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A b s t r a c t

Introduction: The Injury Severity Score (ISS) and the New Injury Severity 
Score (NISS) are widely used for anatomic severity assessments after trau-
ma. We present here the Tangent Injury Severity Score (TISS), which trans-
forms the Abbreviated Injury Scale (AIS) as a predictor of mortality.
Material and methods: The TISS is defined as the sum of the tangent func-
tion of AIS/6 to the power 3.04 multiplied by 18.67 of a patient’s three most 
severe AIS injuries regardless of body regions. TISS values were calculated for 
every patient in two large independent data sets: 3,908 and 4,171 patients 
treated during a 6-year period at level-3 first-class comprehensive hospitals: 
the Affiliated Hospital of Hangzhou Normal University and Fengtian Hospital 
Affiliated to Shenyang Medical College, China. The power of TISS to predict 
mortality was compared with previously calculated NISS values for the same 
patients in each data set. 
Results: The TISS is more predictive of survival than NISS (Hangzhou: re-
ceiver operating characteristic (ROC): NISS = 0.929, TISS = 0.949; p = 0.002; 
Shenyang: ROC: NISS = 0.924, TISS = 0.942; p = 0.008). Moreover, TISS pro-
vides a better fit throughout its entire range of prediction (Hosmer Leme-
show statistic for Hangzhou NISS = 29.71; p < 0.001, TISS = 19.59; p = 
0.003; Hosmer Lemeshow statistic for Shenyang NISS = 33.49; p < 0.001, 
TISS = 21.19; p = 0.002). 
Conclusions: The TISS shows more accurate prediction of prognosis and 
a linear relation to mortality. The TISS might be a better injury scoring tool 
with simple computation.
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Introduction

The Abbreviated Injury Scale (AIS) is specifically designed as a system 
to define anatomically the severity of injuries throughout the body. It has 
been revised, expanded and improved repeatedly. Its recent revision was 
the AIS 2005 edition, update 2008 [1]. AIS codes are assigned to each 
of a patient’s injuries and include the AIS severity measure, an ordinal 
value that ranges from 1 to 6. Minor injuries have an AIS value of 1, and 
injuries that are thought to be currently untreatable are given a 6 [2].



Tangent function transformation of the Abbreviated Injury Scale improves accuracy and simplifies scoring

Arch Med Sci 1, February / 2015 131

Although the AIS provided a  rudimentary dic-
tionary of possible injuries, it failed to provide 
a  mechanism to summarize a  single patient’s 
multiple injures into a single score. This step was 
taken by Baker et al. in 1974 with the creation of 
the Injury Severity Score (ISS) [3]. The ISS is used 
to describe trauma populations, to evaluate the 
quality of trauma care, and to control for case mix 
in trauma research [3]. It is based on AIS severi-
ty values, which are assigned from the patient’s 
hospital files at discharge. The ISS reflects dete-
rioration in patient status after trauma but does 
not discriminate between deterioration secondary 
to the natural history of the injury and in-hospital 
care. It therefore may not be a  valid instrument 
for evaluating the quality of trauma care. Perhaps 
the most important drawback of the ISS cannot 
be addressed with statistical techniques: the ISS 
only considers one injury in each body region. This 
leads to injuries being overlooked and to less se-
vere injuries occurring in other body regions being 
included in the calculation over more serious ones 
in the same body region. A simple modification to 
the ISS, the New Injury Severity Score (NISS), was 
designed by Osler et al. in 1997 to counter this 
problem [4]. The NISS is simply the sum of squares 
of the three most severe injuries, regardless of 
body regions injured.

Many articles existing in the literature have 
compared the NISS to the ISS in terms of mortal-
ity. Most of the studies have showed better dis-
crimination and calibration for NISS [5–8], and 
some studies have observed better calibration 
but equivalent discrimination [9, 10]. In addition, 
a  few studies have noted no advantage for the 
NISS [11, 12]. Some studies [13–16] have revealed 
that the mortality associated with AIS severity 
combinations that produce identical ISS/NISS is 
different. ISS/NISS scores with a higher AIS value 
significantly increased the risk of mortality. They 
serve to identify specific areas in which the ability 
to predict survival may be flawed, yet previously 
not acknowledged.

