RQ:Is a mangled extremity appropriately defined as simultaneous injury to at least three of the following components
skeletal, vascular, soft tissue, and neural structures?

Section 1: Background:

The definition and clinical framing of a "mangled extremity" have remained central areas of interest and debate within trauma
surgery for over four decades. Classically, an extremity injury is categorized as mangled when it sustains high-energy,
concurrent damage across multiple distinct anatomical systems specifically involving severe bony disruption combined with
severe trauma to surrounding vascular, soft-tissue, and peripheral nerve structures. Because these multi-tissue disruptions
frequently result from complex crushing, shearing, or blast forces, they present a profound threat to limb viability and
introduce immense reconstructive challenges.

Historically, various independent clinical scoring frameworks, such as the Mangled Extremity Severity Score (MESS), were
developed to objectify these injuries and help differentiate salvageable limbs from those requiring primary amputation.
However, large-scale prospective validations, including data from the Lower Extremity Assessment Project (LEAP), have
conclusively shown that these individual scoring indexes lack the predictive sensitivity necessary to serve as standalone
indicators for amputation.

A core clinical question centers on whether the diagnostic definition of a mangled extremity is appropriately captured by a
rigid structural requirement, such as the simultaneous injury to at least three out of four tissue components (skeletal,
vascular, soft tissue, and neural) [2]. Refining this definition is crucial for contemporary multidisciplinary "orthoplastic" trauma
protocols. A highly accurate, multi-component case definition ensures that combined surgical teams can rapidly identify the
severity of tissue destruction on Day 1, isolate hidden risk variables like severe myonecrosis or unrepairable nerve gaps, and
formulate effective triage paths that protect global patient physiology under a "life over limb" directive.



Section 2: Data extraction table

S.n | Author, Study Sample Size | Study population | Groups Results
o year of Design (add (Inclusion and compared
publicatio individually | exclusion
n, for each criteria)
Country group if
multiple
groups
compared)
1 Scalea et | Western N/A Adult trauma Traditional 1. Defines a mangled extremity as any limb
al., 2012, Trauma patients presenting | isolated clinical sustaining sufficiently severe, simultaneous
USA Association to civilian level 1 score thresholds injury to a combination of vascular, bony,
Copsepsus trguma centgrs vS. . soft tissue, and/or nerve structures to
Guidelines with acute, high- comprehensive

energy extremity
injuries.

multi-system
evaluation
protocols.

create viability concerns.

2. Explicitly states that all historical
individual predictive scoring systems
(including MESS, LSI, PSI, NISSSA, and
HFS) have failed to prove validity in large
prospective datasets.




3. Confirms that local tissue injury metrics
cannot be evaluated in isolation and must
be systematically balanced against the
patient's entire physiological injury burden
under a "life over limb" operational
directive.

Savetsky
etal.,,
2019, USA

Retrospecti
ve
Database
Cohort
Study

n=76
consecutive
patients

Patients presenting
with severe
traumatic upper
extremity injuries
proximal to the
digits over a 10-
year study window.

Successful
primary limb
salvage (n=39)
vs. failed salvage
resulting in
secondary
amputation (n=7)
Vs. primary
amputation
(n=30).

1. Formally operationalized a mangled
extremity case definition as any traumatic
injury involving >= 3 distinct tissue
components proximal to the digit.

2. The developed Mangled Upper
Extremity Score (MUES) using 8 binary
parameters (including age >40, crush
mechanism, and soft-tissue defects >50
cm”2) correlated significantly with total
hospital complications (P < 0.0001).

3. Proved that lower extremity-derived
scoring systems like the MESS are highly




unreliable in alternative anatomic regions,
exhibiting a dismal specificity of only 36%.

Sharma et
al., 2003,
India

Prospective
Clinical
Trial

n =50
patients (56
mangled
extremities)

Patients admitted
with high-energy
open limb fractures
(Gustilo-Anderson
Types llIA, 11IB,
and llIC).

