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Abstract
Bone and soft tissue sarcomas consist of a heterogeneous group of malignant tumors of
mesenchymal origin that can affect patients from any age. The precise staging of these
lesions determines the best therapeutic strategies and prognosis estimates. Two staging
systems are the most frequently used: the system proposed by the University of Florida
group, led by Dr. William F. Enneking (1980) and adopted by the Musculoskeletal Tumor
Society (MSTS), and the system developed by the American Joint Committee on Cancer
(AJCC) (1977), currently in its 8th edition (2017). This paper updates the reader on the
staging of bone and soft tissue sarcomas affecting the musculoskeletal system.
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Resumo Os sarcomas ósseos e das partesmoles consistem emgrupo heterogêneo de neoplasias
malignas de origem mesenquimal que podem ocorrer em qualquer faixa etária. O
estadiamento preciso destas lesões determina as melhores estratégias terapêuticas e
estimativas de prognóstico. Dois sistemas de estadiamento são os mais frequente-
mente empregados no manejo destas neoplasias: o sistema proposto pelo grupo da
Universidade da Flórida, liderado pelo Dr. William F. Enneking (1980), adotado pela
Musculoskeletal Tumor Society (MSTS) e o sistema desenvolvido pela American Joint
Committee on Cancer (AJCC) (1977) que se encontra em sua 8a edição (2017). O
presente artigo busca atualizar o leitor a respeito do estadiamento dos sarcomas
ósseos e das partes moles que acometem o sistema musculoesquelético.
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Introduction

Bone and soft tissue sarcomas affect, respectively, 1 and 5
subjects per 100,000 people/year. Together, they account for
� 1% of all malignancies in humans.1

Since the most frequent clinical manifestations of bone
and soft tissue sarcomas are pain and a mass at the affected
segment, respectively, orthopedic surgeons often are thefirst
specialists to evaluate affected patients. In case of clinical
suspicion, specialized management, through appropriate
imaging tests for staging and planning, in addition to a
biopsy, will allow accurate and timely diagnosis and fast
start of an adequate treatment, which is critical to preserve
the affected limb and cure the disease.

By definition, sarcomas potentially develop metastases,2

which impact the prognosis.
Staging consists in approaching the patient from the

initial examination to the histological diagnosis and defini-
tive classification of a tumor.2

For decades, staging has been a critical tool to estimate
prognosis, support therapy-related decisions and stratify
patients into risk categories for clinical trials.2,3 The Union
for International Cancer Control (UICC) defined the main
goals of staging: guide therapeutic planning; estimate prog-
nosis; help evaluate treatment outcomes; make interinstitu-
tional communication effective; and contribute to scientific
research.4

Cancer staging is considered essential for disease control.5

Several systems have been described to stage primary ma-
lignant tumors of musculoskeletal system.3–12 However, the
system proposed by William F. Enneking et al. and adopted
by the Musculoskeletal Tumor Society (MSTS)6 and the
system developed by the American Joint Committee on
Cancer (AJCC)8,9 are the most used in the clinical practice.
The present paper aims to update the reader on bone and soft
tissue sarcomas staging, using the Enneking/MSTS system6

and the TNM classification (AJCC), in its 8th edition (2017).8,9

Role of Imaging and Pathology in Evaluating
Bone and Soft Tissue Sarcomas

Musculoskeletal tumors are diagnosed in at least one of the
following clinical scenarios: pain, bony prominence, palpa-
ble soft tissue mass, pathological fracture, or incidental
finding on imaging studies.12

Clinical history and physical examination are often suffi-
cient to raise suspicion on amusculoskeletal tumor, although
radiographic examination is the most common test to reveal
it.13,14

Imaging is used for detection, diagnosis and differential
diagnosis, as well as evaluation (staging) of primary malig-
nant musculoskeletal tumors.13