We therefore tested a  simple modification of 
AIS values, a score that we call the Tangent Injury 
Severity Score (TISS). The TISS is the sum of the 
tangent function of AIS/6 to the power 3.04 multi-
plied by 18.67 of a patient’s three most severe (i.e. 
highest AIS) regardless of body regions. This study 
aims to investigate whether the TISS statistical-
ly outperforms the NISS in predicting in-hospital 
mortality. In addition, the study examines whether 
the mortality associated with AIS severity combi-
nations that produce identical ISS/NISS is different.

Material and methods 

This retrospective cohort study reviewed data 
from level-3 first-class comprehensive hospital at 

the Affiliated Hospital of Hangzhou Normal Uni-
versity and Fengtian Hospital affiliated to Shen-
yang Medical College, China for the period from 
January 1, 2006 to December 31, 2011. The trauma 
registry contains data for two totals of 10,625 and 
12,960 patients hospitalized as a result of trauma. 
It includes a complete listing of each patient’s in-
juries in the AIS lexicon (2005 revision). This study 
was approved by the institutional review boards 
of each institution.

The information collected includes demograph-
ic data, details on the injury, physiologic variables 
throughout the patient’s course, outcome, com-
plications, and performance indicators. Trauma 
registrars, all fully trained in data collection and 
coding, are responsible for data collection. Regu-
lar quality assurance meetings and chart review 
ensure consistency of data collection, input, and 
interpretation. Patients with isolated minor or 
moderate injuries (AIS 1 and 2) to a single body re-
gion and deaths on arrival were excluded from the 
study. The study populations therefore comprised 
3,908 and 4,171 patients. These data sets enable 
us to test the performance of NISS and TISS. 

The NISS was computed according to Osler 
et al. [4]. The TISS was computed as the simple 
change of AIS values by raising each AIS severity 
score (1–6) by the tangent function of AIS/6 to the 
power 3.04 multiplied by 18.67 and then summing 
the three most severe (i.e. highest AIS) regardless 
of body region. 

Regarding the development of TISS score con-
version, this study can be described as follows: 
First, it is based on the National Trauma Data-
base (NTDB) [2] statistics of 181,707 patients who 
sustained a  single injury. The relation between 
their AIS values and mortality showed a  qua-
dratic function relation. We propose a  change 
of AIS values by raising each AIS severity score 
(1–6) to adapt them to the corresponding pro-
portion. Second, TISS inherits the highest ISS/
NISS score (when AIS 5, ISS/NISS value for 52 = 
25) and adds the three most severe (i.e. highest 
AIS). Third, the AIS values (i.e. 3, 4, and 5) that 
may lead to death must be an integer quantity 
after transformation for facilitating calculation 
and memory. Fourth, AIS 3 is unchanged after 
transformation. Fifth, according to the character-
istic of the tangent function, with the increase of 
radians from 0 to π/2, the corresponding value is 
also increased. So this study takes AIS/6 as the 
radians. Therefore, this study sets X as the com-
mon power index of tan (AIS/6), Y as the value 
after transforming AIS 4, and Z  as the multipli-
er. Application of logarithmic algorithm to calcu-
late the common power index: X = (log (25/3))/
log (tan (5/6)/tan (3/6)) = (log (25/Y))/log (tan 
(5/6)/tan (4/6)) = 3.026. So, Y = 9.05. Adjusting 
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X = 3.04, then Y = 9.01 ≈ 9.0. Therefore, the mul-
tiplier Z  = 25/(tan (5/6))3.04 = 18.67 (Table I). In 
order to adjust the AIS 2 that has an effect on 
the value, 0.4 must be deducted from every total. 
These values should be based on the arithmetic 
rules and rounded to integral quantities. The TISS 
value is the sum of three round numbers in the  
F column (Table I) after a modification of AIS codes. 
(Mathematical expression: TISS = (tan (A1/6))

3.04 
× 

18.67 + (tan (A2/6))
3.04 

× 18.67 + (tan (A3/6))
3.04 

× 
18.67 – 0.4 (round numbers). A1, A2, and A3 are the 
three most severe AIS codes.) By way of exam-
ple, a patient has 5 injuries as follows: Head AIS 5  
and 2, Chest AIS 4, Abdomen AIS 2 and Lower ex-
tremities AIS 2. The three highest AIS codes are 5, 
4, and 2. Therefore, TISS = (tan (5/6))

3.04 
× 18.67 + 

(tan (4/6))
3.04 

× 18.67 + (tan (2/6))
3.04 

× 18.67 – 0.4 
= 25 + 9 + 0.7 – 0.4 = 34.3 ≈ 34. NISS = 52 + 42 + 22 
= 25 + 16 + 4 = 45.

