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Background: We aimed to identify degloving soft tissue injury (DSTI) patient char-
acteristics, injury and reconstruction patterns, and factors affecting outcomes of
DSTI injuries to propose a reconstructive protocol for these injuries.

Methods: A retrospective analysis of consecutive patients with DSTIs of an extrem-
ity over a 22-year period has been done.

Results: 188 patients with 201 extremity DSTIs were included. Mean patient age
was 37 years, with follow-up of 19.6 months. In total, 96% of injuries were related to
motor vehicles or machinery, and 74.6% of DSTIs had injuries to structures deep
to skin/subcutis. The avulsed tissue was utilized in reconstruction in 71.6% of cases
and 86.8% of these experienced some loss of the used avulsed tissues. Of the total
cases, 82% employed skin grafting in reconstruction. Dermal regeneration tem-
plates were used in 32% of patients. An estimated 86.5% of patients had negative
pressure wound therapy utilized. Of the injured patients, 21% required flap recon-
struction and 22% required some form of amputation. Age, body mass index, and
tobacco use did not increase perioperative complications or amputation. DSTIs
with injury to structures deep to skin/subcutis were associated with negative pres-
sure wound therapy use (P =0.02). DSTIs with underlying fractures required more
procedures to reach reconstruction completion (P = 0.008), had more minor
(P =0.49) and major perioperative complications (P =0.001), longer time to heal
(P =0.002), and increased need for amputation (P =0.02).

Conclusions: Factors affecting the reconstructive management and outcome
of DSTIs include injury to structures deep to the skin/subcutis. We categorized
DSTIs based on the level of injury and proposed a systematic approach to extrem-
ity DSTIs which may be utilized by plastic surgeons and other surgical services to
manage these complex injuries. (Plast Reconstr Surg Glob Open 2020;8:¢3277; doi:
10.1097/GOX.0000000000003277; Published online 20 November 2020.)

INTRODUCTION
Degloving soft tissue injuries (DSTIs) of the extrem-
ity are limb-threatening injuries produced by shearing
forces applied to soft tissues during high-impact trauma.’

co-existing injuries, and degree of tissue loss. The true
incidence of DSTTs is unknown due to the variable nature
of these injuries, the lack of widely accepted diagnostic
criteria, and unknown prognostic indicators.*’

The avulsion of native tissues from one another may devas-
cularize these structures and create debilitating wounds.
Each DSTT is unique and differs in complexity based upon
the mechanism of injury, anatomic location, presence of
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The basic treatment principles of extremity DSTIs
include early diagnosis, excision of devitalized tissues,
revascularization, and skeletal fixation as indicated. Once
these limb-preserving interventions are executed, the
affected extremity commonly requires reconstruction to
restore meaningful function. Damage to structures includ-
ing fascia, muscle, tendon, nerve, blood vessels, and bone
requires a multidisciplinary approach across surgical sub-
specialties to achieve optimal outcomes.""

To date, the majority of literature regarding DSTIs of
the extremity have been descriptive in nature, focusing
on management techniques for the avulsed soft tissues. In
this study, we aim to identify patient characteristics, injury
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types, and reconstruction patterns affecting patient out-
comes who suffer from traumatic DSTIs. Furthermore,
we propose a management protocol to standardize the
approach to reconstruction and to expedite the use of
resources necessary to successfully treat these devastating
injuries.

