Since all limbs in group IV had an
amputation, the requirement for plastic surgery, the total
number of in-patient days, the number of surgical pro-
cedures required before the completion of treatment, the
time to bony union and rate of infection were studied only
in the other three groups (Table VI).

 

Requirement for plastic surgery. 

 

Of the 102 injuries salvaged,
42 required simple wound management with primary clo-
sure or a split-skin graft and the remaining 60 a flap pro-
cedure, of which 42 were local and 18 free flaps (Table VII).
In group I, only one of the 23 required a local flap. How-
ever, 31 of the 51 (60.7%) group-II injuries required a flap,
of which seven were free flaps. All of the 28 group-III inju-
ries needed a flap of which 11 were free flaps.

The requirement for a specialised plastic surgery pro-
cedure was well predicted by the score for skin and cover-
ing tissues. All injuries with a score of one, and 25 of 27
(92.6%) with a score of two were managed by skin suture.
Only two (7.4%) required a flap because of loss of skin and
soft tissue during secondary debridement. One of these
injuries was in the lower one-third and hence a free flap was
preferred. By contrast, of the 57 injuries with a score of
four, 17 (29.8%) required a free flap, 38 (66.6%) a local
flap and only two (3.5%) could be managed by a skin graft.
The requirement and complexity of flap for the Ganga hos-
pital score groups by univariate analysis of variance

(ANOVA) were highly significant (p < 0.0001). A skin score
of three and above demands plastic surgical attention as
soon as possible.

 

In-patient days. 

 

The mean number of in-patient days in
group I was 10.1 (8 to 15) compared with 23.4 (7 to 65) in
group II and 61 (16 to 140) in group III. Patients in group
I had only one admission compared with a mean of 2.1 (1
to 3) in group II and of 3.2 (2 to 5) in group III.

 

Number of surgical procedures. 

 

The mean number of surg-
ical procedures required for group I was only one, com-
pared with three in group II and six in group III (p <
0.0001). All the procedures in group I and 86% (133) of
those in group II were carried out during the primary
admission, whereas 57% (101) of those in group III were
performed during subsequent admissions.

 

Time to bony union. 

 

The time to bony union, the number of
secondary procedures required to achieve union and the
need for bone grafting correlated well with the skeletal
score. The mean time to union was 17 weeks for injuries
that scored one, 29 weeks for those scored two and three,
31 in those scored four and 52 for a score of five. Similarly,
bone grafting was required in none with a score of one, in
two of 11 patients with a score of two and in 19 of 37
patients with a score of three. While none of the patients
with a score of three or below required bone transport,
seven of 12 with a score of four and all of the 14 salvaged
limbs with a score of five required limb reconstruction with
bone transport. The difference between these groups was
significant (p < 0.001). Injuries with a score of one (28)
required no secondary bony procedures to achieve union
compared with two of 11 (18.1%) patients with a score of
two, 19 of 37 (51.4%) with a score of three, all of the 12
with a score of four and all of the 14 salvaged patients with
a score of five.

 

Rate of infection. 

 

Wounds were considered to be infected if
they had leakage for more than a week or required anti-
biotics for wound healing. Infection occurred in 27 of the
102 salvaged limbs (26.5%), of which eight (7.8%) were
superficial and 19 (18.6%) were deep. Only one of 23 of
group I (4.3%), ten of 51 (19.6%) in group II and 16 of 28
(57.1%) of group III had infection. Considering only deep
infections, one of 23 of group I (4.3%), seven of 51
(13.7%) in group II and 11 of 28 (39.2%) in group III had
infections. The difference between group I and group II,
and between group II and group III was significant (chi-
squared test; p < 0.001).

 

Table VI

 

. Outcome of salvaged limbs in various groups of the Ganga hospital score

 

Outcome criteria Group I (n = 23) Group II (n = 51) Group III* (n = 28)

 

Mean (range) in-patient stay in days 10.1 (8 to 15) 23.4 (7 to 65) 61 (16 to 140)
Mean (range) time to union in wks 16 (10 to 28) 25 (8 to 55) 47 (20 to 110)
Deep infection rate (%)   

 

4.3

 

 (n = 1)

 

13.7

 

 (n = 7)

 

39.2

 

 (n = 11)
Number of flaps (%)   1 (

 

4.3

 

) 31 (

 

60.7

 

) 28 (

 

100

 

)
Number of surgical procedures   1   3   6
Number of amputations   0   0   1

* includes only salvaged limbs

Table VII. Wound cover procedures according to the Ganga hospital
score skin score

Skin score Skin suturing Skin graft Free flap Local flap Total

1 10 0   0   0   10
2 25 0   1   1   27
3   0 5   0   2     7
4   0 2 17 38   57
5   0 0   0   1     1
Total 35 7 18 42 102
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Discussion

 

Systems of classification of fracture and injury severity
scores have been developed to guide the surgeon in making
appropriate decisions.