Conventional, orthogonal radiographs provide informa-
tion regarding appearance, intraosseous extension, tumor
matrix, and margins between the tumor and host bone.
Cortical destruction and periosteal reaction are associated
with invasive bone tumors.14,15 In soft tissue tumors, radio-
graphs allow the detection and definition of the mineraliza-

tion pattern of a lesion, aiding the diagnosis/differential
diagnosis with other tumors or pseudotumoral lesions
(ossifying myositis, tumor calcinosis, vascular malforma-
tions, gout, extraskeletal mesenchymal chondrosarcoma,
extraskeletal osteosarcoma, liposarcoma and synovial sarco-
ma); in addition, they reveal valuable information on tumor
density (adipocytic tumors) and possible underlying bone
involvement.14,16

In view of a bone or soft tissue lesion with clinical and
radiographic characteristics denoting biological aggres-
siveness, additional imaging tests are required12 to deter-
mine local extension, distant spread (metastases) and
histological diagnosis (►Figure 1).

Local Staging
Local extension of a sarcoma is defined by the involved
anatomical spaces. Understanding the relevant topographic
anatomy is crucial to define the best therapeutic approach to
each clinical situation.17

In appendicular segments, joint capsule and cartilage,
cortex, periosteum fascial septa, muscle origins and attach-
ments act as natural barriers to tumoral dissemination, defin-
ing compartments; a tumor confined to a compartment is
considered intracompartmental, which is a stage below to a
lesion surpassing such barriers to become extracompartmen-
tal. Sarcomas grow centrifugally through lower resistance
areas and they are partially contained by a pseudocapsule, in
which they can remain confined. Malignant cells, however,
tend to extend themselves beyond these limits; if this occurs,
but the tumor remains confined to a given anatomical com-
partment, the lesion is deemed extracapsular and intracom-
partmental; if the lesion invades an adjacent compartment, it
is classified as extracompartmental.18

The multiplanar assessment and soft tissue enhancement
provided by magnetic resonance imaging (MRI) or, if this
modality is contraindicated or unavailable,8,11 computed
tomography (CT) with contrast media, made these imaging
tests indispensable to local staging19; occasionally, MRI and
CT can be requested together, as they provide additional
information that helps delineating the lesions under study.17

It is worth mentioning that these tests must be performed
before biopsy to avoid artifacts interfering with image
interpretation.20

Magnetic resonance imaging is considered superior to CT
for the local staging of bone sarcomas and constitutes the
mainstay in imaging evaluation of soft tissue sarcomas.20

Regarding lesion morphology, the main factors for staging
are size and local extension,21 which are best assessed by
gadolinium-enhanced MRI using advanced perfusion and
diffusion techniques19 to determine lesion configuration,
location, depth, size and local extension, as well as its
relationship with adjacent muscles, muscle compartments,
fascial planes, neurovascular structures, joints and organs
(►Figures 2 and 3).15,18 It is mandatory to image the entire
affected anatomical segment (whole bone) to define intra-
medullary involvement extension and identify eventual
discontinuous bone tumors (skip metastasis), which pres-
ence has important prognostic implications.6,11,14,15,20
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The choice forMRI orCT inbone sarcomaevaluationmaybe
based on radiographic findings. In cases with cortical destruc-
tion and extracompartmental tumor, MRI is the preferred
modality because it provides excellent soft tissue enhance-
ment and it is better in determining extraosseous tumoral
extension compared with CT.19 Magnetic resonance imaging
allows more accurate staging due to its multiplanar (sagittal,
coronal, axial and oblique) imaging ability and the lack of CT-
associated beam hardening artifacts from cortical bone.19

Although rarely useful in specific diagnoses, CT is indicated
when there is no radiographic evidence of tumor extension to
soft tissues, as it improves calcification visualization, perios-
teal reaction detection, cortical subtle invasion or destruction
and intraosseous extension determination.3,19 Computed to-
mography is also useful to delineate tumors in complex
anatomical structures such as the axial skeleton and the pelvic
and scapular girdles, in addition to allow a better and more
understandable demonstrationof surfacebonesarcomas, such

as parosteal osteosarcoma or juxtacortical chondrosarcoma,
through three-dimensional reconstruction.19

Systemic Staging
Distant spread is the main prognostic factor for bone and soft
tissue sarcomas. Sarcomas have preferential hematogenous
diffusion pathways, and the lungs and the skeleton are the
most frequent sites for metastatic development. Although less
frequent, lymphatic involvement has prognostic importance,
and somehistological subtypesof soft tissuesarcomas (suchas
synovial sarcoma, epithelioid sarcoma, clear cell sarcoma and
angiosarcoma) usually affect locoregional lymph nodes.14,22