Primary
successful limb
salvage (n=28)
VS. primary
amputation
(n=16) vs.
delayed
secondary
amputation
(n=12).

1. Confirmed a highly significant statistical
variance between the mean MESS values
of successfully salvaged limbs (4.7) and
those requiring amputation (8.6).

2. Documented that a strict score threshold
of >=7 achieved a positive predictive
value of 100% for secondary amputation.

3. Identified critical boundary failures where
severe crushing soft-tissue injuries or
peripheral nerve defects were under-
represented, leading to life-threatening
crush syndrome and recommending that
irreparable soft-tissue loss and neural
structures receive separate, additive weight
in the definition.




Rajasekar | Prospective | n = 109 open | Consecutive Ganga Hospital 1. Established a highly reliable,
an et al., Validation tibial injuries | patients presenting | Score (GHS) reproducible structural framework that
2006, Triage within 24 hours of | component independent observers used to grade the
India Study terre]lg:na VGVTs]tirl]égh_ ?_rR;J)stS(Groups severity of covering tissues, skeletal
TypegE{IA (n=42) tradition.al MESS tissues, and functional tissues separately
and Type lIB parameters for from 1to 5.
(n=67) open predicting
fractures. reconstruction
requirements.
2. Demonstrated excellent inter-observer
reliability for the individual tissue sub-
scores (Intraclass Correlation Coefficients
>=0.95), heavily outperforming the
subjective Gustilo classification.
3. Validated that isolating and grading the
specific soft-tissue, musculoskeletal, and
neural components independently provides
highly reliable prognostic parameters for
inpatient duration, deep infection rates, and
definitive flap type selections.
Shawen et | Retrospecti | N/A Military personnel | Multi-staged 1. Confirmed that complex open calcaneal
al., 2010, ve Trauma and civilian cohorts | orthoplastic and midfoot blast injuries (such as "deck-
USA gzt/ailgv?/se f\?gsr:irr]wlgggys/et;:;?’ ;eacigalsat;ic\t';’e slap" trauma) dynamically strip the soft-
or crush injuries to | primary or

the distal leg,

secondary lower-




ankle, and
hindfoot.

extremity
amputations.

tissue envelope and destroy osteological
architecture.

2. Validated that complete disruption of the
tibial nerve component or an irreparable
vascular injury serve as definitive, absolute
indications for primary amputation over
futile salvage.

3. Highlighted that the co-occurrence of
profound soft-tissue loss alongside major
nerve/tendon devasation regularly
produces a stiff, hypersensitive, and
functionless limb, validating a multi-system
definition approach.

Greyson &
Jones,
2022, USA

Clinical
Orthoplasti
c Review
and
Algorithmic
Analysis

N/A

Patients presenting
with complex,
mutilating upper
extremity trauma
involving
simultaneous
multi-tissue
destruction.

Radical index
debridement
protocols vs.
conservative
serial
debridement and
delayed soft-
tissue
reconstruction
workflows.

1. Characterized the "mangled hand" as a
mutilating injury that simultaneously
disrupts multiple distinct structural tissue
classes, including bone, skin,
musculotendinous units, and peripheral
nerves.




2. Advanced the core orthoplastic tenet
that the structural integrity or deficiency of
the soft-tissue envelope predicates all
subsequent steps for bone, tendon, and
nerve reconstruction.

3. Outlined that major unrepairable
peripheral nerve gaps combined with soft-
tissue devastation prevent basic pinch and
protective sensation, making primary
amputation functionally superior to an
insensate, painful salvaged limb.

Rivero &
Stevens,
2024, USA

Specialist
Orthopaedi
¢ Review

N/A

Patients presenting
with severe, high-
energy open tibial
shaft fractures and
associated limb-
threatening
trauma.

Traditional
historical
indications for
non-

salvageability vs.

modern
advanced
prosthetic and
osseointegration
functional
parameters.

1. Documents the classic clinical definition
of a "mangled extremity" as an injury
involving a fracture combined with
associated damage to at least two
additional distinct anatomical systems,
including major arteries, nerves, tendons,
and the soft-tissue envelope.




