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Editor's Note

Dear Reader,

During the Syrian Civil War,
many people sought refuge in
Europe, especially in Germany.
Like some other countries,
Germany accepted the refu-
gees, provided extraordinary
humanitarian aid and assumed
a great responsibility.

The terrible war in Syria now
seems to have finally come
to an end. Large parts of the
country are pacified and the
post-war reconstruction is
already being planned.

One of the top priorities during
reconstruction is to restore the
country’s medical infrastruc-
ture so that people can get
the medical care they urgently
need and refugees can return
home.

The history of our own country
has taught us how important
confidence and support are for

the reconstruction of a country.

Reconstruction, safety and
confidence in the country are
also crucial factors to achieve
lasting peace.

There will be a lot to do. This
requires help from Europe,
especially from Germany, a
country which is highly trusted
in the Middle East. Beyond
financial support, it is essential
to have both the medical ex-
pertise resident predominantly
at German university hospitals
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and experienced enterprises
capable of erecting hospitals
and building up the necessary
infrastructure within a short
period of time.

A key aspect is to ensure the
safety of hospitals and medical
centres, in addition to equal
treatment of all people in need
of medical care. This can be a
first step towards reconcilia-
tion.

Enjoy your
German Medical Journal.

Nadine Baume
Managing Director

Visit the new German
Medical Journal website!
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base of skull, and prostate can-
cer. Furthermore, to date PT is
implemented as the preferred
radiation modality in pediatric
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al radiotherapy with photons,
irradiation with protons is
identified to offer considerable
advantages for treating tumors
whenever high-precision and
sparing irradiation is required.
Protons have been already
used in clinical settings since
the 1950ies. Due to their par-
ticular physical characteristics,
the dose to healthy tissues and
as a result the risk for treat-
ment sequelae and induction
of secondary malignancies can
potentially be reduced. Special
clinical and physical treatment
planning expertise as well as
complex equipment support
makes treatment extremely
elaborate and complex. Previ-
ous investigations have gener-
ated evidence for the benefit
of protons in cancer treatment.
So far, the greatest experienc-
es in proton beam therapy (PT)
were gained in treating ocular
tumors, malignancies at the

tumors in adults. However,
availability of PT is still limited
to date, but the number of
facilities in clinical operation is
continuously increasing. Up to
now, protons were safely ap-
plied with encouraging results.
Further evaluation of clinical
data is ongoing. In future, mod-
ern delivery techniques will be
increasingly established to fur-
ther improve treatment options
and extend clinical indications.

Background and Features

Proton beam therapy (PT) is a
particular method in radiothera-
py to treat tumors with high-
energy, charged hydrogen ions.
Conventional photon-based
radiotherapy applies electro-
magnetic irradiation achieving
the highest dose at the begin-
ning of the application, i.e. just
beneath the surface of the

body, followed by a continu-
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Fig. 1: lllustration of depth dose curves of protons and
photons (reference: WPE)

ous, slow decrease (Fig. 1). In
contrast, protons show very
different physical characteris-
tics. The maximal energy of a
proton is precisely deposited in
the depth of the body, closely
followed by an abrupt, steep
decline. The maximum dose
peak is called bragg peak.

The distance and depth of the
proton beam inside the body
can be precisely determined

(< 1 mm) by choosing various
energy levels. Multiple bragg
peaks applied with various
energies are added up to a uni-
form plateau (spread-out bragg
peaks) to irradiate the whole
tumor. Because of the abrupt
beam-stop, healthy tissue di-
rectly behind the target volume
(tumor) does not receive any
radiation dose. This typical
behavior of the proton beam
may either allow feasibility to

increase the dose to the tumor
(dose escalation) while bet-

ter sparing adjacent, healthy,
sensitive tissues or may better
allow prevention of unaccep-
table radiation-induced impair-
ments while maintaining typical
dose levels. Furthermore, the
risk of induction of secondary
malignancies can be reduced.
Overall, the characteristics of
PT almost represent the ideal
of applying sufficient dose only
to the target volume while
sparing not affected sections
of the body.

In principle, all modern devel-
opments in radiation therapy
have this aim in common, to
improve the ratio between
dose to the tumor and unavoid-
able dose to non-target tissue.
Tolerance dose of healthy,
radiation-sensible tissues locat-
ed close to the radiation field
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(organs at risk) can impede

application of adequate doses
needed to achieve tumor con-
trol. Planning studies compar-
ing dose distribution of photon
versus proton treatment plans

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Originally, in physics laborato-
ries sophisticated technical de-
velopment was promoted. First
clinical experience with protons
was gathered in the 1950ies
[4], but was not the primary fo-
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to treat deep seated tumors,
adjacent to sensitive structures
or if high radiation doses are
required, particularly when
complete resection is not feasi-
ble (Fig. 2).

Previous experiences in PT
have demonstrated promising
results. However, clinical evi-
dence is rated to be still limited
due to only few prospective
data on tolerance and tumor
outcome and only relatively
small cohorts so far. Prospec-
tive clinical trials and inter-
national, large registries will
further investigate long-term
tumor outcome and reduction
of side effects when compared
to conventional photon-based
radiotherapy.

History and Availability

The potential of protons in can-
cer treatment is known for over
70 years. In 1946, the physicist
Robert Wilson of the Harvard
University, Boston was the first
to suggest the use of protons
in clinical settings due to their
unique physical properties [3].

overcome only slowly and im-
plementation in hospital-based
environment was considered
to be difficult. Decades passed
until in 1991, the first purely
medical, hospital-based proton
facility emerged in Loma
Linda, CA, USA [5]. Devices of
modern precision therapy, like
imaging-guided radiotherapy,
and software systems to plan
treatments and calculate dose
distributions were successfully
established. The field of PT
could expand significantly. To-
day, more than 60 proton facili-
ties are in operation worldwide
to treat cancer patients, pre-
dominantly in North-America,
Asia and Europe. Additionally,
40 facilities are under construc-
tion and 21 in planning phase
[6, 7]. In Europe, 17 proton
facilities are operational today
(Fig. 3). In Germany, the West
German Proton Therapy Center
Essen (WPE) is one out of six
different facilities.

Delivery and Potentials

Recent progress of proton
technologies explores new
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technical features. By now,
various delivery modes (scat-
tering and scanning tech-
niques) were established. Pen-
cil beam scanning modalities
were widely introduced and
enabled delivery of intensity-
modulated proton therapy
(IMPT), the most precise kind
of PT currently known [8]. Fur-
thermore, efforts were made
to optimize beam control, to
rise of capacity, and to extend
treatable indications. However,
still today, almost each current
proton facility is a prototype
and not all proton centers
provide all available modalities.
In addition, not many facilities
are able to offer PT for a high
number of patients for all indi-
cations. Moving targets, e.g.
lung or gastrointestinal tumors,
interfere with the scanning
technology and require com-
pensation techniques, like
respiratory-guided techniques
and others. Therefore, only few
centers can offer modern scan-
ning PT for moving tumors.
Even techniques requiring
large or multiple fields, e.qg.
irradiation of the craniospinal
axis, are complex and are not
offered everywhere. Therefore,
craniospinal irradiation remains
a technical and logistical chal-
lenge for many centers treating
tumors of the central nervous
system (CNS).