 

26

 

 The Gustilo-Anderson classifica-
tion,

 

1,2

 

 which is the most widely-used, has several dis-
advantages and has undergone many modifications since its
original description. Differing interpretations by various
authors have resulted in loss of uniformity in its global
application.

 

3,6-11

 

 Type-IIIB includes a wide spectrum of
injuries from the easily manageable to the barely salvage-
able and is therefore unable to provide guidelines for man-
agement or allow comparison of published results from
different institutions. In the 67 type-IIIB injuries included in
our study there was a wide scatter among the various
groups of the Ganga hospital score and the Mangled
Extremity Severity score, indicating the variety of injuries
classified as type-IIIB.

The Gustilo classification is based more on the nature
and size of the wound and does not address specifically the
severity of injuries of the musculotendinous structures and
skeletal structures.

 

6,7

 

 Injury to the muscles, nerves and bone
can often be more crucial than the nature of the wound.
The system also does not consider comorbid factors and
does not address the question of salvage. There is a high
degree of subjectivity leading to poor inter-observer relia-
bility.

 

3,6-9

 

 Two major studies evaluating the Gustilo classifi-
cation have reported a low inter-observer agreement rate of
about 60%, which varied with the experience of the sur-
geon and the type of injury.

 

8,9

 

 This classification is not an
adequate basis for making decisions concerning treatment
or for comparison of published results. A more detailed,
accurate and objective method for the assessment of type-
III injuries is needed.

 

3,5-10

 

Our experience of treating more than 300 open injuries
to the lower limb every year prompted us to evolve a score
which assessed separately the severity of the injury to each
component of the limb as well as the overall damage. Other
factors which influence the decision to salvage the limb
were included by provision of a comorbid score. The score
underwent two clinical trials and suitable modifications to
its present form.

The first decision in the management of a severely injured
lower limb is the question of salvage. While it would be a
disaster to amputate a salvageable limb, failed reconstruc-
tions leading to secondary amputations are unacceptable
and frustrating to the patient.

 

27,28

 

Many injury severity scores for the lower limb have
been developed, the more important of which are the
Mangled Extremity Severity score;

 

12

 

 the limb salvage
index;

 

15

 

 the predictive salvage index;

 

13 

 

the nerve injury,
ischaemia, soft-tissue injury, skeletal injury, shock and age
of patient (NISSA) score

 

14

 

 and the Hannover fracture
scale-97.

 

16,17

 

 These scores, however, have been designed to
assess limbs with combined orthopaedic and vascular inju-
ries and are poor predictors for type-IIIB injuries.

 

18

 

 Retro-
spective design, small sample sizes and a clinical bias of the

score designers in the selection of components and weight-
ing of the indices have been quoted as the other serious
flaws.

 

29-31

 

 A prospective evaluation of their clinical use
found that they performed poorly when applied to type-
IIIB injuries in which vascularity was not a problem.

 

18

 

They are not easily applied and therefore have not been
regularly used in clinical practice. There is a need for a sin-
gle scoring system which has a high sensitivity and specif-
icity for salvage in type-IIIB injuries and which can predict
clinical outcome.

The Mangled Extremity Severity score, although origi-
nally designed to address limbs with combined vascular and
orthopaedic injuries,

 

12

 

 has also been widely used in evalu-
ating those with normal perfusion.

 

18

 

 It was developed
retrospectively and then validated prospectively with a
small sample size. A score of seven or more was reported to
be 100% predictive of amputation. However, it has not
been duplicated in other prospective series in which an
overall rate of sensitivity of 46%, increasing to 72% when
only ischaemic limbs are considered, has been
reported.

 

18,29-31

 

 Our experience with this score has been the
same. We found a high sensitivity of 99% and a positive
predictive value of 97.5% indicating that it may be useful in
predicting limbs which should not undergo amputation,
but the specificity was only 17% with a negative predictive
value of 50%, indicating that a large proportion of limbs
eventually requiring amputation would be at risk of a delay
in this procedure. In our series, of the seven patients who
had an amputation, four had a score of below seven, prov-
ing the unreliability of the Mangled Extremity Severity
score in evaluating type-IIIB injuries in which vascularity is
not compromised.

By contrast, the Ganga hospital score was found to have
a high sensitivity and specificity when a score of 14 was
chosen as the threshold for amputation. In predicting
amputation, it would be ideal if the sensitivity, namely the
probability that limbs requiring amputation will have the
scores at or above the index threshold was 100% and the
specificity, the probability that limbs which can be salvaged
will have limb-salvage scores below the threshold was also
100%.

 

18

 

 However, few scores could achieve this in clinical
situations, particularly with open injuries. It is better to err
on the side of high specificity so that only a negligible
number of salvageable limbs would score above the ampu-
tation threshold score, but a high sensitivity rate is also
essential in order to decrease the number of secondary
amputations. The specificity for a threshold score of 14 was
100%, which decreased to 83% for a score of 15 and 67%
for a score of 16. We therefore set a threshold score of 14.
All the 89 patients with or below a score of 14 by the Ganga
hospital score were salvaged. In contrast, one of the three
patients with a score of 15, one of the two with a score of
16, both with a score of 17 and all three patients with 18
underwent amputation. Of the seven patients who had
amputation only five had a primary amputation. Two
underwent secondary amputation later and both had a
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score of 18. Application of the Ganga hospital score would
have avoided this.