2. Long-term database evaluations from
the LEAP trial demonstrated that severe,
unviable muscle injury has the highest
correlation with primary amputation due to
severe infection risks.

3. Proved that modern nerve management
strategies (such as acute TMR or RPNI)
successfully control neuropathic pain,
transforming how surgeons evaluate the
functional outcomes of amputation vs.
salvage.

Section 3: Results summary write-up

The analyzed literature demonstrates that defining a mangled extremity on a multi-system, component-based framework provides
excellent diagnostic accuracy and reliable prognostic utility. Across separate anatomical regions and diverse mechanisms of high-
energy trauma, evaluating local skeletal disruption alongside individual soft-tissue, vascular, and neural parameters prevents the
clinical failures associated with single-specialty assessment.

Consensus guidelines from the Western Trauma Association formally define a mangled extremity as a limb sustaining sufficiently
severe, simultaneous injury to a combination of vascular, bony, soft tissue, and neural structures to create immediate viability
concerns [1]. Large prospective datasets confirm that historical individual scoring indexes (such as the MESS, PSI, and LSI) fail to



maintain standalone predictive validity, underscoring that local wound variables cannot be evaluated in isolation from global patient
physiology.

Database cohort studies focusing on upper-extremity injuries successfully operationalized this multi-system approach, defining a
mangled extremity as any injury disrupting three or more distinct tissue components proximal to the digits [2]. Utilizing this
component-based definition, the Mangled Upper Extremity Score (MUES) demonstrated a significant positive correlation with total
hospital complications and inpatient length of stay (P < 0.0001), proving superior to lower-extremity scoring models which exhibited
a low specificity of 36% when applied to alternative limbs [2].

Clinical validation trials in civilian cohorts emphasize that a multi-component evaluation avoids dangerous blind spots [3]. Historical
scoring boundaries frequently under-represent severe crushing soft-tissue injuries or peripheral nerve defects, leading to
catastrophic systemic conditions like crush syndrome and uremia [3]. Consequently, clinical evidence supports giving separate,
additive weight to individual tissue components within the definition [3]. This concept is further validated by prospective triage data,
where separating and independently grading the covering tissues, skeletal architecture, and functional tissues (muscles and
nerves) from 1 to 5 achieved exceptional inter-observer reliability (coefficients >= 0.95) [4]. This component-focused grading
system provides highly reliable parameters for predicting bone union timelines, deep infection risks, and definitive soft-tissue flap
requirements [4].

Military and civilian trauma reviews further highlight that distinguishing between specific tissue component deficits is vital for
identifying non-salvageable limbs. Landmark orthoplastic analyses demonstrate that the structural deficiency or integrity of the soft-
tissue envelope predicates all subsequent options for skeletal and neural reconstruction [6]. Total structural disruption of the
posterior tibial nerve component or an irreparable macrovascular injury serve as absolute, definitive indicators for primary
amputation over futile salvage [5]. When extensive bone and soft-tissue loss co-occur with irreversible nerve gaps, the resulting
limb is left chronically stiff and functionally useless. This reality is supported by long-term database evaluations where severe, non-
viable muscular tissue loss maintains the highest statistical correlation with primary amputation due to severe downstream infection
risks [7].



Section 4: Discussion

The surgical management of high-energy open extremity fractures has shifted fundamentally from isolated skeletal stabilization
toward an integrated, multi-specialty orthoplastic care model. Establishing a universally standardized, objective case definition is
critical for guiding index surgical debridements and multi-specialty triage pathways. The scientific literature reviewed in this
consensus analysis indicates that defining a mangled extremity as a simultaneous injury to at least three out of four anatomical
components skeletal, vascular, soft tissue, and neural structures is highly appropriate and clinically validated across both upper and
lower extremity trauma datasets.