Modern proton facilities, such
as WPE in Germany, use differ-

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

ent proton delivery modes. In-
tensity modulation resulting in
improved protection of normal
tissue and achieving individual
dose gradients in the target
area (simultaneous-integrated
boost) as well as radiotherapy
of the entire neuro-axis in

CNS tumors are routinely ap-
plied. WPE is an example of a
modern hospital-based facil-
ity, providing interdisciplinary
state-of-the-art care besides a
wide range of technical PT fea-
tures enabling to treat a broad
spectrum of clinical indications
(Fig. 4).

Technique and Equipment

Technical equipment in PT is
very complex requiring a team
of highly qualified physicists,
engineers, and software
specialists behind the clinical
scene. The protons need to be
accelerated in cyclotrons. Ac-
celerators used in PT typically
generate maximum energy
levels between 230 and 250
megaelectron volts (MeV) [9].
Thereby, for example protons
reach speeds up to 180.000
kilometer per second, which

is equivalent to approximately
60% of the speed of light. Until
reaching the patient, the beam
is guided in complex trans-
portation systems and huge
constructions, consisting of a
vacuum tube accompanied by
massive magnets, compound
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Fig. 2: Dose plan for proton treat-
ment of an astrocytoma grade |lI

of a 1,5-year old girl. Images from
planning system RayStation® Version
4.7.2, RaySearch, Sweden (refer-
ence: WPE)

control systems, range shifters,
other modulators, and scatter-
ers (Fig. 5). The thin beam can
be delivered by passive scatter-
ing or active scanning tech-
niques needing different hard-
and software. In the treatment
room, fixed or rotatable nozzle
constructions are installed (Fig.
6). Additional patient-custom-
ized hardware devices may be
used to customize the beam to
the individual tumor geometry.
To ensure exact positioning
during treatment devices like
(head-)masks and vacuum bags
help to immobilize the patient
guided by imaging devices and
laser systems (Fig. 7).

Clinical Experiences

At the end of 2015 more than
130,000 patients in total were
treated with protons worldwide
[10]. Rationale and previous
results of PT treating the
standard and most common
diagnoses as well as promis-
ing indications are presented
below.

Proton Beam Therapy in
Ocular Tumors

Historically, treatment of ocular
tumors by radical surgery with
usually enucleation resulted in
loss of eye and vision. For ocu-
lar melanoma the successful
treatment with protons beams
was established decades ago.
Using PT, promising results

were achieved depending on
tumor sizes while preserv-

ing the eyes and the vision in
the majority of patients. Local
tumor control rates of 95%
were reported [11]. It has been
demonstrated that especially

in large and posteriorly situated
tumors PT is favorable, in par-
ticular when tumor location is
not reachable by brachytherapy
[12].
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Proton Beam Therapy in
Tumors of the Base of Skull
PT serves as the standard
radiation procedure in the treat-
ment of skull-base chordoma
and chondrosarcoma. These tu-
mors are highly locally aggres-
sive. Total resections are rarely
achievable without risking
major impairments. Therefore,
additional or definite radio-
therapy is indicated to achieve
better local control rates and

to improve functional outcome
after cure. Unfortunately,
chordoma and chondrosarcoma
are highly radio-resistant and
therefore require very high
doses. Vulnerable structures in
close proximity, e.g. brainstem,
optic nerve, and temporal lobe
limit the delivery of sufficient
dose with conventional tech-
nigues. Chordoma and chon-
drosarcoma were historically
one of the first tumor types
being successfully treated with
high-precision PT [13]. By using
protons, higher doses could be
safely applied while improving
outcome. Local tumor control
rates were over 95% and 70%
for chondrosarcoma and chor-
doma, respectively [14].

Even other malignancies locat-
ed at or with infiltration of the
skull-base, i.e. brain tumors,
head and neck cancers, and
other sinonasal malignancies
were successfully treated with
protons. Prior plan comparisons

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

to photon-based radiotherapy
demonstrate better dose
distribution, target coverage,
and sparing of organs at risk.
However, more clinical data are
required to fully establish PT on
a broader basis [12].

Proton Beam Therapy in
Childhood Cancer

In order to reduce the risk of
radiation sequelae, PT was
introduced to the multidisci-
plinary treatment concepts

of solid tumors in childhood
already some time ago. In
general, overall survival rates in
childhood cancer are excellent
(approximately 80%). However,
survivors of childhood can-

cer diagnosis are particularly
susceptible for radiation injury
and secondary malignancies
significantly affecting normal
life or impairing quality of life.
Children are very vulnerable to
radiation-induced late toxicities
due to their immature tissue.
Furthermore, childhood cancer
patients often experience a
multimodality treatment bur-
den due to surgery, and multi-
drug chemotherapy besides
irradiation. Therefore, advan-
tages of PT are increasingly
utilized to safely and effectively
treat pediatric cancers and to
reduce the stress of treatment.
Published data on clinical out-
comes in children are encour-
aging [15, 16]. Acute and late
sequelae were acceptable and
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tumor control rates compara-
ble to photon-treated cohorts.
Recently, data on endocrine
function and quality of life in
brain tumor patients suggest
advantages when applying PT
[17]. In future, more data on
post-therapeutic quality of life
and neurocognitive function
will emerge.

In Germany, PT is widely im-
plemented into the interdisci-
plinary concepts of the Soci-
ety of Pediatric Oncology and
Haematology (GPOH) and the
European Society of Pediatric
Oncology (SIOPE). In localized
brain and sarcomatous tumors,
treatment with protons was
successfully established, espe-
cially with regard to very young
ages. However, any radiation
therapy in young children re-
quires particular expertise and
logistics. For infants and very
young children, sedation may
be required to guarantee exact
position in daily treatment. A
multidisciplinary team has to
ensure the well-being of the
children to administer concomi-
tant chemotherapy and to man-
age emergencies. Despite all
efforts, many centers are ready
to take on childhood cancer
patients due to the expecting
benefit. In Europe, the num-
ber of children treated with
protons has doubled in the

last two years, to up to now
over 400 children per year. It is

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

estimated that two out of three
are treated in Germany. The
WPE in Germany is specialized
in treating children and offers
the most significant pediatric
program in Europe. A team
consisting of pediatricians,
experienced radiotherapists,
anesthetists and nurses, which
are specialized in infant care,

is well established and has
gained an enormous experi-
ence. Additionally, at WPE a
child life specialist provides
age-appropriate preparation for
medical procedures and sup-
ports the whole family.

Proton Beam Therapy in
Prostate Carcinoma
Radiotherapy is one standard
treatment option for prostate
carcinoma. It is well under-
stood, that relatively high
radiation doses (over 70 Gy)
are necessary to successfully
treat localized prostate carci-
noma. Due to its particularly
physical characteristic, PT is
an appropriate tool to escalate
radiation doses while reducing
radiation-induced gastrointes-
tinal and urogenital sequelae.
A very early randomized study
investigated the feasibility of
PT applying a dose escalation
and demonstrated the success-
ful use of protons by irradiating
prostate cancer [18]. However,
superiority of PT when com-
pared to other modern high-
precision radiotherapy tech-
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Fig. b: View on beamline and cyclotron (reference: iba)

nigues being available today
was not demonstrated yet, and
is still controversially discussed
[12]. There is no doubt that
dose load to rectal wall volume
can be reduced with protons.
Application of protons might be
particularly beneficial if extend-
ed radiation volume is required
for higher stage prostate
cancer patients. For example, if
radiation of seminal vesicle or
lymph nodes has to be cov-
ered by radiation, PT may have
significant advantages over
conventional techniques to
spare normal tissue.