Lung evaluation uses chest X-rays in two views, and/or,
preferably,8 high-resolution chest CT, which is more sensi-
tive for lesion detection.2,11,14

The National Comprehensive Cancer Network (NCCN)
recommends abdominal and pelvic CT for staging some
soft tissue sarcomas which tend to metastasize to those

Fig. 2 Conventional calcaneal osteosarcoma. (A) Lateral radiography showing calcaneal lytic and sclerotic areas. (B) Sagittal magnetic
resonance imaging in T1-weighted sequence showing diffuse hyposignal in the calcaneus with no extracompartmental tumor. (C) Surgical
approach for calcaneus resection. Musculoskeletal Tumor Society (MSTS) staging, IA; American Joint Committee on Cancer (AJCC) staging, IIA.

Fig. 1 Algorithm for initial evaluation and imaging staging of suspected bone and soft tissue sarcomas.
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sites, including myxoid liposarcoma, epithelioid sarcoma,
leiomyosarcoma and angiosarcoma.14,23,24

Bone scintigraphy must be included in bone sarcoma
staging to scan the skeleton for similar lesions or metastatic
bone disease.2,8 Bone scanning is not routinely indicated in
the initial staging of soft tissue sarcomas.14

The routine indication of full body MR,2 PET-CT2,8 or
PET-MR2 it is still under scrutiny for bone and soft tissue
sarcomas staging. However, when necessary, additional
imaging modalities can be used to assess suspicious sites
since the exact staging of the disease impacts the treatment
and clinical outcome.2

Histological Diagnosis

Biopsy completes the clinical staging process,8 confirming
the diagnosis and determining the histological grade of the
sarcoma through anatomopathological examination, com-
plemented by immunohistochemistry and molecular biolo-
gy when required.

In patients with suspected sarcoma, biopsy must be
performed preferably at a referral center with expertise in
treating this tumor.8 Imaging evaluation must precede the
biopsy.8,20

A tumor sample must be obtained through percutaneous
biopsy with a core needle guided by the appropriate imaging
method (ultrasound, CT, fluoroscopy, etc.), or incisional
biopsy. Biopsy location must be carefully planned to allow
resection of the entire path along with the surgical specimen
at the time of definitive tumor resection.8

Subtype and histological grade may predict the tumor
biological behavior, a variable with greatest impact on the
risk for metastatic dissemination and overall survival.11 The
histological grade correlates with tumor cell proliferation
pattern, mitotic activity and metastatic potential.

Histologically, sarcomas are classified as high or lowgrade
according to cell atypia, number of mitosis figures,
necrosis degree and vascularization.22 Low-grade lesions
often present lower biological activity, minimal metastatic
potential, require less radical surgical treatment, and are not
indicated for adjuvant chemotherapy and/or radiotherapy,
since these treatments are usually ineffective due to reduced
cell proliferation. On the other hand, high-grade lesions often
require more radical local and systemic treatment due to
their aggressive biological behavior.22

Musculoskeletal Tumor Society (MSTS)
Staging System

In 1980, the MSTS adopted the surgical staging system for
musculoskeletal system sarcomas created in Gainesville,
1977, by the University of Florida group led by Dr. William
F. Enneking, from data collected between 1968 and 1976.5,6

This system is based on the definition of tumor extension in
relation to anatomical limits and histological grading, bring-
ing together the most important prognostic factors in a
concise classification to estimate survival, guide surgical
treatment and indicate potential adjuvant therapies.5,6 Since
it is based on surgical observations, MSTS parameters are
intuitive, facilitating operative planning. The MSTS staging