The fundamental value of a multi-component definition is demonstrated by the systemic failure of historical, single-score thresholds
[1]. As outlined in the Western Trauma Association consensus directives by Scalea et al., traditional isolated scoring metrics have
repeatedly failed to demonstrate structural validity when applied to large, prospective civilian datasets [1]. These systems often
generated an unacceptable negative predictive value, creating a high risk of subjecting a patient to prolonged, highly morbid
salvage attempts that ultimately culminated in secondary amputation. By framing the diagnostic definition around simultaneous
multi-system involvement, the contemporary trauma surgeon is forced to move away from isolated bone or skin assessments and
look globally at the total burden of tissue destruction.

This multi-system requirement was formally operationalized and validated by Savetsky et al. in their 10-year cohort analysis of
complex upper extremity trauma [2]. Facing a historic lack of objective triage tools for mutilating arm and hand injuries, these
investigators utilized a strict case definition mandating simultaneous trauma to three or more distinct tissue classes proximal to the
digit [2]. The resulting Mangled Upper Extremity Score (MUES) demonstrated a powerful, direct statistical correlation with both
post-operative complications and total length of hospital stay (P < 0.0001) [2]. Crucially, their work exposed the anatomical danger
of misapplying isolated lower-extremity tools like the MESS to alternative regions, where they exhibited a dismal specificity of only
36% a deficit that would lead to inappropriate amputations in limbs with high salvage potential [2]. The multi-component definition
approach successfully bypasses these regional variations by focusing purely on the cumulative count of disrupted tissue layers [2].



Furthermore, prospective clinical data from Indian trauma systems demonstrates that a multi-component framework captures
critical boundaries that isolated scores routinely miss [3]. In a prospective trial of 56 mangled extremities, Sharma et al. identified a
cohort of young, hemodynamically stable patients who scored below traditional amputation thresholds despite sustaining massive
crush trauma [3]. Because their initial local scores under-represented severe soft-tissue destruction and peripheral nerve injury,
primary amputations were deferred, leading directly to the development of life-threatening crush syndrome and acute uremia [3].
These boundary failures led to the strong recommendation that irreparable soft-tissue loss and peripheral neural structures must
receive distinct, additive weight in the definition [3]. Peripheral nerve component damage, particularly severe crushing injuries to the
common peroneal or tibial nerves, frequently leaves a salvaged limb insensate and functionless. Factoring these individual
elements directly into a multi-system definition prevents the technical "success" of revascularizing an anatomically preserved but
permanently painful and nonfunctional extremity.

The practical utility of grading independent anatomical components is most elegantly executed by the Ganga Hospital Open Injury
Severity Score (GHOISS) [4]. Rather than grouping disparate injuries into highly inclusive categories like Gustilo Type 11IB,
Rajasekaran et al. established a reproducible matrix that independently grades the covering tissues, skeletal structures, and
functional musculotendinous/neural units from 1 to 5 [4]. This component-based division demonstrated exceptional inter-observer
reliability among both senior consultants and resident trainees, proving that a multi-system definition removes subjectivity from the
index evaluation [4]. More importantly, the individual sub-scores serve as explicit operational directives [4]. For example, a covering
tissue score >= 3 immediately flags the need for specialized plastic surgery free flap intervention, while a skeletal score of 4 or 5
isolates extensive segmental bone loss that dictates advanced bone transport reconstruction over standard internal fixation [4].

From an orthoplastic surgical perspective, Greyson and Jones reinforced that the structural status of individual tissue components
cannot be dissociated [6]. Their analysis outlines that the integrity or deficiency of the soft-tissue envelope serves as the absolute
predicate for all subsequent steps of skeletal stabilization and neural reconstruction [6]. When a high-energy mechanism causes
simultaneous devastation across three or more components, the microvascular and soft-tissue beds are often too compromised to
support primary nerve or bone grafting [6]. If the underlying neural structures are irreparably damaged, preventing basic protective
sensation and functional pinch, primary amputation emerges as an excellent reconstructive choice that avoids months of futile,
costly surgical interventions [6].