Proton Beam Therapy in
Brain Tumors, Sarcomas, and
Head and Neck Cancers

Brain tumors (e.g. glioma,
meningeoma), head and neck
cancers (e.g. nasopharyngeal
carcinoma), and sarcomas in
adults are already routinely
treated with protons in facilities
to date.

PT is particularly advantageous
for tumors of the CNS due to
their precise, local high-inten-
sity without spreading widely
low and medium doses result-
ing in sparing critical structures
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Fig. 6: Treatment room with rotatable gantry (reference: WPE)

and reducing overall brain dose
[19]. At WPE, most treated
diagnoses in adult patients
were CNS malignancies (36%),
followed by sarcomatous tu-
mors (29%) and head and neck
cancers (19%).

Previous analyses of the in-
house, prospective register
showed promising results sup-
porting safety, good tolerance,
and excellent feasibility of PT.

Proton Beam Therapy in
Gastrointestinal Tumors
Moreover, patients with

other malignancies could
benefit from advantages of

PT. In several gastrointestinal
tumors (e.qg. liver, esophageal,
and pancreatic cancer) PT is
promising due to possibility of
safe dose escalation for achiev-
ing sufficient curative radiation
doses and of avoiding radiation-
induced toxicity to sensitive
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tissues of the gastrointestinal
and genitourinary system. Until
now, the number of patients
with gastrointestinal malignan-
cies treated with protons is
already small. However, the
majority of ongoing clinical
trials focus on gastrointestinal
tract tumors [20]. Most previ-
ous experiences using protons
are made in treating hepatocel-
lular carcinoma resulting in high
local tumor control rates of
80-95% with low hepatotoxic-
ity [21].

Conclusion and Outlook

Physical advantage of PT
enables exactly tailored ir-
radiation while reducing risk for
radiation-induced toxicities and
secondary malignancies. Since
decades, proton beams are
successfully applied to treat
tumors at difficult sites nearby
sensitive normal structures. In
particular, ocular malignancies,
base of skull tumors, and pedi-
atric cancers are already widely
accepted as standard indica-
tions for PT. Moreover, protons
are applied in radiotherapy of
prostate carcinoma since dec-
ades. Additionally, adult CNS
tumors, sarcomas, and head
and neck are routinely treated
by now. Even further diagno-
ses, e.g. gastrointestinal tu-
mors are increasingly referred
to PT. However, in Europe only
a few facilities are equipped to

offer PT for a wide spectrum
of indications, depending on
technical equipment and clini-
cal focus. Therefore, in future,
an increasing use of protons
have to be expected in new
indications also covering mov-
ing targets like breast cancer
or lung. Intensity modulation
and complex treatments are
available nowadays in several
modern centers, like the WPE
in Germany. Gantry design,
treatment delivery, clinical im-
aging, and treatment planning
systems of proton facilities are
continuously optimized and will
expand clinical portfolio of PT.
Clinical research is ongoing.
International trials and regis-
tries collect prospective data,
analyze feasibility and clinical
long-term effectiveness as well
as reveal most suitable patient
groups for PT.
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Gynecology

The knowledge of genetic and
non-genetic risk factors among
women with a family history

of breast cancer and other gy-
naecological tumour diseases
is constantly increasing. DNA
tests can be offered more cost-
effectively, and can always be
implemented more quickly. The
following article presents the
level of knowledge at the mo-
ment and provides an insight
into future developments.

Multiple molecular events of a
genetic and epigenetic nature
are held responsible for the
pathogenesis of breast cancer
and ovarian cancer.

Familial clustering, described
for the first time in 1866 by
Paul Broca, is regarded as one
of the most important risk
factors. Based on mutations in
the genes BRCA1 and BRCA2
(1, 2) discovered in the mid-90s
and clearly associated with
the pathogenesis of breast
cancer and ovarian cancer,

the technical progress in the
field of genetic analysis due to
“next-generation sequencing”
(NGS) in recent times enables
an increasingly faster identifica-
tion of other high-risk genes
and risk genes in translational
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State-of-the-Art:
Diagnostics and
Therapy with Here-
ditary Breast Cancer
and Gynaecological
Tumour Diseases

research projects. Mutations in
BRCA1/2 are found in approxi-
mately 20-25% of examined
high-risk families, and approxi-
mately 9% of mutations are
additionally found in nine other
“core” genes. Eleven so-called
“core” genes as well as anoth-
er 84 genes (e.g. the high-risk
genes BRCA1, BRCA2, PALB2,
CDH1 and TP53, as well as the
risk genes CHEK2, ATM and
FANCM for breast cancer and
RAD51C/D and BRIP1 for ova-
rian cancer) are currently being
examined on a routine basis
within the scope of multigene
analyses (3,4).

The so-called "“hereditary colo-
rectal cancer genes” MLHT1,
MSH2, MSH6 and PMS2 are
also currently in the validation
phase for breast cancer and
ovarian cancer. For patients
with mutations in these genes,
the “Lynch syndrome”, also
known as hereditary non-
polyposis colorectal cancer
(HNPCC), which is primarily
associated with a significant
increase of risk for colorectal
cancer, but is also significantly
associated with other cancers
(especially endometrial cancer),
was involved in the past.
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Table 1: Risk groups of the German
Consortium for Hereditary Breast
and Ovarian Cancer

During initial diagnosis, ~25%
of primary endometrial cancers
are characterised as so-called
“microsatellite instability”
(MSI) due to mutations in the
genes MLH1, MSH2, MSH6
und PMS2. In light of new
clinical trial data, this charac-
terisation will increasingly have
a therapeutic consequence in
the future.

Consequently, microsatellite
instability is meanwhile being
routinely examined during
initial diagnosis of endometrial
cancer within the scope of
general pathological diagnos-
tics at the Ludwig-Maximilians
University of Munich (LMU)
Department of Gynaecology
and Breast Center. In addition
to possible additional therapeu-
tic options, supplementary ge-
netic counselling and possibly
further diagnostics will also be
offered in the event of positive
findings.

The detection of a BRCA1
mutation in a family with
several diseases is associated
with a lifetime risk of up to
80% for breast cancer and a
lifetime risk of up to 55% for
ovarian cancer (5). The corre-
sponding likelihoods of disease
for BRCA2 are 60-70% and
somewhat lower (~20%). The
average age at onset among
patients with a BRCA1 muta-
tion, mid to end-forties, is a
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Risk Groups of the German Consortium for Hereditary
Breast and Ovarian Cancer

2 BC, 1 diagnosed < 51y

3 BC of close blood relatives

1BC and 10C of close blood relatives, diagnosed at any age

1BC diagnosed < 36y

1 BC of both breast sides and first diagnosis < 51y

1BC + 1 0C, both diagnosed in an individual person

1BC triple-negative, diagnosed < 49y

1 ovarian cancer (G3, serous) <79y

Healthy relatives with a heterozygote risk > 20 % of lifetime risk > 30 %

BC: breast cancer, OC: ovarian cancer

decade of life lower than with
an existing BRCA2 mutation.
An increased contralateral risk
of breast cancer is common
to both forms compared to
sporadic forms.

There are other highly pene-
trant genes for breast cancer,
but these are only very rarely
altered and usually become
manifest in connection with
specific syndromes.

