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Abstract

BACKGROUND: Amputation is one of the most common surgical procedures in the world. One of the criteria for
assessing amputation is the mangled extremity severity score (MESS). The MESS criterion has been used for many
years, but the accuracy remains unknown. The aim of this study is to know the accuracy of MESS.

METHOD: Keywords of “relevance,” “mangled extremity score,” and “amputation,” and its combination were entered
into the PubMed database. Four evaluators reviewed articles from the past 5-year publication date with the English
language to select relevant articles.

RESULTS: The outcomes of this systematic review are the sensitivity and specificity of several scoring tools to
predict amputation and recommendations for MESS use. The author identified 26 relevant articles with MESS to
predict amputation, and most of them recommend using MESS. The sensitivity and specificity of MESS were variable
from 63-73% to 70-76%.
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Introduction

Amputation is one of the most commonly
performed surgical procedures in the world. Amputation
is a surgical procedure to remove part or all of the limb
organs or the body’s protrusion. This procedure aims
to save the patient’s life, maintain function, or cosmetic
reasons [1]. The number of amputation procedures
performed globally is 0.7 in every 1000 population, while,
in Asia, there are 31 patients out of 1000 population.
In the United States, approximately 150,000 patients
undergo amputation surgical procedures every year [2].
In 2017, 57.7 million people lived with limb amputation
due to traumatic causes worldwide. The most traumatic
causes of limb amputation were falls (36.2%), road
injuries (15.7%), transportation injuries (11.2%), and
other mechanical forces (10.4%) [3]. The amputation
rate in Indonesia in 2010-2011 increased from 35.5%
to 54.8% [4].

Amputation is the last option in surgical
procedures, because it can affect the patient’s quality
of life. Therefore, an objective consideration needs to
be made before choosing this procedure. One of the

CONCLUSION: The MESS performs better in the amputation prediction of the lower extremity arterial injury. Other
scoring recommendations are LogisticReg + Nearmiss, ISS, BN, and GHOIS.

criteria for assessing amputation determination is the
mangled extremity severity score (MESS) [5].

MESS is a criterion for assessing the severity
of limb trauma [6]. This criterion assesses the degree of
bone and soft-tissue injury, ischemia, presence of shock,
patient age, and time of ischemia. Each parameter will
be evaluated, and if the score reaches more than seven,
it can be considered early amputation [7]. The MESS
criterion has been used for a long time, but its reliability
is uncertain. Unfortunately, some research shows that
MESS cannot be used as an appropriate amputation
criterion in their cases [7]. Therefore, this systematic
review aims to assess the relevance of using MESS in
amputation prediction and find the alternative criteria in
considering the amputation.

Methods

A literature review was conducted from 23
to March 25, 2021 using the keywords “relevance,”
“mangled extremity score,” and “amputation,” and its
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combination in bibliographic databases with restrictions
in the English language and human subjects. Four
independent evaluators reviewed at abstracts and
tittes to find papers that fulfilled the study’s inclusion
criterion. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines were
used to perform the comprehensive data collection.
After searching with those keywords, the authors used
5 years publication date and English language to select
the appropriate journal. Journals were reviewed from
titte and abstract and followed inclusion and exclusion
criteria. The inclusion criteria were an original article, a
full-text paper, and using MESS for scoring amputation.
The exclusion criteria were case reports, review articles,
not using MESS for scoring amputation, and no data
analysis.

In this study, there are 158 articles identified,
and nine duplicated articles are removed. The
remaining 149 articles were evaluated separately by
four evaluators using previously used techniques in
similar studies. Eighty-eight articles are not research
articles, and 13 articles are not written in English,
leaving 48 articles for the next screening. After 5 years
of publication screening, ten articles are excluded from
the study. There are 13 studies excluded consist of:
case report (two articles), review article (one article),
without MESS scoring (four articles), no data analysis
(one article), and do not focus on scoring amputation
(four articles). The journal search strategy is showed
in Figure 1.