METHODS

After obtaining institutional review board approval, a
retrospective analysis was conducted for evaluating con-
secutive patients with DSTIs of an extremity over a 22-year
period at a single, academic institution. Patients included
in the study were those with a confirmed DSTI on medical
record evaluation (documented injury descriptions, clinical
images) and DSTI International Classification of Diseases,
Ninth Revision, codes (ICD-9, codes encompassing extrem-
ity wounds with or without foreign body) and International
Classification of Diseases, Tenth Revision, codes (ICD-10,
codes equivalent to ICD-9 codes in addition to specific ICD-
10 degloving injury codes). Patients excluded from the study
were those lacking the presence of a DSTI based on descrip-
tions, images, or codes identified in the medical record.
Morel-Lavallée injuries (closed DSTIs) and finger deglov-
ing injuries were excluded from the study. Data collected
included patient age, gender, occupation, medical comor-
bidities, smoking status, injury mechanism and extremity
involved, vascular assessment of the degloved tissue and its
use, associated extremity injuries, surgical management of
the injuries and their reconstruction, perioperative compli-
cations, and time to wound healing. Patient age was subcat-
egorized into <18 years, 18-39 years, 40-59 years, and 260
years. Time to heal was divided into <2 weeks or >2 weeks.
Perioperative complications were classified into major and
minor, in which major complications required hospital
admission, unplanned procedures, or unplanned return to
the operating room. Minor complications were those that
could be managed in the clinic setting. Associated extrem-
ity injuries were analyzed per extremity while complications
were analyzed per patient injured.

Descriptive statistics (including means and SDs for
continuous measures, frequencies, and proportions) were
calculated for all study measures. With some subjects hav-
ing multiple injuries, repeated measures logistic regres-
sion models (with Generalized Estimating Equations, or
GEE, and an exchangeable correlation structure) were
used to test for associations between outcomes and poten-
tial predictor variables. SAS (version 9.4; Cary, N.C.) was
used for all statistical analyses. Statistical significance of
P < 0.05 was utilized.

RESULTS

A total of 188 patients with 201 extremity DSTIs
were included. The injuries were initially evaluated and
managed by multiple independent surgical services.
Specifically, the general surgery service at our institution
evaluated over half of the patients at initial presentation (n
=98, 52.1%). The mean patient age at the time of injury
was 37 years, with a mean follow-up of 19.6 months. Over
75% of injured patients were men, and 13.3% of patients
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Table 1. Characteristics of DSTI Study Patients

Characteristic Data
Total Patients, n 188
Total DSTIs, n 201
Age, mean (SD),y 37 (18.6)
Body mass index, mean (SD), kg/ m? 27.8 (7.2)
Follow-up, mean (SD), m 19.6 (26.7)
Male, n (%) 142 (75.5)
Female, n (%) 46 (24.5)
Pediatric (<18y), n (%) 25 (13.3)
Adult (>18y), n (%) 163 (86.7)
Diabetes, n (%) 13 (6.9)
Active tobacco use, n (%) 80 (42.6)
CAD, n (%) 12 (6.4)
Hypertension, n (%) 42 (22.3)
PAD, n (%) 1(0.5)

Initial service to evaluate and manage injury
General surgery, n (%) 1
Orthopedics, n (%) 1
Plastic surgery, n (%) 25 (13.3
Pediatric surgery, n (%) )

Table 2. Characteristics of DSTI Injuries and Associated
Injuries

Characteristic Data
Injured extremity
Upper extremity, n (%) 98 (48.8)
Lower extremity, n (%) 103 (51.2)
DSTI involving skin/subcutis, n (%) 51 (25.4)

DSTTI involving skin/subcutis + deeper structures, n (%)

150 (74.6)
Vascular injury, n 35

Nerve injury, n 22
Bone fracture, n 126
Tendon laceration, n 50
Burn, n 14
Non-extremity injury, n 3

were aged <18 years. The mean patient body mass index
was 27.8 Kg/m? and the comorbidities analyzed included
active tobacco use (42.6%), diabetes mellitus (7%), hyper-
tension (22.3%), coronary artery disease (6.4%), and
peripheral vascular disease (0.5%) (Table 1). Ninety-six
percent of these injuries were related to motor vehicles or
machinery, and they were evenly distributed between the
upper and lower extremity (Table 2).