For example, a mutation in the
TP53 gene can be exposed as
Li-Fraumeni syndrome (LFS),
which is associated with the
occurrence of breast cancer at
a particularly young age, and
with other malignant tumours
such as sarcomas, brain tu-
mours or leukaemias. Women
with a TP53 mutation have the
highest risk of breast cancer
with an up to 6-fold increased
risk compared to the general
population (6,7).
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Table 2: Short version of recom-
mendations for an intensified early
diagnostic program and preventive
methods in genetic high risk assess-
ment

The most frequently mutated
high-risk gene for heredi-
tary breast cancer after the
BRCA1/2 genes is the PALB2
gene (8,9). The risk of breast

cancer is more than 50% (OR4-

7).

The risk of developing breast
cancer (clustered by lobular
type) by age 50 in the event
of a CDH1 mutation (10) is
currently up to 10% and can
increase to a risk of up to 50%
up to age 80.

Interdisciplinary Consultation
with Risk Assessment and
Clinical Recommendations
Identification by the primary at-
tending physicians is an impor-
tant prerequisite and a crucial
first step in the optimal care of
families with an increased risk
of familial breast cancer and
ovarian cancer. This gener-

ally occurs through licensed
medical specialists providing
primary care or in the course of
treatment at specialised breast
cancer and gynaecological can-
cer centers. In accordance with
German guidelines, high-risk
patients and/or their relatives
should make an appointment
for consultation at specialised
centres (consortium centres
and cooperation partners of
specialised breast cancer and
gynaecological cancer centers).
In addition to the proven risk
groups (Table 1), an individual
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Short Version of Recommendations for an Intensified Early
Diagnostic Program and Preventive Methods in
Genetic High Risk Assessment

Intensified
Diagnostic
Program

BRCA1/BRCA2

CDH1

PALB2

RAD51C(FANCO
und RAD51D,
BRIP1

Prophylactic
Mastectomy

Individual cases”

Individual cases”

Prophylactic
Adnexectomy

+, at the age of
40 or 5y before
earliest case

+ (optional)

+, postmeno-
pausal or by
before earliest
case

(full version: http://www.konsortium-familiaerer-brustkrebs.de/

konsensusempfehlung)

Ain dependence of familiy tree and concurrent risks
*in dependence of genetic risk (in premenopausal cases)

- no recommendation
+ recommendation

case of ovarian cancer with
serous histology and poor de-
gree of differentiation (up to 79
years of age), or an individual
case of triple-negative breast
cancer up to age 50 can also
be tested since recently.

Early Detection and
Prophylaxis

For those seeking advice due
to a pathogenic mutation in
one of the genes ATM, CDH1
and PALB2, participation in

a screening programme in
Germany starts from age 30,
in the event of TP53 mutations
from age 20, or respectively 5
years before the earliest age at
onset of breast cancer within
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the family. It ends with 70
years of age and includes an-
nual ultrasonography and MRI
examinations (last dependent
of the densitiy classification

in mammography). Ultrasono-
graphy is recommended on a
semi-annual basis for TP53 and
PALB2 as well as for BRCA1
and BRCAZ2. Depending on
the mammary gland density, a
mammography at intervals of
1-2 years is additionally con-
ducted from 40 years of age.

For non-mutation carriers with
an increased genealogical risk,
the screening programme is
currently offered from age
30-50, and after that routine
mammography screening is
available.

The decision for prophylactic
operative measures means the
maximum possible reduction of
risk, even if complete certainty
also cannot be obtained as a
result of this. In this context,
most women also opt for a
simultaneous reconstruction of
the breast by means of silicone
implants or autologous tissue.

Prophylactic adnexectomy

is increasingly gaining im-
portance, since not only an
effective reduction of risk by
approx. 95 % (with respect to
the risk of ovarian cancer) can
be attained by this, but the risk
of breast cancer (particularly
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for BRCAZ2 carriers) can also
be very positively influenced.
An explicit age recommenda-
tion for the surgical procedure
cannot be derived yet from
the current data situation. In
consideration of the increas-
ing incidence of ovarian cancer
from age 40, the operation is
said to be sensible here, but
always taking into account
the individual situation of the
person concerned.

Table 2 shows current recom-
mendations of the German
Consortium for Hereditary
Breast and Ovarian Cancer for
early detection and prophylaxis.
In addition, these recommen-
dations are always updated and
available at http://www.konsor-
tium-familiaerer-brustkrebs.de/.
In the meantime, up to 40% of
high-risk patients throughout
Europe and internationally opt
for such a step in terms of a
bilateral mastectomy and/or
bilateral adnexectomy (11).

Therapeutic Approaches in
Case of lliness

In particular, direct therapeu-
tic consequences from the
genetic findings currently
result during the detection of a
pathogenic BRCA1 or BRCA2
mutation with recurrent ovarian
cancer. At this time, the muta-
tion detection in BRCA1 and
BRCAZ2 is a prerequisite among
these patients for maintenance
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therapy with a PARP inhibitor.
In previous study data, the
therapeutic effect on mutation
carriers had quite clearly shown
that the BRCA mutation status
was classified as a predictive
test that predicts the response
of PARP inhibitor therapy (12).
But notwithstanding the above,
the knowledge of mutation sta-
tus with ovarian cancer is also
of great relevance for assess-
ment of the clinical course,
since mutation carriers have

a better overall prognosis and
renewed therapy-free inter-
vals are possible in the event
of a recurrence. This is why

in the meantime all patients
with ovarian cancer are already
offered counselling in the ge-
netic consultations upon initial
diagnosis.

In case of breast cancer
platin-based therapies are
demonstrably effective chemo-
therapeutic agents. Studies are
currently being conducted on
the use of parp-inhibitors with
breast cancer. Initial results for
the adjuvant are expected next
year.

New Genetic Diagnostics
State-of the-art laboratory diag-
nostics are also being now con-
ducted since recently within
the scope of special consulta-
tion hours for counselling with
regard to hereditary breast
cancer and ovarian cancer es-
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tablished at the Ludwig-Maxi-
milians University of Munich
(LMU), Department of Gy-
naecology and Breast Center
over 20 years ago. The offer
encompasses the multigene
panel diagnostics (TruRisk®)
established by the German
Consortium for Hereditary
Breast and Ovarian Cancer; in
addition, exome sequencing
can also be offered.

The presentation of affected
female and male patients

who are suffering from breast
cancer, ovarian cancer or endo-
metrial cancer occurs via the
genetic risk consultation hours.
In addition to the detailed

case history, a genealogical
tree with resulting risk profile
will also be compiled in this
connection. Depending on this
constellation, a genetic test will
be conducted afterwards. The
test is established for muta-
tions in the BRCA1 and BRCA2
genes, and provides patients
with a high degree of certainty
and additional information with
regard to therapeutic options in
the event of illness.

New high-risk genes and risk
genes can now also be quickly
and reliably identified through
the technical progress in the
field of genome analysis by
means of “next-generation
sequencing”. As one of the
leading members of the Ger-
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man Consortium for Hereditary
Breast and Ovarian Cancer, the
continuous further develop-
ment of clinical consequences
from the genetic findings are
the focus in our center.