Statistical analysis

Comparisons between NISS and TISS were 
made using misclassification rates, receiver op-
erating characteristic (ROC) curve analysis, and 
the Hosmer Lemeshow (H-L) goodness of fit 
statistics by univariate and multivariate logistic 
regression models. Misclassification rates were 
defined as the sum of false positives and false 
negatives divided by the total number of cases. 
A risk of death of 50% was used as the cutoff for 
misclassification. The cutoff severity scores were 
34, 34 for the TISS and 48, 45 for the NISS, in 
Hangzhou and Shenyang, respectively. The area 
under the ROC curve was used to test sensitivi-
ty and specificity. The H-L statistic is a measures 
of how well calibrated a model is. The result is 
evaluated by a  χ2 test. Data were statistical-
ly compared by Pearson’s χ2 test for categor-
ical variables and Wilcoxon one-sample test or 
Mann-Whitney U  test for continuous variables. 
Statistical analyses were performed using SPSS 
18.0 for Windows. A p value < 0.05 was consid-
ered statistically significant.

Results

The patients’ average age was 43.5 years (range: 
23–64 years) and 45.4 years (range: 25–66 years) and 
male 74.0% and 70.8% in Hangzhou and Shenyang, 
respectively, bluntly injured (approximately 93%). Ap-
proximately 94% survived to hospital discharge. The 
most frequently insulted body regions were the head 
and lower extremities. The majority of patients were 
injured in motor vehicle collisions or falls. The most 
frequent AIS code was 3 (approximately 65%).

The TISS values of a few patients (approximate-
ly 2%) were equal to the corresponding NISS val-
ues. This result is expected, because all AIS values 
were 5 or 6 code. In divergent observations, the 
difference between TISS and NISS values ranged 
from 1 to 21, with a median of 11.3 and 11.0 in 
Hangzhou and Shenyang, respectively. The median 
NISS and TISS values were 21.3 and 10.0 and 20.8 
and 9.8, respectively.

When we examine the data set graphically, 
we see that TISS better separates survivors from 
non-survivors. This impression is confirmed by the 
doubling of the separation of the median values for 
survivors and fatalities by TISS over NISS in both 
data sets. (TISS median fatalities – TISS median 
survivors = 29.9 and 29.0; NISS median fatalities – 
NISS median survivors = 28.0 and 27.8 in Hangzhou 
and Shenyang, respectively (Figures 1 and 2)).

The NISS and the TISS are different in approx-
imately 98% of the incidents. Figures 3 and 4  
show graphs of the NISS and the TISS against ac-
tual mortality. It is seen that, although the lines are 
generally increasing, the NISS scores are very chop-
py and have non-monotonic qualities. The NISS 
graphs show a nonlinear trend, confirming earlier 
research. Disparate TISS values have relevant mor-
tality rates. A great number of NISS mortality rates 
were distributed to the right of the auxiliary line. 
TISS mortality rates were distributed at both sides 
of the auxiliary line.

A formal statistical analysis confirms the superi-
or predictive power of TISS over NISS. A great num-
ber of measures examined were statistically sig-

Table I. Tangent function transformation of AIS codes

AIS codes  
(A)

A/6  
(B)

Tan B  
(C)

C3.04  

(D)
D × 18.67  

(E)
Accurate to one 
decimal place (F)

1 0.167 0.1682 0.0044 0.08 0.1

2 0.333 0.3463 0.0398 0.74 0.7

3 0.500 0.5463 0.1591 2.97 3.0

4 0.667 0.7868 0.4825 9.01 9.0

5 0.833 1.1008 1.3390 25.00 25.0

6* 1.000 1.5574 3.8451 71.79 75.0

Tan means tangent function. *AIS code is 6, TISS value of automatic promotion for 75.
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nificantly better for TISS than for NISS: ROC curve 
areas, Hosmer Lemeshow statistics, and mean val-
ues (Table II). Only the misclassification rate is not 
statistically significantly improved under TISS.