Fig. 3 High-grade pleomorphic sarcoma at the right knee. Proton density sequences with fat suppression in the sagittal plane before treatment
(A) showing a heterogeneous lesion in the posterior compartment. Axial dynamic study (B) and color map (C) showing early enhancement in the
posterior and superficial portion of the lesion (red line in D). Five months after treatment, a conventional magnetic resonance imaging does not
show a significant change in lesion signal intensity (E). However, the dynamic axial study (F) and color map (G) show a change in the pattern of
lesion enhancement (red line in H), indicating good therapeutic response. Histological analysis showed more than 90% of tumor necrosis.
American Joint Committee on Cancer (AJCC) staging, IIIA.
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system is the most used system by orthopedic oncologists,
but it is less employed in soft tissue sarcomas staging,
especially by clinical oncologists, oncologic surgeons and
other specialists.11

This system combines three variables: histopathological
grade (I¼ low grade, II¼ high grade), local extension be-
yond the original compartment (A¼ intracompartmental,
B¼ extracompartmental) and the presence of distant me-
tastases (III) (►Table 1).5,6 Low-grade (I) lesions correspond
to Broder class 1 or 2 (low mitotic rate, low nucleus/
cytoplasm ratio, limited pleomorphism, low risk [<25%]
for metastases). High-grade lesions (II) correspond to
Broder class 3 and 4 (mitotic figures, prominent nuclei,
pleomorphism, higher incidence of metastases). Subcate-
gories A (intracompartmental) and B (extracompartmental)
are defined by imaging of the affected segment. Stage III
represents any tumor with distant metastasis at imaging
modalities.5,6

Staging determines surgical resection extension, consid-
ering the feasibility of obtaining adequate oncological mar-
gins. A high-grade lesion usually is more biologically
aggressive and, therefore, it is more likely to invade sur-
rounding tissues, increasing the risk for local recurrence and
metastasis; in such cases, adjuvant therapies are recom-
mended to eradicate tumor cells that would remain after
surgical resection.6

The main disadvantages of the MSTS system are: 1. it
does not include tumor size, implicated as an important
prognostic factor for several subtypes of soft tissue sarco-
mas (larger lesions tend to have greater metastatic potential
and may benefit from neoadjuvant chemotherapy)5; 2. it
has limited discriminatory prognostic power for the inter-
mediate strata due to its simplified variable dichotomiza-
tion (histological degree, local and distant extension),
tending to group most osteosarcomas and Ewing sarcomas
at the same stage; osteosarcomas are usually classified as
stage IIB; for Ewing sarcomas, the limitation is more evident
because this is a high-grade malignancy and the histological
grade is not a variable, preventing their classification as
IA10; 3. skull-originated lesions have different clinical be-
havior and cannot be classified using this system5; 4. it does
not consider the presence of a continuous epidural com-
partment in spinal tumors, a variable with neurological
implications (possible spinal cord and spinal roots sacrifice
and need for stabilization).5

American Joint Committee (AJCC) on Cancer
Staging System

The staging systemproposed by the AJCC formusculoskeletal
sarcomas, since its original description as the Manual for
Staging of Cancer (MSC) in 1977,25 was updated and refined
based on the evolution of scientific evidence on the progno-
sis and survival associated with such tumors.

Primary Malignant Bone Tumors Staging (AJCC)
TheMSC, on its 1st edition (1977),25 recommended a protocol
for primary malignant bone tumors developed by the Task
Force On Primary Malignant Bone Tumor to record patient
identification, history, clinical data, imaging (radiographs),
pathological reports, histological (World Health Organiza-
tion [WHO] classification of primary bone tumors and pseu-
dotumor lesions) and recurrences or metastases during
follow-up. It did not indicate a specific system for sarcoma
staging, but it suggested that prospective clinical studies,
with a greater number of cases, would allow the creation of a
satisfactory clinical classification for staging and outcomes
recording in the future.

Starting at its 2nd edition26 (1983), the MSC included a
system for staging such tumors based on the TGNMmethod:
tumor size (T), histological grade (G), presence or not of
regional lymph node metastasis (N) and presence or not of
distant metastasis (M). At this point, stages were already
defined (IA, IB, IIA, IIB, III, IVA, IVB), and a prognostic grading
was attributed based on the combined evaluation of these
variables.