The main objectives are
therefore the identification

of individuals with a high risk
of illness, the assessment of
actually existing risk, and an
intensive, risk-adapted and
specific care of those affected,
which prevent the onset of
illness through timely diagnos-
tics or significantly improve the
course of disease.
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Orthopedic Surgery

Total knee arthroplasty (TKA)
for patients with osteoarthritis
is one of the most common
procedures in orthopedics.
Worldwide the numbers of
implantations are still increas-
ing with more than 2.000.000
procedures performed every
years [1]. Annually, there are
about 700.000 TKA in the US
and 150.000 in Germany [2, 3].

Due to the high number of
primary implantations there

is also an increasing number
of revision knee arthroplas-
ties worldwide. In 2014 there
were about 50.000 revisions
performed in the US and over
20.000 revision procedures
conducted in Germany [2, 3].

The most common reasons for
revision knee arthroplasty are
aseptic loosening, peripros-
thetic joint infections (PJI)

and instability of the knee.
These three conditions will

be described in the following
paragraphs.

Aseptic Loosening

According to the annual report
2015 of the German Arthro-
plasty Registry (EPRD), the
majority of revision TKA (34.5
%) in Germany was performed
due to aseptic loosening [3]. In
contrast, it was only the fourth
common reason (13%) in the
UsS [4, 5].
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The main cause for aseptic
loosening is wear of the poly-
ethylene (PE) inlay, causing the
resulting abrasive particles to
initiate permanent inflamma-
tory reactions of the joint [6].
The ensuing osteolyses at the
interface between bone and
implant leads to a detachment
of the prosthesis from the
bone. For the patient, this usu-
ally causes pain. Due to mate-
rial improvements, the average
life expectancy of most knee
prostheses until occurrence of
aseptic loosening is more than
15 years.

After securing the loosening
of the implant by radiographs
or, if necessary additional bone
scan, the next step is planning
the revision surgery. If the
loosening occurred in an early
stage (in the first 3-b years
after primary implantation),
periprosthetic joint infections
(PJI) should be excluded (for
example by joint aspiration).
The choice of the type of
revision prosthesis depends
on the location and the extent
of osteolyses as well as the
stability of the knee joint. If
only the tibial or the femoral
compartment of the prosthe-
sis has loosened, usually only
this component is replaced.

A precondition for such an
isolated revision is a sufficient
stability of the knee in case of
an unconstrained TKA.
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Fig. 1a,b: Radiographs of tibial loosening of a medial UKA
(a) and after revision in an unconstrained TKA using an
autologous bone graft from the proximal lateral tibia (b).

In case a complete revision of
the prosthesis is needed, usu-
ally a different type of implant
will be used. If an unicompart-
mental knee arthroplasty (UKA)
is loosened, a revision using

an unconstrained primary TKA
is possible in most cases (Fig.
1a and b) [7]. Once a primary
TKA has loosened, a semi-
constrained or a completely
constrained revision prosthesis
with anchoring stems is neces-
sary in most cases (Fig. 2a

and b). Modern revision knee
prostheses are usually modular
implants.

The adequate sizes of the
tibial and femoral component
as well as the thickness and
length of the stems anchor-
ing in the femur and in the
tibia are determined using
trial prostheses. In the next
step the original implants are
assembled modularly. In this
way, a revision prosthesis is
created tailored/customized to
the patient’s dimensions and
the particular bone situation.
Bone defects produced by
osteolyses can be addressed
using augments, also called
wedges or spacers, which are
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Fig. 2a: Radiograph in two plains
revealing aseptic loosening of a TKA
with osteolysis at the tibial tuberos-
ity.

mounted on the backside of
the respective component. The
shafts can be anchored in the
femoral canal and in the tibial
canal without or with bone ce-
ment [8]. Choosing the wright
techniquedepends on the bone
quality and the extent of the
osteolyses. Cementless shafts
require a sufficient cortical
anchorage of at least 5-6 cm.

A further selection to choose is
the level of constraint [9, 10]. If
the osteolyses are limited and
the knee still provides a resid-
ual stability, a semiconstrained
revision implant (also called
condylar constrained knee)

can be used. For this type of
implant, the two components
are not strictly constrained. The
additional stability is provided
by a post integrated in the tibial
component or the inlay articu-
lating between the condyles
with the femoral component.
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In contrast, for a completely
constrained prostheses (also
called hinged knee), a fixed
connection is created between
the two components using an
axis.

Periprosthetic Joint
Infections (PJI)

The second most common
reason for revision of knee
arthroplasty in Germany is

PJI with 19.3% (according to
EPRD data [3]). Only regard-
ing the situation in Germany,
this data corresponds to about
4,000 surgeries per year or
about 2.5% of all primary
implants and revisions. In con-
trast, in the US, with 40%, PJI
the most common reason for
revision [5].

The adequate procedure for
PJI depends on the duration of
the infection [11]. If the infec-
tion occurs within the first 4-6
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Fig. 2b: Radiograph in two plains
after revision using a modular con-
dylar constrained revision implant
with a cemented tibial stem.

weeks after primary implan-
tation or revision, a revision
with exchange of the inlay and
throughout jet lavage can often
be curative. A similar proce-
dure is possible in the event
of an acute infection, which is
mostly due to a hematogenic
infection, lasting not more than
2 weeks. The success rate of
irrigation and exchange of the
inlay is crucially linked to the
duration of the infection and
the type of pathogen. With
every day the infection exists,
the chances for success are
decreasing. Furthermore, the
success rate decreases, the
more challenging the treat-
ment of the bacterial infection
presents. These are bacteria
with biofilm formation, such as
staphylococcus epidermidis,
coagulase-negative staphylo-
coccus and enterococci. Addi-
tionally, multi-resistant germs,
such as MRSA or ESBL, also
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imply a decreased success
rate.

If the PJI persist for longer, a
complete exchange of all im-
plant components is necessary.
As a variant of a PJI, so-called
low-grade infections are more
difficult to treat because the di-
agnosis is more difficult. These
patients often report complains
for several years. In order

to ensure the diagnosis of a
low-grade infection, it is often
necessary to perform up to five
joint aspirations. An important
factor is a long-term incuba-
tion of the samples for at least
10-14 days [12]. If the causing
bacteria can be detected, the
preconditions for the neces-
sary revision are improved.
According to the antibiogram,
the antibiotic integrated in the
bone cement as well as for

the intravenous treatment can
be adapted specifically to the
bacteria.
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Fig. 3a: Radiograph indicating a PJI
of a revision knee prosthesis with
osteolysis of the proximal tibia.
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Fig. 3b: X-ray after removal of the
infected prosthesis and implantation
of an antibiotic-loaded bone cement
spacer.
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Fig. 3c: After successful treatment of

the infection a condylar constrained |34

revision prosthesis was implanted.

A further evidence for an
infection can be provided by
determining the cell count of
the joint aspiration. Accord-

ing to the literature there is a
threshold of >1700 or >3000
cells / pl fora PJI [13, 14]. If
the suspected diagnosis of

a low-grade infection per-

sists after the aspirations, an
arthroscopy with biopsies of
the synovial membrane can

be performed. On the basis of
the tissue samples, a detection
of the bacteria is often pos-
sible. Additionally, pathological
examinations of the samples
can provide further evidence
supporting the diagnosis of PJI.
Additional diagnostic investiga-
tions are positron emission
tomography (PET) and granulo-
cyte scintigraphy.