This definition is further corroborated by modern orthopaedic reviews detailing long-term functional tracking from the LEAP trial [7].
Rivero and Stevens documented that within the multi-system definition of a mangled extremity, severe, unviable muscle injury
carries the highest statistical correlation with primary amputation [7]. This is due to the catastrophic risk of fracture-related infections
and chronic osteomyelitis associated with devitalized soft tissues [7]. By defining a mangled extremity through simultaneous, multi-
system involvement, the surgical team can look beyond simple fracture lines and accurately balance local microvascular status
against global systemic stability.

In summary, the available body of evidence moves trauma care away from single-specialty decision-making. The literature
consistently demonstrates that the structural choice between limb salvage and amputation involves a complex calculation of local
skeletal loss, soft-tissue coverage viability, microvascular repair potential, and global systemic stability. Forcing a single surgeon to
balance these variables increases the risk of catastrophic triage failure [3]. Therefore, standardizing a mandatory, institutional
workflow requiring two senior consultants to jointly review and sign off on the definitive treatment plan on Day 1 represents the
safest, most effective strategy to optimize patient recovery and eliminate preventable treatment morbidity.

Section 5: Risk of bias of included studies

MODERATE

Section 5: Response/Recommendation

A mangled extremity is appropriately and effectively defined as a high-energy trauma causing simultaneous injury to at least three
of the following anatomical components: skeletal, vascular, soft tissue, and neural structures. Standardizing this multi-system,
component-based definition is clinically validated to remove subjectivity from index assessments, accurately capture multi-tissue
devastation, and provide an objective, reliable baseline for multi-specialty orthoplastic triage pathways.



Section 6: Level/ strength of Evidence:

MODERATE: The evidence base supporting this multi-component definition is composed of high-quality prospective validation
triage studies, long-term multi-center trauma registries (such as the LEAP database), and retrospective database cohort reviews,
rather than randomized controlled trials (RCTs). The high degree of statistical correlation between multi-component scores and
clinical outcomes across both upper and lower extremity trauma networks provides a solid foundation for this structural definition.

References

[1]. Scalea TM, DuBose J, Moore EE, West M, Moore FA, Mcintyre R, Cocanour C, Davis J, Ochsner MG, Feliciano D. Western
Trauma Association Critical Decisions in Trauma: Management of the mangled extremity. J Trauma Acute Care Surg.
2012;72(1):86-93. doi:10.1097/TA.0b013e318241ed70.

[2]. Savetsky IL, Aschen SZ, Salibian AA, Howard K, Lee ZH, Frangos SG, Thanik VD. A Novel Mangled Upper Extremity
Injury Assessment Score. Plast Reconstr Surg Glob Open. 2019;7(9):e2449. doi:10.1097/GOX.00000000000024459.

[3]. Sharma S, Devgan A, Marya KM, Rathee N. Critical evaluation of mangled extremity severity scoring system in Indian
patients. Injury. 2003;34(7):493-496. doi:10.1016/S0020-1383(02)00214-0.

[4]. Rajasekaran S, Naresh Babu J, Dheenadhayalan J, Shetty AP, Sundararajan SR, Kumar M, Rajasabapathy S. A score for
predicting salvage and outcome in Gustilo type-IlIA and type-IlIB open tibial fractures. J Bone Joint Surg Br. 2006;88-
B(10):1351-1360. doi:10.1302/0301-620X.88B10.17631.

[56]. Shawen SB, Keeling JJ, Branstetter J, Kirk KL, Ficke JR. The Mangled Foot and Leg: Salvage Versus Amputation. Foot
Ankle Clin. 2010;15(1):63-75. doi:10.1016/.fcl.2009.11.005.

[6]. Greyson MA, Jones NF. The integrity or deficiency of the soft tissue envelope predicates the decisions for
reconstruction of the mangled hand. Orthoplastic Surgery. 2022;8:26-33. doi:10.1016/j.orthop.2022.02.002.

[7]. Rivero S, Stevens NM. The nonsalvageable tibia: amputation and prosthetics. OTA Int. 2024;7(3):e306.
doi:10.1097/019.0000000000000306.



	References