Article identification through Article excluded
database searching (n=101)
(n=158) - Not a research article
\L (n=88)
. . - Not in English
Article after duplicate N
L =13
removed anguage (n=13)
(n=149) -
Article excluded
\L (n=10)
Article screened - >5-year publication
(n=48) date (n=10)
- Article excluded
Fulltext article assessed (0=12)
(n=38) > .
- Case report (n=2)

- Review article (n=1)

- Research without
MESS scoring (n=4)

- Research with no data
anaysis (n=1)

- Research didn’t focus
MESS for scoring
amputation (n=4)

Studies included to analysis
(n=26)

Figure 1: The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram of the literature selection

The outcomes of this review are the sensitivity
and specificity of several scoring tools to predict
amputation and the conclusions of the articles on

whether or not MESS is recommended as a scoring
tool for assessing the severity of limb trauma to predict
amputation. The quality of included studies was
critically appraised using CEBM Harm/Etiology/Risk
Critical Appraisal Worksheet and Oxford Center for
Evidence-Based Medicine 2011 Levels of Evidence.
Excel spreadsheets were used to extract and process
all data acquired from all reviewed studies.

Results

The initial PubMed search yielded 158 titles
with 38 full-text articles assessed according to the
inclusion and exclusion criteria. Twelve of the 38
articles had a study design that matched the criteria of
this study but were not included in this review article,
because they included case reports, did not address
MESS specifically, and did not have data analysis.
Therefore, those articles were eliminated, and the final
number of articles analyzed was 26 articles.

Based on Table 1, most of the cases from
this journal are lower extremity arterial injuries. All
studies use the retrospective cohort method, and the
total number of patients is 5419 samples. The largest
number of samples is owned by a study by Polcz et al.,
2020, which has 691 patients with the lower extremity
arterial injury.

Table 1: Characteristics of the studies

Author > sample Design Case

Bolourani et al., 2021 [8] 1098 Retrospective Lower extremity arterial injury
Cho et al., 2020 [9] 28 Retrospective Upper and lower artery injury
Polcz et al., 2021 [10] 691 Retrospective Lower extremity arterial injury
Schechtman et al., 2021 [11] 439 Retrospective Lower extremity arterial injury
Asensio et al., 2020 [12] 76 Retrospective Popliteal artery injuries
Perkins et al., 2020 [13] 559 Retrospective Lower extremity arterial injury
Gupta et al., 2020 [14] 219 Retrospective 1IIB open tibia fractures

Hohenberger et al., 2020 [15] 14
Hohenberger et al., 2020 [16] 71
Kauvar et al., 2020 [17] 257

Retrospective Upper extremity traumas
Retrospective Trauma with vascular injury
Retrospective  Femoropopliteal arterial injury

Hasde et al., 2019 [18] 96 Retrospective Lower extremity arterial injury
Ray et al., 2019 [19] 108 Retrospective Lower extremity arterial injury
Kim et al., 2019 [20] 24 Retrospective Femoropopliteal arterial injury
Sharrock et al., 2019 [21] 568 Retrospective Lower extremity arterial injury

Wilodarczyk et al., 2018 [22] 291 Retrospective Upper and lower extremity
Artery injury

Retrospective Lower extremity arterial injury

Retrospective Upper and lower fracture

Retrospective 11IB open tibial and femur

fracture

Kauvar et al., 2018 [23] 455
Karakus et al., 2017 [24] 600
Venkatadass et al., 2017 [25] 52

Barla et al., 2017 [26] 20 Retrospective Femur, tibia, or tibial pilon
fracture

Song et al., 2017 [27] 35 Retrospective 1IIC lower extremity trauma

Loja et al., 2017 [7] 230 Retrospective Lower extremity arterial injury

Liang et al., 2016 [28] 149 Retrospective Lower extremity arterial injury

Yeh et al., 2016 [29] 242 Retrospective Lower extremity fracture

Fochtmann et al., 2016 [30] 54 Retrospective Open fracture upper extremity

Sisli et al., 2016 [31] 90 Retrospective Upper and lower extremity
injury

Keeley et al., 2016 [32] 51 Retrospective Popliteal vascular injuries

Based on Table 2, it is known that from 26
studies, 15 studies recommend the use of MESS
for amputation prediction, and 11 studies do not
recommend MESS for amputation prediction. Seven
out of nine journals recommend using MESS to predict
amputation in cases of lower extremity arterial injury.
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On the contrary, it is not recommended to use MESS to

score IlIB open tibial fracture cases.