For the majority of patients, the
operative therapy of a late PJI
is a two-stage revision of the
arthroplasty [15]. A single-stage
revision is only performed in
case of a known, easy-to-treat
bacterium. After securing the
diagnosis of a PJI, the first pro-
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cedure persists in the explanta-
tion of the infected prosthesis
and the insertion of a spacer
consisting of antibiotic-loaded
bone cement. The spacer
should be made out of two
parts to allow a certain mobility
of the knee joint until the re-
implantation can be performed
(Fig. 3a and b). The therapy is
accompanied by a systemic
antibiotic treatment. In most
cases the reimplantation is
undertaken at least 6 weeks
after explantation with normal
or at least decreasing infection
parameters. Depending on the
extent of bone defects and the
stability of the joint, a modular
constrained revision prosthesis
is used in most cases (Fig. 3c).

Ligament Instability
According to EPRD data, the
third most common cause of
revision knee arthroplasty in
Germany is ligament instabil-
ity with a share of 9.4% [3]. In
the US, instability is, with 20%
of all revisions, the second
most common reason [5]. In
the case of unconstrained UKA
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Fig. 4a: Radiograph in two plains indi-

cating a pronounced multidirectional
instability of an unconstrained TKA.

or TKA a sufficient stability,
especially of the collateral
ligaments, in extension and
flexion of the knee is a pre-
condition for a regular function
of the arthroplasty [16, 17]. A
pronounced instability can be
easily detected in radiographs
(Fig. 4a). But in most cases the
diagnosis is made on the basis
of the clinical examination. Dif-
ficult to diagnose is a so-called
mid-flex instability, which is
characterized by an instabil-

ity in 30-60° of flexion with a
sufficient ligament stability in
full extension. Nevertheless,
these patients often complain
about load-dependent chronic
pain. As operative therapy, an
isolated exchange of the inlay
is only useful, if the extent of
instability of the medial and
lateral collateral ligament is the
same in extension as well as
flexion. In most cases, how-
ever, a complete revision using
a semi-constraint or a hinged
prosthesis is necessary (Fig.
4b).

Further reasons for revision
arthroplasty are pain, wear of
the inlay, arthrofibrosis and
periprosthetic fracture.
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Conclusion

The most revision arthroplas-
ties are not performed due to
aseptic loosening. In the case
of PJI, instability, arthrofibrosis
or pain revisions are frequently
necessary within the first 12
months after implantation. This
statement reflects the results
of several clinical trials reveal-
ing up to 20% of unsatisfied
patients after primary implan-
tation [18]. This high number
is partly due to the complex
kinematics of the knee joint
which cannot be completely re-
constructed even with modern
prosthesis designs. Numer-
ous intraoperative parameters
influence the clinical outcome.
Therefore, the experience of
the surgeon is a decisive factor
for the success of TKA [19].
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Fig. 4b: Radiograph after revision
using a condylar constrained implant
with cemented stems.
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Rotator Cuff

Techniques

Keywords: Rotator cuff tear,
repair technique, single row,
double row, suture bridge, knot
tying, knotless

Abstract

There are a lot of techniques to
repair rotator cuff. For the small
tear size prefer single-row (SR)
technique, but large tear size
prefer double-row (DR) tech-
nique. Based on biomechanical
studies on DR, suture bridge
double-row (SB-DR) seem to
be stronger than conventional
double-row (C-DR). In biome-
chanical studies on knot tying
SB-DR, the double mattress
(DM) stronger than single
mattress (SM), but by clinical
studies showed higher re-

tear rate in both techniques.

In biomechanical studies on
knotless SB-DR, the double
tendon perforation (DTP)
technique is stronger than the
single tendon perforation (STP)
technique, but clinical studies
showed an equal re-tear rate.
In biomechanical studies, knot
tying is stronger than knotless
systems, but no systematic
review on clinical studies. Not
only the strength of the repair
construct, the biologic proper-
ties of degenerative rotator

cuff tendon plays an important
role in clinical outcomes and re-
tear rate. Randomized clinical
trials and systematic reviews
on clinical studies are need to
compare knotless versus knot
tying, STP versus DTP and SM
versus DM techniques.

Introduction

The prevalence of shoulder
pain is estimated to be about
16% in primary care unit [1].
Between 30% and 85 %

of shoulder pain is due to a
rotator cuff pathology [2, 3.
Rotator cuff tears usually result
in shoulder pain, stiffness,
weakness and loss of motion
[4]. Primary non-operative treat-
ment can be sufficient for most
rotator cuff tears, especially in
patient with lower demands

[4]. Operative treatment is
often required in patients who
have persistent symptoms and
functional impairment usually
more than 3 months of con-
servative treatment [4].

The arthroscopic repair can
provide equal structural and
mechanical properties to open
repair [5]. Arthroscopic tech-
nigues had several advantages
such as less pain, surgical scar
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Single-row (SR) versus double-row il JiLEs (SR) guydll caanll el o
(DR) studies (Fig. 1, 2 and 3) Single-Row (SR) versus Double-Row (DR) Studies (Fig. 1, 2 and 3) (F5¥s ) J\sﬁl) (DR) g 554!
KIS ax)

Kim, 2006 Gap formation: SR > C-DR C-DR better than SR
Cadaver Strain over footprint: SR > C-DR
Stiffness: SR < C-DR
Load to failure: SR < C-DR

Mazzocca, 2005| Gap formation: SR = C-DR C-DR better than SR
Cadaver Load to failure: SR = C-DR
and complications, shorter Cyclic displacement: SR = C-DR W [i] J_‘q‘\}I clllidl g3
recovery and rehabilitation Footprint contact area: SR < C-DR =

K| yadl = Yadl Ll Ls
[4]. This paper provides a sl =halle —e

Carbonel, 2012 | Tear size >3 cm: UCLA, ASES, SSI, | C-DR better than SR (o s .
comprehensive review of the 160 patients ROM: SR < C-DR . o2lel pgaad Gadll (o 5l
evolution of rotator cuff repair F/U 24 months | Tear size <3 cm: ROM: SR < C-DR ASISole Jaalg Cdns g 8 et
techniques and describes our Re-tear rate: SR = C-DR sl = Moall yo gl ¥ oy
current techniques. .. .
g Panella, 2016 | UCLA, CS, ROM, Pain, Strength: | SB-DR better oWl M Sy -[i]
. . F/U 24 months | SR =SB-DR than SR Sl auis o Lagall
Evidences Based Review 24SR, 20SB-DR| Strength compare to asymptomatic i *um i pao i
contralateral: SR < SB-DR el & gluaie LSlSoo 5 4410 A
* Single-row (SR) versus ol has [o] £3aY
double-row (DR) studies Duquin, 2010 Tear size > 1 cm: Re-tear rate: DR better than SR - ) -
(Fig. 1, 2 and 3): Systematic SR group > DR group Lgio Lile Bumy Junlaall julans
Y ’ review (SR group = Transosseous and “Lw \;ﬁ APRIER] |
anchor suture) = "_S’ i g d - e
- SR, Single-row (Fig. 1) (DR group = C-DR and SB-DR) radledgy olicliasy faala
- C-DR, conventional double paEs [z] Jaalall sulely 23LadY
row (Fig 2) C-DR, conventional double row (Fig. 2); SB-DR, suture bridge double row (Fig. 3); . T . :
’ . UCLA, University of California at Los Angeles Shoulder Score; ASES, American skt Melin Lal jatwl 45, 401 s
- SB-DR, suture bridge double Shoulder and Elbow Surgeons Shoulder Score; SSI, Shoulder strength index;

row (Fig. 3) ROM, Range of motion; CS, Constant score. 8, 9aall 4a<l C)L‘A! olass
Kim, 2006 [6]; Mazzocca, 2005 [5]; Carbonel, 2012 [7]; Panella, 2016 [8]; Duquin,2010 [9] .Z\__J\A.ll Ll RV S

