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Abstract

Osteonecrosis (ON) is caused by inadequate blood supply
leading to bone death, which results in the collapse of
the architectural bony structure. Femoral head is the
most common site involved in ON. Magnetic resonance
imaging (MRI) is a commonly used imaging modality to
detect early ON. When MRI is inconclusive, bone scan is
helpful in detecting ON during early phase of the disease.
As newer nuclear medicine equipment, like single photon
emission computed tomography/computed tomography
(CT) and positron emission tomography/CT, are emerging
in medical science, we review the role of these imaging
modalities in ON of femoral head.

Key words: Osteonecrosis; Avascular necrosis; Bone scan;
Magnetic resonance imaging; Photon emission computed
tomography scan; Single photon emission computed
tomography/computed tomography

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Early diagnosis and treatment remains the key to
hip preservation in osteonecrosis (ON). Till date magnetic
resonance imaging (MRI) is considered as the gold
standard diagnostic modality for ON. However with the
improvement in nuclear imaging technique, the disease
can be diagnosed even at a very early stage. Available
literature suggests that single photon emission computed
tomography/computed tomography (CT) bone scan and

October 18, 2017 | Volume 8 | Issue 10 |
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"®F-fluoride photon emission computed tomography/CT
have similar or better results in comparison to MRI in ON
of the femoral head. They also provide both morphological
and metabolic information in the disease part and hence
can indicate whether the disease is active or healed.

Agrawal K, Tripathy SK, Sen RK, Santhosh S, Bhattacharya A.
Nuclear medicine imaging in osteonecrosis of hip: Old and current
concepts. World J Orthop 2017; 8(10): 747-753 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i10/747.htm DOI:
http://dx.doi.org/10.5312/wjo.v8.i10.747

INTRODUCTION

Osteonecrosis (ON) is caused by inadequate blood supply
leading to bone death, which results in the collapse of the
architectural bony structure. ON can be due to interruption
of the vascular supply as a result of local trauma or non-
traumatic systemic conditions™. In general, symptomatic
patients present with pain and reduced range of motion.
Initially, pain is due to increase in intramedullary pressure
resulting from medullary bone marrow edema. However,
clinical diagnosis is often difficult due to lack of specific
symptoms during the initial period. Common sites for ON
include the femoral head, humeral head, knee, femoral
and tibial metadiaphysis, scaphoid, lunate and talus'®.
Femoral head is the most common site involved in ON™.,
In the femoral head, site of necrosis is immediately below
the weight bearing articular surface of the bone, i.e., the
anterolateral aspect of the femoral head. Early recognition
of the disease is essential for better patient management.

RADIOLOGICAL IMAGING IN ON

The clinical findings and imaging studies are the primary
modalities used to diagnose and stage ON. In radiology,
the imaging modalities to detect ON are conventional
radiographs, computed tomography (CT) and magnetic
resonance imaging (MRI). In nuclear medicine imaging,
the imaging modalities are planar bone scintigraphy,
single photon emission computed tomography (SPECT)
only bone scintigraphy, SPECT/CT bone scintigraphy
and '*F-fluoride positron emission tomography/CT (PET/
CT) bone scan. Different staging systems have been
developed based on the severity of symptoms and
imaging findings. Knowledge of degree of involvement
in ON of femoral head helps in selecting the optimal
treatment and also predicting the prognosis. In general,
the most important feature of the staging system is
the initial collapse of the cortex of femoral head. Before
collapse, the necrotic lesion in the cortex can undergo
repair and the damage may be reversible; after collapse,

the damage is irreversible™’,

Conventional radiographs
Being the least expensive and most widely available
method, imaging evaluation of ON usually begins with
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Figure 1 X-ray pelvis anteroposterior view shows collapsed right femoral
head with sclerosis and subchondral lucencies, suggestive of osteonecrosis
of right femoral head.

conventional radiography. Ideally, both frontal and frog-
leg lateral projections should be obtained. The typical
radiographic appearance shows patchy areas of lucency
with surrounding sclerosis®?!, The surrounding sclerotic
margin correlates with the host bone response to wall
off the areas of necrosis. X-rays may also show early
articular collapse (Figure 1). However, radiography has
low sensitivity during early stages.