Over 74% of the extremity DSTIs had injuries to
anatomic structures deep to skin and subcutaneous tis-
sues, most commonly bone fractures (n = 126, 62.7%)
(Table 2). Patients required an average of 5.6 opera-
tions to reach reconstruction completion. All injured
extremities underwent debridement, and 82% of injuries
employed skin grafting as a reconstructive technique. In
the majority of cases, the avulsed soft tissues were used in
the reconstruction (n = 144, 71.6%). Of those patients,
86.8% experienced either partial or complete loss of
this tissue (referred to as “usable tissue”). Use of dermal
regeneration templates (DRTs) and negative pressure
wound therapy (NPWT) was at the discretion of the opera-
tive team/surgeon. Although no significant relationship
was identified between the presence of a bone, tendon, or
nerve injury and the use of a DRT, they were used in 32%
of patients. NPWT was utilized in 86.5% of patients and,
when utilized, it was commonly initiated at the first opera-
tive debridement and an average of 3.8 dressing changes
were completed before definitive wound management.



Velazquez et al. ® Degloving Soft Tissue Injuries of the Extremity

Table 3. Operative Characteristics of Study Group

Table 4. Summary of Extremity DSTI Complications

Characteristic Data Characteristic Data
Patients that underwent operative debridement, n (%) 188 (100) Patient with perioperative complication, n (%) 80 (42.6)
No. debridements before reconstruction, mean (SD) 3.1 (2.1) Patient with major perioperative complication, n (%) 62 (77.5)
No. procedures to reconstruction completion, mean (SD) 5.6 (3.3) Patient with minor perioperative complication, n (%) 18 (22.5)
Use and loss of degloved tissues Total perioperative complications, n 194
Available and used in reconstruction, n (%) 144 (71.6) Myocardial infarction, n 2
Complete or partial loss of used avulsed tissue, n (%) 125 (86.8) Compartment syndrome, n 9
Reconstructive interventions Extremity ischemia, n 7
Bony fixation, n 98 Flap loss, n 4
Bone graft, n 1 Delayed wound healing, n 22
Vascular reconstruction®, n 17 Hematoma, n 5
Vascular ligation, n 11 Nerve injury/ compression/ palsy, n 8
Nerve repair, n 7 Joint contracture, n 29
Nerve graft, n 3 Bony nonunion or malunion, n 12
Fasciotomy, n 33 Complex Regional Pain Syndrome, n 8
Tendon repair, n 24 DVT/PE, n 4
Tendon transfer, n 9 DRT Infection/ Loss, n 8
Tendon graft, n 2 Skin Graft Infection/ Loss, n 10
Skin graft, n 165 Flap Infection, n 3
DRT, n 65 Skin Graft or Flap Donor Site Infection, n 2
NPWT, n 174 Tissue Expander or Hardware Infection/ Loss, n 5
Pedicled or free flap, n 42 Wound Infection, n 21
Time to heal per DSTI Osteomyelitis, n 11
<2wk, n (%) 67 (33.3) Abscess, n 13
>2wk, n (%) 134 (66.6) Cellulitis, n 9
Amputation, n (% of injured extremities) 44 (21.8) Septic Shock, n 2
*Vascular reconstructions performed acutely to re-vascularize the limb. Infectious Complication, n (% of all Complications) 84 (43.3)

Twenty-two percent of patients required flap reconstruc-
tion consisting of 32 pedicled flaps and 13 free flaps, and
one-third of extremity DSTIs healed in the 2 weeks or less
timeframe. Despite limb salvage and reconstructive proce-
dures employed, 22% of patients required some form of
amputation (Table 3). The overall complication rate was
42.6%, and the majority of these complications (77.5%)
were major complications. Over 40% of documented com-
plications were infectious in nature (Table 4).

Regarding factors affecting the reconstructive technique
utilized, DSTIs with injury to structures deep to skin/sub-
cutaneous tissues, particularly those with tendon injuries,
were associated with NPWT use (P =0.02, OR 2.86, 95% CI
1.24-6.63) indirectly indicating the clinical reasoning for
its use (Table 5). Furthermore, the general presence of any
comorbidity did not affect the occurrence of a perioperative
complication, the need for amputation, the number of sur-
gical interventions, or time to heal (Table 6). Comorbidity
subgroup analysis demonstrated that the presence of hyper-
tension was associated with a higher rate of amputation
compared with other individual comorbidities (P = 0.029,
OR 2.63, 95% CI 1.26-5.51). DSTIs with injuries to struc-
tures deep to skin and subcutaneous tissue were noted to
have higher rates of perioperative complications and ampu-
tation, more surgical interventions, and longer time to heal.
DSTIs with a bone fracture required more procedures to
reach reconstruction completion (P = 0.008), had more
minor (P =0.49, OR 3.04, 95% CI 1.03-8.93) and major
perioperative complications (P = 0.001, OR 2.71, 95% CI
1.40-5.25), longer time to heal (P =0.002, OR 2.70, 95% CI
1.49-4.91), and increased need for amputation (P = 0.02,
OR 2.40, 95% CI 1.11-5.19) (Table 6).