Table 2: Summary MESS Research for Predict Amputation

Author

Case

MESS recommendation
for Predict Amputation

Bolourani et al., 2021 [8]
Cho et al., 2020 [9]

Polcz et al., 2021 [10]
Schechtman et al., 2021 [11]
Asensio et al., 2020 [12]
Perkins et al., 2020 [13]
Gupta et al., 2020 [14]
Hohenberger et al., 2020 [15]
Hohenberger et al., 2020 [16]
Kauvar et al., 2020 [17]
Hasde et al., 2019 [18]

Ray et al., 2019 [19]

Kim et al., 2019 [20]
Sharrock et al., 2019 [21]
Wilodarczyk et al., 2018 [22]

Kauvar et al., 2018 [23]
Karakus et al., 2017 [24]
Venkatadass et al., 2017 [25]

Barla et al., 2017 [26]

Song et al., 2017 [27]

Loja et al., 2017 [7]

Liang et al., 2016 [28]

Yeh et al., 2016 [29]
Fochtmann et al., 2016 [30]
Sisli et al., 2016 [31]

Lower extremity arterial injury
Upper and lower artery injury
Lower extremity arterial injury
Lower extremity arterial injury
Popliteal artery injuries
Lower extremity arterial injury
111B open tibia fractures
Upper extremity traumas
Trauma with vascular injury
Femoropopliteal arterial injury
Lower extremity arterial injury
Lower extremity arterial injury
Femoropopliteal arterial injury
Lower extremity arterial injury

Upper and lower extremity artery

injury

Lower extremity arterial injury
Upper and lower fracture

11IB open tibial and femur
fracture

Femur, tibia, or tibial pilon
fracture

11IC lower extremity trauma
Lower extremity arterial injury
Lower extremity arterial injury.
Lower extremity fracture
Open fracture upper extremity
Upper and lower extremity injury

Not recommended
Recommended
Recommended
Recommended
Not recommended
Not recommended
Not recommended
Not recommended
Not recommended
Recommended
Not recommended
Recommended
Recommended
Recommended
Recommended

Recommended
Recommended
Not recommended

Recommended

Recommended
Not recommended
Recommended
Not recommended
Not recommended
Recommended

Keeley et al., 2016 [32] Popliteal vascular injuries Recommended

MESS: Mangled extremity severity score

Based on Table 3, five types of scoring are
recommended: MESS, Logistic Reg + Nearmiss,
ISS, BN, and GHOIS. The score that has the highest
sensitivity and specificity is the GHOIS. The scoring
with the lowest sensitivity and specificity was MESS.
However, most researchers still recommend MESS for
amputation prediction.

Table 3: Sensitivity and specificity of MESS and other
amputation scores

Author Scoring recommendation Sensitivity Specificity
Bolourani et al., 2021 [8] LogisticReg + Nearmiss 71 75
Cho et al., 2020 [9] MESS 63 76
Polcz et al., 2021 [10] MESS - -
Schechtman et al., 2021 [11]  MESS - -
Asensio et al., 2020 [12] ISS - -
Perkins et al., 2020 [13] BN 94.6 85
Gupta et al., 2020 [14] GHOIS 100 90
Hohenberger et al., 2020 [15] - - -
Hohenberger et al., 2020 [16] - - -
Kauvar et al., 2020 [17] MESS - -
Hasde et al., 2019 [18] - - -
Ray et al., 2019 [19] MESS 73 70
Kim et al., 2019 [20] MESS - -
Sharrock et al., 2019 [21] MESS - -
Wilodarczyk et al., 2018 [22] MESS - -
Kauvar et al., 2018 [23] MESS - -
Karakus et al., 2017 [24] MESS - -
Venkatadass et al., 2017 [25] GHOIS 75 93.75
Barla et al., 2017 [26] MESS