It is advisable that injuries with a score of 14 and below
should have attempts at salvage, those with a score of 17
and above should be considered for primary amputation,
and those in between assessed by an experienced team on a
case-by-case basis. It is important to have an intermediate
‘grey zone’ rather than a single threshold score since there
are many other influencing factors such as the expertise of
the treating team, the social and cultural background of the
patient, the cost and the personality of the patient.

In our series, the only significant independent variable to
predict salvage was the Ganga hospital score (p = 0.03) and
the findings of both the Mangled Extremity Severity score
(p = 0.09) and the Gustilo score (p = 0.9) were not signifi-
cant.

The Ganga hospital score accurately predicted the need
for soft-tissue cover and also the requirement for complex
flap procedures (Table VII). Of the salvaged limbs, the
mean covering tissue score of the 42 patients who did not
require a plastic surgical procedure was two, compared
with four in the 60 patients who required a flap procedure
(p < 0.001). All the 39 patients except two (94.9%) with a
score of less than three had primary skin closure or skin
grafting whereas 58 of 63 (92%) patients with a score of
three or above required flap cover (p < 0.001).

The practical use of this classification is clear. The avail-
ability of plastic surgical services at the same hospital as an
orthopaedic service is not universal even in developed coun-
tries and is at a premium in many developing parts of the
world. Injuries with a soft-tissue score of three and above
must be immediately transported to a centre where soft-
tissue cover may be undertaken.

The functional tissue score was designed to record the
extent of damage to the muscles and posterior tibial nerve,
whether the injury involved either a part or an entire com-
partment and whether the damage could be repaired with-
out functional loss. In many open injuries the damage to
the muscles can be less unless there is a crush element. Of
the 109 patients in our study, 79 had a score of one or
two. Higher scores influenced the outcome significantly
since all patients with a score of five finally underwent
amputation.

The Mangled Extremity Severity, NISSA, and Hannover
fracture scale-97 scores are heavily influenced by the results
of the initial neurological examination.

 

12,14,16

 

 This can be
misleading since sensory impairment may be present in an
acute injury due to temporary ischaemia, contusion or trac-
tion. There may be full recovery later.

 

32

 

 The limb salvage
index assesses the neurological deficit on the basis of ana-
tomical nerve findings.

 

15

 

 The NISSA score added a nerve-
injury component with the highest weight given to an insen-
sate sole. It has been suggested that a complete posterior
tibial nerve injury is a definitive indication for ampu-
tation.14 However, we feel that even the presence of com-
plete irreparable damage to the posterior tibial nerve

should not be an indication for amputation. Surgeons in the
developing world are well aware that patients with
Hansen’s disease who have complete loss of plantar sensa-
tion of both feet can be successfully rehabilitated. The abil-
ity to have the functional use of the lower limb in spite of
severe injury of the posterior tibial nerve in other condi-
tions, such as in tumour surgery, has been well docu-
mented.32,33 In our experience some patients with a com-
plete posterior tibial nerve injury can lead a normal life and
hence the importance of a nerve injury was reduced to three
in the Ganga hospital score.

The skeletal score was useful in predicting the time to
bony union and also the nature of the reconstruction
required. Injuries with a score of two and less, irrespective of
the covering tissues score, were found to have a high rate of
union without the need for bone grafting. Injuries with a
bony score of four and five had a lengthy time to union and
required additional surgical procedures. The number of
patients requiring bone transport also correlated well with
the score with all 14 injuries with a score of five needing this.

The incidence of deep infection was 4.3% in group I,
13.7% in group II and 39.2% in group III. The increase in
the rate of infection with the increase in total score was
notable and significantly different in the groups. There was
a high rate of infection in group III in our series. The
patients in group III had severe injuries to both bone and
soft-tissue, many required multiple reconstructive proce-
dures. The rate of infection was higher in these complex
cases.

The Ganga hospital score is of practical value in helping
the surgeon to make appropriate decisions and forecast the
outcome. It has higher sensitivity and specificity for predict-
ing amputation, even when vascularity is not affected, than
the presently available lower-limb injury severity scores. It
is superior to the modified Gustilo classification of type-III
injuries since it addresses the question of salvage and also
provides a more accurate assessment of the injury to the
limb. It has a better inter-observer agreement rate and is
practical for routine clinical use. Although it has been vali-
dated in our centre, multicentre trials will be required next
to evaluate its effectiveness.

Supplementary Material

A further opinion by Mr Charles Court-Brown is
available with the electronic version of this article on

our website at www.jbjs.org.uk
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