DISCUSSION

DSTIs of the extremity are avulsion-type injuries associ-
ated with significant patient morbidity.” The true incidence

Bold entries denote infection-related complications which accounted for
43.3% of all complications that occurred in study group.

of this injury type is unknown due to several factors, includ-
ing, but not limited to, the myriad of possible etiologies of
a DSTI, the lack of standard diagnostic criteria defining
them, and the variability in injury severity. Furthermore,
the mechanism of DSTI and presence of associated injuries
not only affects the clinical setting of initial management
(wound care center, outpatient clinic, emergency depart-
ment, or trauma center) but also the healthcare specialty
treating the injury. Despite the above variables, treatment
generally begins with defining the injury by determining
injured tissue viability and debridement of necrotic and
poorly perfused tissues. This is followed by repair of sal-
vageable structures and determination of the ideal soft tis-
sue coverage for the injured regions.*'"!?

Due to the paucity of available literature concerning
overall extremity DSTI management and factors affecting
their prognosis, this study was undertaken. To our knowl-
edge, we report the largest cohort of extremity degloving
injuries evaluated and managed at an academic hospital
in the United States. We characterize extremity DSTIs by
identifying patient characteristics who sustain these inju-
ries, injury etiologies and tissues injured, injury manage-
ment and reconstruction outcomes, as well as the factors
affecting them. Based upon these findings and knowledge
of current extremity DSTI literature, we propose a classifi-
cation system and treatment algorithm.

The initial evaluation and management of degloving
injuries affects their outcome. Factors contributing to this
include diagnostic challenges faced by healthcare provid-
ers unfamiliar with this injury type and the lack of clear
decision-making strategies for DSTIs. This frequently
results in underestimation of underlying tissue damage
and delay in definitive wound management increasing the
risk of infection.” At our institution, initial evaluation of
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Table 5. Factors Affecting DSTI Reconstruction Techniques

NPWT Use DRT Use Flap
Associated Injury (P, OR, and 95% CI) (P) P)
Vascular NS NS NS
Nerve NS NS NS
Bone Fracture NS NS NS
Tendon Injury 0.015, 2.86 (1.24, 6.63) NS NS
Burn NS NS NS

extremity DSTIs was most commonly completed by the
general surgery service. This is typical for our hospital set-
ting because general surgery is the initial surgical team to
evaluate level 1 and 2 trauma patients. Albeit less frequent,
orthopedics, vascular surgery, pediatric surgery, and plas-
tic surgery were also noted to be services that assumed
initial care of these patients. In addition to multiple dif-
ferent teams managing these patients, many patients in
our cohort required evaluation by more than one surgi-
cal service in the emergency department. Although this
provided necessary healthcare and interventions, initial
evaluation and management of these injuries by differ-
ent surgical specialties may have introduced a significant
confounder into the care and ultimate outcome of the
patient’s injury. For instance, initial management of a
complex DSTI requiring multiple service evaluations may
increase the time to treatment. If surgical interventions
are performed by multiple services, this may result in over
or underresection of injured tissues affecting injury size
and reconstructive needs. The theoretical advantage of
minimizing the number of involved services, or organiz-
ing management into an established multidisciplinary
team, is decreased time interval between presentation
and definitive wound management. Improved efficiency
to DSTI management has been shown to increase viabil-
ity of extremity structures and decrease the risk of infec-
tion from traumasite inoculation.” A multidisciplinary
approach with early involvement of intensivists and surgi-
cal teams, including reconstructive surgery, is essential in
the care of these patients. Mello et al."” analyzed cases of
degloving injuries and compared outcomes of early versus
delayed assessment by the plastic and reconstructive sur-
gery team. They found that delayed assessment resulted
in an increased number of operations as well as length of
hospital stay.”” Based upon the above, as well as the iden-
tification that over 40% of complications in our patient
population were infectious in origin, our group is actively
developing a multidisciplinary team to manage these
patients once they are identified.