Song et al., 2017 [27] MESS

Loja et al., 2017 [7] -

Liang et al., 2016 [28] MESS

Fochtmann et al., 2016 [30]

Sisli et al., 2016 [31] MESS
Keeley et al., 2016 [32] MESS
MESS: Mangled extremity severity score

Yeh et al., 2016 [29] ISS -

The risk of bias in this study is that not every
article mentions the recommended scoring tool’s
sensitivity and specificity, and not all articles explicitly
recommend a specific scoring tool to be used. Drawing
conclusions and recommendations are not easy due
to different methodologies, cases, and heterogeneous
patient characteristics. Despite the aforementioned

drawbacks, some valuable observations can be made
with the available data.

Discussion

Twenty-six studies related to MESS are
analyzed, and 15 studies recommend the use of MESS
to predict amputation. A total score of more than seven
points in MESS can provide amputation prediction in
most research. Venkatadass et al. and Gupta et al. do
not recommend MESS as a prediction tool for amputation
in open tibial fracture [14], [25]. Other research by
Fochtmann et al. shows that MESS cannot predict
amputation in open fracture at the upper extremity [30].
In the lower extremity arterial injury cases, most of the
research suggests MESS to predict amputation. MESS
has a sensitivity 63% and specificity 76% to predict
amputation surgery in the lower extremity arterial injury [9],
and it reported 73% and 70%, respectively, in Ray et al.
study [19]. The prevalence of diseases influences the
sensitivity and specificity variation of MESS.

In this systematic review, 11 studies do
not recommend MESS for amputation prediction.
Three articles show that MESS does not significantly
predict amputation, and one article prefers temporary
intravascular shunt (TVS) as a preliminary treatment
between the initial injury and definitive therapy that
reduces amputation rates. Other six articles prefer
Logistic Reg + Nearmiss, ISS, BN, and GHOIS,
because MESS has lower sensitivity and specificity.
LogisticReg + Nearmiss is a scoring developed by
Bolourani et al., which has a sensitivity of 71% and a
specificity of 75% from 1098 patients study analyzed by
linear regression. ISS is a multiple injury scoring system
with unknown sensitivity and specificity, in which each
injury is assigned an abbreviated injury scale score and
is used to one of six body regions [33]. Tohira et al.
show that ISS also has low sensitivity and specificity
to predict mortality in blunt injury; therefore, the new
modification of ISS (NISS) might perform better [34].
BN has a sensitivity of 94.6% and a specificity of 85% to
predict amputation in lower extremity arterial injury [13],
but other studies state that scoring system cannot be
used as prediction tools in clinical utility [35]. GHOIS
is a simple scoring system developed for doctors to
grade the severity of tibia fractures. The total score
can be used to decide limb salvage or amputation [36].
Research by Shanmuganathan et al. shows that GHOIS
can be predicting amputation for IlIB injury patients.
GHOIS consists of some items such as skin loss,
skeletal structure, functional tissue (musculotendinous
and nerve), and comorbidity [37].

This study has several limitations, including
all of this research uses recent 5 years of publication,
and some of the studies presented do not show the
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distribution of cases that allowing a large variety of
cases and causing bias. Besides, no study compares
MESS with the other four scores, so it is difficult to
compare the sensitivity and specificity.

Conclusion

The MESS may perform better in the

amputation prediction of the lower extremity arterial
injury. The other recommended scoring systems are
LogisticReg + Nearmiss, ISS, BN, and GHOIS. GHOIS
has the highest sensitivity and specificity, but the
research is still limited. Additional studies are required
to compare MESS and other scoring systems’ sensitivity
and specificity in the same research.
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