Up to its 6th edition (2002),21 the MSC defined tumor
extension as contained or not in the host bone, like the
Enneking/MSTS system. The size of eight centimeters be-
came the cutoff point between the T1 and T2 designations,
replacing tumor extension classification as intra- or extra-
compartmental. The choice was controversial27 because it
was based on the literature regarding Ewing sarcoma, limited
to osteosarcoma. Later studies confirmed its value in Ewing
sarcoma staging28 and, to date, the MSC recommends that
the size of nine centimeters is the best prognostic indicator
for osteosarcoma. The addition of the T3 designation for skip
metastasis9,16 was another modification – Wuisman et al.29

compared 224 patients without skip metastasis at diagnosis
with 23 patients who presented such lesions. Twenty two of
these 23 individuals had local recurrence or distant

Table 1 Staging system adopted by the Musculoskeletal Tumor Society for malignant musculoskeletal tumors based on the
surgical degree, local extension and the presence or not of metastases

Stage Grade Site Metastasis

IA Low (G1) Intracompartmental (T1) M0

IB Low (G1) Extracompartimental (T2) M0

IIA High (G2) Intracompartimental (T1) M0

IIB High (G2) Extracompartmental (T2) M0

III Any G Any T Regional or distant metastasis

Source: Enneking et al.6
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metastasis and died; adjuvant chemotherapy did not
improve their prognosis. The 3rd update consisted of differ-
entiating metastases according to location, distinguishing
between pulmonary (IVA) and extrapulmonary (IVB) lesions
based on evidence that bone sarcomas with pulmonary
metastases had better prognostic compared to those with
metastases at other sites30,31–multiple lungmetastaseswere
associated with a worse prognosis, although this variable
was not included in any staging system.11,30

In its 7th edition (2010), the MSC32 restricted the defini-
tion of stage III only to grade 3 (poorly differentiated) and
grade 4 (undifferentiated) tumors. The same staging was
employed, regardless of the primary site, for bone and soft
tissue sarcomas.

The 8th (current) MSC edition,9 published in 2017, brought
new changes. The main onewas the inclusion of defined axial
skeleton segments as part of the (T) classification, with three
sites for bone sarcomas: (i) appendicular skeleton, trunk, skull
and facial bones; (ii) spine and (iii) pelvis. Although it does not
affect tumor staging, this inclusion allowed the determination
of a structure for future research to improve the system –

studies have shown evidence that bone sarcomas with axial
location have markedly worse prognosis.33

Bone and soft tissue sarcomas have been described sepa-
rately, according to primary sites, mainly due to differences
in prognosis and treatment strategy (►Table 2). The histo-
pathological grade (G) was also changed, from four to three
levels, with stage III reserved for G2-G3 (high grade tumors)
and eliminating the G4 designation, as recommended by the
American College of Pathologists, which uses the system
from the Fédération Nationale des Centers de Lutte Contre le
Cancer (FNCLCC) to classify soft tissue sarcomas.9 This
change provided uniformity to bone and soft tissue sarcomas
classification.11

Soft Tissue Sarcoma Staging (AJCC)
The AJCC staging system for soft tissue sarcomas is the most
used to stratify prognoses and define the approach to these

tumors. It considers additional factors to estimate prognosis
and enables better interdisciplinary communication. In con-
trast to bone sarcomas, which have few histological sub-
types, the numerous subtypes of soft tissue sarcomas require
a more complex staging.11

Since its 1st edition (1977),25 the MSC included the TGNM
system for staging these tumors; based on the combined
assessment of these variables, stages IA, IB, IIA, IIB, IIIA, IIIB,
IIIC, IVA and IVB were defined, each with an assigned
prognostic score. This classification remained in its 2nd

edition (1983)26 and presents gradual changes since the
3rd edition (1988)34 to reflect new clinical evidence.

The AJCC manual, in its 6th edition,21 considered angiosar-
coma and malignant mesenchymoma as exceptions and re-
moved them, while gastrointestinal stromal tumor (GIST) and
Ewing soft tissue sarcoma were added. Moreover, G1-2, T2b,
N0M0 tumors were reclassified as stage I instead of stage II.