Other factors that may expedite evaluation and ini-
tiation of DSTT treatment include methods employed to
define tissue viability. At our institution, clinical evaluation

Table 6. Factors Affecting DSTI Outcomes
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of injured tissues by the surgical team was utilized in most
cases to assess for tissue viability. However, this method
is subjective, varies among providers, and can be unreli-
able when used alone. In our patient cohort, Indocyanine
green fluorescent angiography (ICGFA) was utilized to
assess tissue perfusion as a reflection of tissue viability in
a limited number of cases and its benefit, or lack thereof,
cannot be determined from the study cohort. Although
ICGFA has been used extensively to determine the ade-
quacy of tissue perfusion and predict skin flap necrosis,
it has not achieved widespread use in the evaluation of
degloved soft tissues.'"'” Green et al.'"® conducted a retro-
spective review of war-related traumatic extremity injuries
and amputations.'® Fluorescent angiography was used to
assess perfusion concerns in 35 cases and found ICGFA to
not only reduced perfusion-related complications but also
aided intraoperative surgical decision-making.'® Similarly,
Mothes et al." reported the prognostic power of ICGFA
to be higher than other objective measures in predicting
tissue necrosis and reported a 47.2% procedure modifica-
tion based on their intraoperative ICGFA findings.'” These
studies, in addition to its use in our cohort, suggest that
there is a basis for implementation of ICGFA into recon-
struction algorithms and the evaluation of degloved soft
tissues.

Patients identified with extremity DSTIs were most
commonly overweight adult males who sustained a
degloving injury due to some form of machinery. The
most common comorbidities identified in the patient
cohort were hypertension and tobacco use. The pres-
ence of comorbidities (ie, diabetes, smoking) and their
associated hostile tissue microenvironment (ie poor
perfusion, infection) have the potential to limit tissue
healing, increase the risk of complications, and prolong
patient recovery.””?! Despite this, the general presence of
a comorbidity within our patient population was not asso-
ciated with worse outcomes. This correlates with previous
reports that outcomes of severe extremity injuries may be
more affected by the patient’s social, economic, and per-
sonal resources rather than by their physical status and
initial injury treatment.”

Three-quarters of the degloving injuries in our patient
cohort involved skin and subcutaneous tissue layers in
addition to deeper structures. Classification schemes have
been developed to describe and organize complex extrem-
ity injuries. In 1976, Gustilo and Anderson® classified tib-
ial fractures in the context of overlying soft tissue damage
severity.” Similarly, Tscherne and Stidkap'? classified bony
fractures based on the presence of an open wound ver-
sus a closed wound, as well as described their subsequent
management.'”” The AO/ASIF classification of extremity

Perioperative
Complication Amputation More Operative Time to Heal: >2wk
Characteristic (P, OR, and 95% CI) (P, OR, and 95% CI) Interventions (P) (P, OR, and 95% CI)
ANY comorbidity NS NS NS NS
ANY associated injury 0.006, 2.9 (1.53, 5.54) 0.008, 3.15 (1.16, 8.54) 0.0003 0.017, 2.42 (1.23, 4.78)
Bone fracture 0.0006, 2.9 (1.53, 5.54) 0.015, 2.4 (1.11, 5.19) 0.0088 002, 2.7 (1.49, 4.91)
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injuries includes the delineation of deep structures inju-
ries (ie, muscle, tendon, nerve, and vasculature).?!