LY e aslill (o) paiwy

(SR) su,all canll &l yu @
(DR) ¢ gaiall Ciuall 550
(Y5 ¥V JIKEYI)

ol Chall SRV JSall
g sa3all iall CDR:Y Sl

(slasll
"’ \" ‘l" "I’ G\’J‘}A.” a1l SB-DR :¥ J<adl
Lyl dbliall
Fig. 1: SR, Single-row Fig. 2: C-DR, conventional double Fig. 3: SB-DR, suture bridge double
row row
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Conventional double-row versus
suture bridge double-row (Fig. 4, 5
and 6)

e Conventional double-row
versus suture bridge double-
row (Fig. 4, 5 and 6):

- Knotless, parallel SB-DR
(Fig. 4)

- Knot tying, cross 4 suture
bridge (Fig. 5)

- Knot tying, cross 2 suture
bridge (Fig. 6)
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Conventional Double-Row versus Suture Bridge Double-Row (Fig. 4, 5, 6)

Burkhart, 2009
cadaver

Park, 2009
cadaver

Park, 2007
cadaver

Park, 2007
cadaver

Yield load to failure:

C-DR = Knotless, parallel SB-DR
Ultimate load to failure:

C-DR = Knotless, parallel SB-DR
Operative time:

C-DR > Knotless, parallel SB-DR

Contact area:

cross SB-DR > C-DR > SR
Contact pressure:

cross SB-DR > C-DR > SR

Contact area:

cross 4 SB-DR > 2 SB-DR > C-DR
Contact pressure:

cross 4 SB-DR > 2 SB-DR > C-DR

Stiffness: SB-DR = C-DR

Gap formation: SB-DR = C-DR
Ultimate load to failure:
SB-DR > C-DR

SB-DR better than
C-DR

SB-DR better than
C-DR

SB-DR better than
C-DR

SB-DR better than
C-DR

C-DR, conventional double row; SB-DR, suture bridge double row;
Burkhart, 2009 [10]; Park, 2009 [11]; Park, 2007 [12]; Park, 2007 [13]

Fig. 4: Knotless, parallel SB-DR

il (o JLall g5l gall SB-DR :¢ Sl

Fig. 5: Knot tying, cross 4 suture

bridge

Tyl oLl cguiall bay Il -0 JSI

bridge

el

Fig. 6: Knot tying, cross 2 suture

Tl Tl ((guiall fa I\ JSI

Sl ¥

allisdl dalya

Chaall Jyls gualill ¢ guall il

04 & JISEYI) Ly yruall Lsloall £ guall
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Knot tying SB-DR study (Fig. 7, 8, 9

V JIKaYI) gaiall by, 1 SB-DR Ll
and 10) Knot Tying SB-DR Study (Fig. 7, 8, 9 and 10) )

(Ves 95 Ay

Pauly, 2010 Ultimate tensile strength: Strongest
40 porcine | Single mattress (SM)=204.3 +/-90 N | construct are

Double mattress (DM)=368.6 +/- 99.5N| DM, DP, SM, CS,
Cross stitch (CS)=184.9 +/- 63.8 N respectively
Double pulley (DP)=248.4 +/- 122.7 N

* Knot tying SB-DR study Pauly, 2010 [14] (sadall Loy I SB-DR Ll ,yu @
(Fig. 7,8, 9 and 10): - (o3 85 Ay V L)

- Knot tying, cross 4 suture

bridge, single mattress Ll (salall by, Il Sl
(Fig. 7) Lol Liguall 5 ,ladl € Xy juanll
- Knot tying, cross 4 suture ALl el o oA ISl
bridge, double mattress T ¢ - ! - “
(Fig. 8) 4__\.“..;" ‘a‘).g\.a." ¢ 4.\__‘).\...;"
- Knot tying, cross 4 suture ia guyall
bridge, cross stitch (Fig. 9) alaall gudall Loy 104 JSi!
- Knot tying, cross 4 suture 5Ll ZhLiall 5 pslall § 2yl

bridge, double pulley (Fig. 10) .
dalualdl ‘gﬁa.ll.la.ujl RN

5,51 3 paladl £ 4y uaall
KQJJ}A.“
Fig. 7: Knot tying, cross 4 suture Fig. 8: Knot tying, cross 4 suture Fig. 9: Knot tying, cross 4 suture Fig. 10: Knot tying, cross 4 suture
bridge, single mattress bridge, double mattress bridge, cross stitch bridge, double pulley
¢ Lyl A laall (gaall by 10V Uil € 3 juaall Aaliall (gudall oy I A JSEN € 3 puuadl Abluall (galall by 0028 J<EI & juaall A Laadl gudall by 00 : Y o <l
Luall Lduadl (3 o lall A gayall Luualdl (3 puladl B ladl Aaliall (3 lall da gayall 3,000 B el €
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Knot tying, SB-DR, single mattress:
clinical outcomes study (Fig. 11) Knot Tying, SB-DR, Single Mattress: Clinical Outcomes Study (Fig. 11)

Author / year Conclusion

Rimmke, 2016 ASES, VAS, FF, IR = improved Single mattress =
42 patients Re-tear rate = 14.28% good result
F/U13.5 months | Larger tear size associated with

higher re-tear rate

Toussaint, 2011 CS, VAS, FF = improved Single mattress =
154 patients Re-tear rate = 14% good result
e Knot tying, SB-DR, single F/U 15 months | Stiffness = 17/154 case (11.04%)
mattress: clinical outcomes
study (Fig. 11): Panella, 2016 UCLA, CS, ROM, Pain, Single mattress =

20 patients Strength = improved good result

. . F/U 24 th
- Medially knot tying, 2 tendon G

perforatlon, smgle mattress, UCLA, University of California at Los Angeles Shoulder Score;

cross 4 suture bridge (Fig. 11) I TR LT IR = e AT L R AT T R o
ROM, Range of mation; CS, Constant score;
VAS, Visual Analogue Scale for pain; FF, foreward flexion ; IR, internal rotation
Rimmke, 2016 [15]; Toussaint, 2011 [16]; Panella, 2016 [8]

Fig. 11: Medially knot tying, 2 tendon
perforation, single mattress, cross 4
suture bridge

Ssll 8 ¥ gaall Ly, VY S
§ Ly ysanl Laleall Lo a0l Lutunll LY
3,alall

allisdl dalya

p0,al Lutuall SB-DR gudall Lyl
(VY U)oyl 5L
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Knot tying, SB-DR, double mattress : da g yall Liiuall SB-DR «(gudall by,
clinical outcomes studies (Fig. 12) Knot Tying, SB-DR, Double Mattress: Clinical Outcomes Studies (Fig. 12) (VY Sl Tyl il o

Author / year Conclusion
Stahnke, 2016 Re-tear rate 6/13 (46.15%) Double mattress =
13 patients Medial cuff failure 4/6 (66.67%) | high re-tear rate
Gerhardt, 2012 SSV =92.9% Double mattress =
20 patients CS=77.0% high re-tear rate
F/U 23.4 months | WORC =90.7%
_ Re-tear rate = 25 %
* Knot tying, SB-DR, double Medial cuff failure = 80% Ltuall SB-DR ((suiall Lay,ll @
mattress: clinical outcomes °

studies (Fig. 12): CS, Constant score; SSV, subjective shoulder value; @JLLH Slalys Aagaal
WAORC, Western Ontario Rotator Cuff Index ;(\ Y K ‘«.,]l) Ly yuddl