In its 7th edition, the AJCC manual32 removed fibroma-
tosis, Kaposi sarcoma, infantile fibrosarcoma and GIST from
the system. N1 diseasewas reclassified as stage IIIB instead of
stage IV based on level IVevidence – the classic study by Fong
et al.35 demonstrated that patients with soft tissue sarcomas
and positive lymph nodes have a survival rate similar to
those with locally advanced disease, but better than those
with distant metastases.35–37 The histological grading sys-
temwas also changed to three levels, as recommended by the
College of American Pathologists, based on level II evidence
that the FNCLCC system predicts survival with significant
accuracy.38 The tumor depth variablewas also removed from
the classification for staging and prognosis determination11;
the recommendations for describing tumors as superficial or
deep to the fasciaweremaintained, but considered irrelevant
in staging. Rydholm et al.39 showed that depth was a
prognostic factor when analyzed regardless of tumor size.
Since other studies suggested worse survival with deeper
tumors, it remained part of the staging process for soft tissue
sarcoma for decades; however, whenmore detailed analyzes
were performed, depth proved to be a variable of confusion,

Table 2 American Joint Committee on Cancer (AJCC) classification for bone sarcomas. Prognostic stage groups for bone sarcomas
in the appendicular skeleton, trunk, skull and facial bones (there are no AJCC prognostic stage groups for spinal and pelvic tumors)

Stage Primary tumor (T) Regional lymph node (N) Distant metastasis (M) Histological grade (G)

IA T1 N0 M0 G1 or GX

IB T2 or T3 N0 M0 G1 or GX

IIA T1 N0 M0 G2 or G3

IIB T2 N0 M0 G2 or G3

III T3 N0 M0 G2 or G3

IVA Any T N0 M1a Any G

IVB Any T N1 Any M Any G

Any T Any N M1b Any G

Abbreviations: G1, Well-differentiated, low-grade tumor; G2, moderately differentiated, high-grade tumor; G3, poorly differentiated, high-grade
tumor; GX, the grade cannot be determined; M0, without distant metastases; M1a, distant metastases (lung); M1b, distant metastases (bones or
other distant sites); N0, without regional lymph node metastases; N1, regional lymph node metastases; T0, there is no evidence of a primary tumor;
T1, tumor� 8cm; T2, tumor> 8 cm; T3, discontinuous tumors at the primary bone site; TX, the primary tumor cannot be accessed.
Source: Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK, et al., eds. AJCC Cancer Staging Manual. 8th ed. Switzerland: Springer;
2017.8
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because size is the true independent factor associated with
worst prognosis.33

The 8th MSC edition (2017)9 describes four tumor sites for
soft tissue sarcomas: (i) extremities and trunk; (ii) retro-
peritoneum; (iii) head and neck and (iv) visceral sites. All
references to lesion depth were removed6 due to level II
evidence published by Maki et al23 confirming that this
variable was not an independent risk factor after multivariate
analysis. Another modification was to increase the number of
tumor size categories from two (�5 cm or >5 cm) to four
(�5 cm, >5/� 10 cm, >10/� 15 cm, >15 cm). The decision to
group T3 and T4 (>10/� 15 cm and >15 cm) in stage IIIB was
corroborated by level II evidence from a study involving 1,091
patients that showed that tumors sized �5 cm,> 5/� 10 cm
and >15 cm have markedly different mortality rates; this
study showed no significant difference in survival between
categories >5/� 10 cm and >10/� 1540,41; nevertheless, a
size categorization in four levels was included according
to data published by Maki et al,23 who demonstrated signifi-
cant differences in local recurrence free global survival
between the four groups and a survival plateau in 10 cm
tumors. This finding was supported by a recent study, in
which nomograms were used to predict overall survival; for
any unit change in tumor size >10 cm, there was a markedly
lesser effect on survival when compared with the effect on
tumor survival <10 cm.24 In this same edition, N1 disease
associatedwith trunk and extremities tumorswas reclassified
as stage IV, probably because their prognosis is closer to any
TN0M1 metastatic disease than any TN0M0; these cases,
however, remain as IIIB for tumors located at other sites41

(►Table 3).

Final Considerations

The domain of knowledge about the staging systems for bone
and soft tissue sarcomas, as well as imaging, diagnostic
methods and histological grading for classifying such tumors,
is critical not only for specialists directly involved in the

treatment of affected patients, but also for orthopedic sur-
geons who are often responsible for their first care, which
quality has thepotential to interferewith the clinical outcome.
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