Only recently noted in the literature, descriptive sys-
tems specific to degloving injuries are few and not uni-
versally employed due to specific limitations. Arnez et al.*
retrospectively reviewed 68 patients with 79 degloved limbs
to describe soft tissue injury patterns and their relation to
prognosis. The authors categorized DSTIs into abrasion/
avulsions, non-circumferential deglovings, circumferen-
tial deglovings in a single-plane (usually between deep fas-
cia and subcutaneous tissues/ skin), and circumferential
multi-plane deglovings.! Similar to our cohort, the more
complex the injury pattern, the less likely the wounds
would heal with primary closure and would need alterna-
tive soft tissue reconstruction. While this grading pattern
organizes limb DSTIs into basic groups and identifies the
direct relation of injury pattern grade to poor prognosis,
it does not describe other factors that affect patient out-
comes or the use of commonly employed interventions in
today’s wound management armamentarium. Yan et al.®
proposed an alternative degloving classification system
in 2013. The group reviewed 102 patients with 129 lower
extremity skin avulsions and described the technique of
avulsion wound radical debridement followed by immedi-
ate full-thickness skin grafting using the avulsed skin. The
authors grouped injuries into 3 patterns: pure degloving
injury (either circumferential or non-circumferential),
degloving injury involving deep soft tissues, and deglov-
ings with long-bone fracture.” The magnitude of shearing
forces required to produce these patterns were noted to
increase between pure deglovings and those with associ-
ated long-bone fractures.” While the authors report results
of their technique, factors affecting patient outcomes were
not clearly identified nor were use of other accepted man-
agement techniques. Interestingly and in contradistinc-
tion to our patient cohort where NPWT was utilized in the
majority of cases particularly when tendon injuries were
present, Yan et al.” did not find this intervention helpful
due to skin graft losses in several patients where NPWT
was employed.” Furthermore, this group followed a pro-
tocol of immediate radical debridement and reconstruc-
tion, which is quite different than the more conservative
approach applied at our institution to minimize the sacri-
fice of potentially healthy tissues. We identified that 71.6%
of extremity deglovings had avulsed tissue available at the
time of evaluation and this was utilized for attempted
closure of the wounds. Due to the lack of standardized
descriptions/measurements or images of the degloving
injury as it evolved through management, objective evalu-
ation of loss of used soft tissues in reconstruction could
not be determined beyond partial or complete loss. Of
the patients with avulsed tissue used in attempted closure,
approximately 15% maintained at least part, if not all, of
those used tissues. Although high percentage of patients
will lose some salvaged tissue, an attempt at its preserva-
tion is justified to minimize future interventions or to con-
trol the size of skin graft or flap donor sites.

The majority of the literature specific to degloving
injuries focuses on degloved tissue handling techniques
or reconstructive options. For instance, the use of avulsed