Discussion

For even better estimation of injury severity, 
molecular biology and medicine will likely be ven-

turing into cellular markers of injury magnitude, 
and these will be the “true” markers of injury se-
verity [17]. Such markers as neuron-specific eno-
lase (NSE), S100 calcium binding protein B and 
ubiquitin carboxy-terminal hydrolase-L1 have 
been proposed as potential markers for cell dam-
age in the central nervous system. The level of  
G protein related kinase-2 (GRK-2) could be an 
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Figure 1. Hangzhou data set frequency distributions for survivors and mortalities as coded by NISS (A) and TISS (B).  
Arrows indicate median values, which are twice as widely separated by TISS. Solid curve and arrow = survivors, 
dashed line and arrow = mortalities
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Figure 2. Shenyang data set frequency distributions for survivors and mortalities as coded by NISS (A) and TISS (B).  
Arrows indicate median values, which are twice as widely separated by TISS. Solid curve and arrow = survivors, 
dashed line and arrow = mortalities
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indicator of β-adrenoreceptors (AR) blocker effi-
cacy in patients with acute coronary syndrome 
[17–19]. Unfortunately, few markers have ever 
been found. Therefore the injury score system has 
been adopted for the evaluation of patients after 
trauma. The AIS severity score performs well as 
a measure of mortality, but that mortality is not 
the sole determinant of AIS severity. As AIS in-
creased, the variability of survival also increased. 
This reflects the fact that when looking at mortal-
ity, there is such low mortality for all of the AIS 1 
and 2 injuries that virtually no variability exists. 
Understandably, because other factors than mor-
tality are involved in the AIS values, more com-
plex injuries have wider variability [2]. Therefore 
this study ignores those patients injured with AIS 
severities of 1 and/or 2. Only data from those  
181 707 patients who sustained a  single injury 
presented in the NTDB were analyzed [2]. There is 
a non-linear correlation between AIS severity and 
survival (and mortality). The data fit a quadratic 
function nearly perfectly. The mortalities for the 

patients with one injury of AIS severity on the or-
dinal scale 3, 4, 5, and 6 are 3.5%, 14.6%, 39.6%, 
and 79.0%, respectively. Their corresponding pro-
portions approximately are 1 : 4.2 (14.6% divid-
ed by 3.5%) : 11.3 : 22.6. How can we transform 
a quadratic function relation into a more intuitive 
linear relation?

There are a variety of scoring methods. The ca-
pability of ISS to consider as many as three differ-
ent injuries in its final outcome score represented 
a  considerable advance over the earlier practice 
of summarizing a patient’s injuries based on the 
single worst injury (maximum AIS). Today mod-
ern trauma databases routinely record all of the 
injuries that a  patient sustains. It seemed likely 
to us that a more modern summary measure of 
trauma that could take advantage of this richer 
description of patients’ injuries would more accu-
rately predict outcome than the original ISS. The 
NISS, by contrast, simply considers the three most 
severe injuries that a patient has sustained and 
thus avoids this shortcoming of the traditional 
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Figure 4. Shenyang mortality rates for different NISS (A) and TISS (B) values. Solid curve = NISS (A) and TISS (B). 
Dashed line is the auxiliary line that connects two points, where the curve crosses over the values of 10 and 75 on 
the horizontal axis respectively
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Table II. Comparison of NISS and TISS in predicting mortality in two data sets

Variable NISS TISS* Value of p

Hangzhou:

Misclassification (%) 4.37 4.07 0.504

ROC 0.929 0.949 0.002

ROC 95% CI 0.916–0.943 0.939–0.959

Hosmer-Lemeshow 29.71 (p < 0.001) 19.59 (p = 0.003)

Shenyang:

Misclassification (%) 4.58 4.34 0.595

ROC 0.924 0.942 0.008

ROC 95% CI 0.910–0.938 0.931–0.954

Hosmer-Lemeshow 33.49 (p < 0.001) 21.19 (p = 0.002)

ROC – receiver operating characteristic, CI – confidence interval, *p < 0.001, Wilcoxon one-sample test, comparison between TISS and NISS.
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ISS. There are many articles [5–8] in the literature 
that have compared the NISS favorably to the ISS 
in predictive mortality, so this study will only com-
pare the TISS with the NISS, and not the ISS.