] ) Stahnke, 2016 [17]; Gerhardt, 2012 [18]
- Medially knot tying, 4 tendon
perforation, doub.le mat‘Fress, oy gs-\i*-" RN A
cross 4 suture bridge (Fig. 12) gyl Ltuall & 350 L5

Syolall & Ty yunll Laluall

Fig. 12: Medially knot tying, 4 tendon
perforation, double mattress, cross 4
suture bridge
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Knotless SB-DR cadaveric study
(Fig. 13, 14, 15 and 16)

Knotless SB-DR Cadaveric Study (Fig. 13, 14, 15 and 16)

Pauly, 2011
36 porcine

DTP better than
STP

MMS better than
non-augment

Ultimate tensile strength:

Double tendon perforation (DTP)

with medial mattress

stitch (MMS) > DTP > DTP with lateral
simple stitch(LSS) > MMS better than
single tendon perforation (STP) LSS

Pauly, 2011 [19]

e Knotless SB-DR cadaveric
study (Fig. 13, 14, 15 and 16):

- Knotless, single tendon
perforation (Fig. 13)

- Knotless, double tendon
perforation (Fig. 14)

- Knotless, DTP (double tendon
perforation) with MMS (me-
dial mattress stitch) (Fig. 15)

- Knotless, DTP (double tendon
perforation) with LSS (lateral
simple stitch) (Fig. 16)

agall oo Ml SBDR e Lyia Zulya
(VI Vo5 Ve, VY JLsaY)

Sl SB-DR e Lia Zulyu @
Vo Ve VY JLSEYI) aiall e
2(\\\,

S gl Sl L85V Y S
adall ops

ol Sl o35V E <L

adall e JLall
oAl gl L5y o YL

858 o adall o JLAH (DTP)
(MMS) L ¥ Liuall

Zausall 35l L5 A gl

3,8 oo aiall e JLAIN (DTP)
(LSS) Lanlall dyiuall

X

A r

‘ "

A

vy i

Fig. 15: Knotless, DTP (double ten-
don perforation) with MMS (medial
mattress stitch)

(DTP) g sasall 53 sIl 85V 0 J<all
LY Lutuall 35,8 po wdall (e I
(MMS)

Fig. 13: Knotless, single tendon
perforation

RO EUTPPRYC VT W R Y YN
agall

Fig. 14: Knotless, double tendon
perforation

o A gupall 30l LB 8 S
agal

Fig. 16: Knotless, DTP (double
tendon perforation) with LSS (lateral
simple stitch)

(DTP) g saall 5380l 85V Yl
Lolall Ll 85,8 o wBall (o JLa)
(LSS)
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Knotless SB-DR: clinical studies
(Fig. 17 and 18)

e Knotless SB-DR: clinical
studies (Fig. 17 and 18):

- Knotless, single tendon
perforation (Fig. 17)

- Knotless, double tendon
perforation (Fig. 18)
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olulyull iadall e JLall SB-DR
(VAS VY UKz &y pall

Knotless SB-DR: Clinical Studies (Fig. 17 and 18)

Author / year Conclusion

El-Azab, 2010 CS, ASES, muscle strength STP = high re-tear
20 patients, STP | ROM = improved rate
F/U 14 months Re-tear rate = 20%

Hug, 2015 SSV =887 CS =78.2 WORC = 87.1| DTP = high re-tear
22 patients, DTP | Re-tear rate = 22.7% rate
F/U 24 months Medial cuff failure = 2/5 (40%)
alall Gye QJ\A’JI SB-DR e

ASES, American Shoulder and Elbow Surgeons Shoulder Score; VYo I | lal ol

ROM, Range of motion; CS, Constant score © ) "‘)'“UA‘J = ""d

SSV, subjective shoulder value; WORC, Western Ontario Rotator Cuff Index; :(\ AJ
STP, single tendon perforation
DTP, double tendon perforation

adadl e

Toayall y350l L35 VA JSil)

diall e sl

X A

L] r .
Fig. 17: Knotless, single tendon Fig. 18: Knotless, double tendon
perforation perforation
O Sl guall 5l a8y Y U<l O Sl zgasall el Qa5 VA J<a
adall adall



German  al.Jl
Medical =l
Journal =iy

Orthopedic Surgerv THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY ?LE*-" ‘L“-‘J.A
Medially knot tying versus knotless Sl SB-DR (hilis ¥ gadall Lyl
SB-DR: Systematic review on biome- Medially Knot Tying versus Knotless SB-DR: Tl .7 ml gl -
chanics studies (Fig. 19 and 20) Systematic Review on Biomechanics Studies (Fig. 19 and 20) Sy e fangie Lanlye iiall e

(Yo VA OIEM) (SilSas o slsaall
Author / year Conclusion
Mall, 2013 Load to failure, Strength, Gap knot tying better
systematic formation, Contact area: than knotless
review on Knot tying better than knotless
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Discussion

- Small tear size prefer SR,
large tear size prefer DR.
Tendon loss and retraction
may switch from DR to SR
[23].

- Based on biomechanical stud-
ies on DR, SB-DR seem to be
stronger than C-DR.

- In biomechanical studies on
knot tying SB-DR, the DM
stronger than SM, but by
clinical studies showed higher
re-tear rate.

- In biomechanical studies on
knotless SB-DR, the DTP is
stronger than the STP, but
clinical studies showed an
equal re-tear rate.

- In biomechanical studies, knot
tying is stronger than knotless
systems, but no systematic
review on clinical studies.

- Not only the strength of the
repair construct, the biologic
properties of degenerative
rotator cuff tendon plays an
important role in clinical out-
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comes and re-tear rate.

- Randomized clinical trials and
systematic reviews are need
to compare knotless versus
knot tying, STP versus DTP
and SM versus DM tech-
niques (Fig. 21, 22, 23 and
24):

- Knotless, STP (single tendon
perforation)(Fig 21)

- Knotless, DTP (double ten-
don perforation)(Fig 22)

- Knot tying, DTP, SM (single
mattress)(Fig. 23)

- Knot tying, DTP, DM (double
mattress)(Fig. 24)
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Fig. 22: Knotless, DTP (double ten-

Fig. 23: Knot tying, DTP, SM (single

Fig. 24: Knot tying, DTP, DM (double

Fig. 21: Knotless, STP (single tendon
perforation)

SN (STP) (suall 3601 L85:¥ Y Sl
adall e

mattress)
Sl S8 (gaiall by )Y E S
(DM) Za g 3all Lzuall (DTP) z gaall

mattress)
Sl S8 (gaiall by VY <
(SM) & 528l Eazuall (DTP) g 3all

don perforation)
(DTP) ggaiall 35l L85 :YY J<iull
adall e LA



Orthopedic Surgery

Author prefer technique

In our institute we use the
cross suture bridge DR repair
technique (SpeedBridge TOE)
using FiberTape. Medially knot-
less anchor and single tendon
perforation were selected
because there is no subacro-
mial impingement from the
knot, these technique could

be done in shorter operative
time without strangulation of
the tendon, good contact 