skin as a full-thickness skin graft has been described, as
well as difficulties maintaining graft position due to edema
and bleeding.” Perforated patterns, such as that described
by Jeng et al,*® have been used to minimize seroma for-
mation and improve full-thickness graft success rates. The
use of DRTs in the reconstruction of degloving injuries has
been increasing. Graham et al.”” conducted a retrospective
review of 10 patients who were treated with Integra DRT
followed by split-thickness auto-grafting. They reported
that 9 of 10 patients experienced adequate cosmetic and
functional results.”” Similarly, Dini et al.* described the
management of a subtotal, circumferential lower extrem-
ity degloving injury with cryopreserved split-thickness skin
graft (STSG) in combination with a DRT and NPWT ther-
apy.” Reynolds et al.” investigated the role of Integra DRT
in complex hand wounds from non-burn trauma.* The
case series included patients with exposed bone, tendon,
and joints and demonstrated a high rate of reconstructive
success and return to pre-injury function levels with the use
of this DRT.* Although the above series are small, their
results support the use of DRTs as an option in the man-
agement of complex wounds to achieve adequate aesthetic
and functional outcomes.”* Dermal regeneration tem-
plates were employed in 32% of degloved limbs, further
supporting the trend of increasing use of these materials in
the management of complex extremity injuries.
Reconstructive algorithms for complex extremity inju-
ries have been described with potential benefits in patient
outcomes.” Based upon the above characterization of
extremity DSTIs and the factors affecting their outcomes, we
propose an extremity DSTI classification and management
algorithm. Although we understand there are nuances to
the management of DSTIs of different anatomic locations,
the proposed classification system simplifies the injuries
into 2 groups based upon the anatomic level of injured tis-
sues, which is generalizable to various anatomic levels due
to the presence of fascial structures in both the upper and
lower extremity. “Superficial” extremity DSTIs are those
with tissue injuries isolated to structures superficial to the
extremity’s deep fascia and may be managed with either
full thickness or split thickness skin grafting, based on the
surgeons experience and expertise. In contrast, “Deep”
extremity DSTIs are those with tissue injury superficial and
deep to the extremities deep fascia. The management algo-
rithm relies on the “usability” of degloved tissues and the
status of underlying critical structures including tendon,
paratenon, bone, and periosteum (Fig. 1). The clinical
impact of the proposed algorithm is to provide a simpli-
fied thought process for a variety of practitioners that may
evaluate and begin management of an extremity DSTI. The
anatomic component of the algorithm provides an easily
identifiable anatomic level to cue the evaluating service of
the likelihood of the presence or absence of deeper injury
and the need for multidisciplinary evaluation and care.
Limitations of the study include its completion at a single
institution as well as its retrospective nature. Our cohort was
not randomly assigned to specific interventions, although
this may be impossible to do in this patient population.
Despite this, we are currently studying the implementation
of the above management approach in a prospective manner
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DSTI of the
Extremity

Superficial DSTI

Debride, STSG, +/-
NPWT

De-fat tissue, apply
as FTSG, +/- NPWT

Paratenon intact?
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Hardware fixation?

Debride, local-

regional vs free
flap, +/- STSG

Repair tendon, de-
fat tissue, apply as
FTSG, +/- NPWT

Repair tendon,
DRT, staged STSG
+/- NPWT

Periosteum intact?
Debride, local-
regional vs free
flap, +/- STSG

See: no tendon
injury or bone injury
requiring fixation

Fig. 1. Extremity DSTI classification and management algorithm. Usable tissue, degloved tissues deemed salvageable; FTSG, full-thickness

skin graft.

to evaluate its effects on end-points such as treatment times
and patient outcomes. Use of ICD-9/ICD-10 codes, clinical
descriptions, and images of the injuries from the electronic
medical record may be considered a limitation of this study
since characterization of the injury orientation/ geometry
and remnant tissue vascularity could not be routinely iden-
tified. Furthermore, data regarding functional outcomes
of extremity use, particularly for the upper extremity, were
unavailable or incomplete, limiting the description of
patient outcomes in our cohort. Additionally, DSTIs man-
aged in an outpatient setting or those that were misdiag-
nosed as lacerations or other injury types may have gone
unaccounted. Our experience also lacks generalizability
beyond an academic, level 1 trauma center because care of
this injury type requires healthcare providers familiar with
DSTIs as well as those capable of advanced imaging tech-
niques and reconstructive procedures.
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CONCLUSIONS

DSTIs are complex injuries managed by a variety of sur-
gical services, which may require multiple operations and
a variety of techniques for reconstruction. Avulsed tissue
resulting from an extremity DSTT is frequently available and
used during the initial reconstructive efforts. However, this
method has a high rate of tissue loss. Factors affecting out-
comes and reconstructive management of DSTIs include
injury to structures deep to skin/subcutis. Reconstruction
efforts for injuries involving tendon disruption frequently
involve the use of NPWT. DSTIs have a high complication
rate, most of which are secondary to infections.

Any extremity DSTI with an associated injury is associ-
ated with an increased risk of amputation, particularly an
extremity DSTI with an underlying bone fracture. Based
on the above, we categorize DSTIs based on anatomic
level of injury and propose a systematic approach to the
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reconstruction of DSTIs, which may be utilized by plastic
surgeons and other surgical services to aid in the care of
these complex injuries.
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