But the ISS and NISS have an idiosyncrasy that 
impairs their predictive power. The ISS/NISS val-
ues for the patients with one injury of AIS severity 
on the ordinal scale are 3, 4, 5, and 6 in 9, 16, 25, 
and 75, respectively. Their corresponding propor-
tions approximately are 1 : 1.8 (16 divided by 9) : 2.8 
: 8.6. Comparisons of the corresponding propor-
tions between AIS and ISS/NISS were made using 
1 divided by 1 is equal to 1, 4.2/1.8 = 2.3, 11.3/2.8 = 
4.0, and 22.6/8.6 = 2.7, respectively. The difference 
was at least one time more than if based on AIS 
3. It showed that there are serious flaws in ISS/
NISS scoring.

The practical and statistical limitations of the 
ISS have been discussed in some papers. Although 
the ISS is scaled from 1 to 75, it actually takes just 
44 distinct values, and these values are not uni-
formly distributed. Statistical comparisons of the 
44 ISS values are scaled from 1 to 75, p = 0.015. 
Because of this, some have suggested that the ISS 
should not be treated as a  continuous measure 
but rather as an ordinal scale, which is mathemat-
ically correct, if thoroughly ignored [16]. Although 
TISS actually takes just 21 distinct values, these 
values are uniformly distributed (p = 0.060). The 
TISS values for the patients with one injury of AIS 
severity on the ordinal scale are 3, 4, 5, and 6 in 
3, 9, 25, and 75, respectively. Their corresponding 
proportions approximately are 1 : 3.0 (9 divided by 
3) : 8.3 : 25.0. Their proportions are roughly equal 
to the mortality of each AIS code.

Some studies have shown differences for non-
unique values of the ISS and the NISS respective-
ly. The AIS triplets that produce identical ISS and 
NISS scores have markedly different mortality 
rates [13–16]. For instance, an ISS of 27 is possi-
ble in two groups of patients where (5, 1, 1) had  
a 35.25% mortality rate in comparison with 11.31% 
in (3, 3, 3), representing a  23.94% difference in 
mortality even though their ISS scores are identi-
cal [14]. The TISS adjust its (5, 1, 1) mortality rate 
to 35.25% × (3 + 3 + 3)/(25 + 0 + 0) = 12.69%, 
and comparing mortality rates AIS triplets (5, 1, 1)  
and AIS triplets (3, 3, 3) again, p = 0.069. Similarly, 
several ISS values coming from different trauma 
lead to a change in the statistical significance of 
mortality. However, TISS lessens significant differ-
ences in mortality rates compared to the AIS trip-
lets which produce identical scores. This shows 
that ISS scores with a higher AIS value are more 
likely lead to mortality, and a quadratic function of 
the AIS value cannot be solved.

The TISS prediction of mortality is based solely 
on the anatomic information specified by a  pa-

tient’s AIS injury descriptors. We believe that part 
of the value of an injury summary score is that 
it can be calculated by clinicians. The popularity 
of ISS/NISS has stemmed in some measure from 
its ease of computation. This is a  retrospective, 
non-concurrent cohort study that compares TISS 
with NISS values calculated at the time of dis-
charge. A concurrent cohort study would presum-
ably yield identical results, but would be of inter-
est to further verify our results.

The study is only based on two centers’ experi-
ence, and therefore the findings may not be fully 
generalizable. Additionally, it is possible that our 
cohort does not include those patients injured 
with AIS severities of 1 and/or 2. As we all know, all 
injury-based systems such as the AIS are limited 
by the “knowns” and the “unknowns”. This TISS 
system, in addition to “ignoring” a certain portion 
of injured patients, is also dependent on accurate 
and prompt injury identification. It may affect the 
outcome. While trauma registrars, all fully trained 
in data collection and coding, are responsible for 
data collection, the interreliability of AIS coding 
between hospitals is a different possible human 
factor. The scope of trauma service provided by 
different hospitals is different; the trauma type 
and severity can also be different, and this will 
directly affect the performance and outcome. The 
misclassification rate is not statistically signifi-
cantly improved under TISS in the study.

In conclusion, although the calculation of TISS 
is itself so complicated that a  computer is re-
quired, the result is simple. This corresponds to 
the basic principles of the scoring system: that 
it is simple and easy to remember. Furthermore, 
TISS better predicts mortality than NISS. The TISS 
might be better than ISS/NISS as a standard sum-
mary measure of human trauma.
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