CT

In early femoral head ON, a CT scan may shows alter-
ation of the normal “asterisk” that is formed due to
condensation of the compressive and tensile trabeculae.
Although, CT has lower sensitivity in detection of early
changes than scintigraphy or MR imaging, it is helpful
for detecting articular collapse location and extent in
epiphyseal ONF™,

MRI
MRI is considered the most sensitive and specific ima-
ging modality in detection of ON®”), Generally, early
fatty marrow necrosis is not associated with changes in
signal intensity on MR studies. Death of cellular marrow
components initiates tissue reaction, which results in
appearance of a reactive interface between live and
necrotic marrow areas. The hallmark of early avascular
necrosis lesions is clear delineation of normal-appearing
epiphyseal area with either a low-signal-intensity band on
T1-weighted images or a rim of sclerosis on radiographs™.
The rim of sclerosis is often crescentic or wedge shaped.
The interface appears as a low-signal-intensity band with
a sharp inner face and a blurred outer face on MRI*®!,
A “double-line” sign on T2 weighted MRI has been
demonstrated in 65%-85% of cases of early ON®!, This
double-line sign consists of an outer low signal intensity
rim of sclerosis and a second inner high signal intensity
representing the reparative granulation tissue of the
reactive interface. However, some authors have attributed
the outer low signal intensity rim to a potential chemical-
shift artifact™.

In a minority of patients, the area of ON may also
show intrinsic characteristics such as hemorrhage

October 18, 2017 | Volume 8 | Issue 10 |
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Figure 2 A 30-year-old female treated with chemotherapy for breast cancer
was referred for *"Tc-MDP bone scan to evaluate cause of disabling
hip pain. Whole body (A and B) and delayed images (C and D) demonstrate
photopenic areas in bilateral femoral heads (arrows) with increased osteoblastic
activity surrounding the photopenic region in the right femoral head, suggestive
of bilateral avascular necrosis. Increased osteoblastic activity in bilateral distal
femora is likely due to biomechanical stress reaction due to altered gait.

(high signal intensity on T1- and T2-weighted), cystic
changes (low signal intensity on T1-weighted and high
signal intensity on T2-weighted images), and fibrous
tissue (low signal intensity with all pulse sequences). Non-
specific diffuse marrow signal abnormality may be seen
in patients with sickle cell anemia and Gaucher’s disease.
On a contrast enhanced MR study, typically, there is lack
of enhancement of the necrosed area. A peripheral rim
of enhancement corresponding to the zone of creeping
substitution granulation tissue is generally seen™. In
advanced disease, lesions show low signal intensity on
T1 weighted and variable signal intensity on T2 weighted
images. However, previous studies have demonstrated
that signal changes on MR imaging may not be evident
despite histologic evidence of ON™*?, It has been shown
that signal changes caused by the death of marrow cells
from ischemia on T1- and T2-weighted images may not
occur until 5 d after interruption in the blood supply™.
Hence, MRI may be false negative in the early phase of
ON.

NUCLEAR MEDICINE IMAGING IN ON

Planar technetium-99m methylene diphosphonate bone
scintigraphy

Technetium-99m methylene diphosphonate (*°™Tc-
MDP) bone scintigraphy is one of the most commonly
performed nuclear medicine studies. It is highly sensitive
in detection of different benign and malignant bone
pathologies'*®!. The skeleton is made up of inorganic
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calcium hydroxyapatite crystals. The tracer uptake in
a bone scan primarily identifies areas of osteoblastic
activity. *"Tc-MDP binding occurs by chemisorption in
the hydroxyapatite component of the osseous matrix.
However, blood flow is the other most important factor
influencing uptake of the radiotracer. As low as 5%
change in bone turnover can be detected on bone
imaging, whereas 40%-50% of mineral must be lost to
detect lucency within the bone on radiographs and CT™*,

Three phase bone scan is usually performed in
patients with suspected ON. In the three phase study,
a bolus of *™Tc-MDP is injected intravenously with the
concerned body parts under the gamma camera. The
first phase of the study includes immediate dynamic
images after radiotracer injection acquired for 60 s.
The second phase or blood pool or soft tissue phase is
acquired after approximately 5-10 min of radiotracer
administration and delayed phase after 2-3 h.

As ON is an evolving process, the appearance on
bone scan depends on the stage of the disease. In the
acute phase of ON, no radiotracer is delivered to the bone
tissue. Therefore, initially for 7-10 d after the event, ON
generally appears on bone imaging as a photopenic area
(Figures 2 and 3). After 1-3 wk, increased radiotracer
uptake is seen in a subchondral distribution due to
osteoblastic activity at the reactive interface around the
necrotic segment™’, Imaging with pinhole collimator is
useful as it increases the resolution. Overall sensitivity
of bone scintigraphy for diagnosis of ON of femoral head
is from 78% to 91%"¢, This variation in sensitivity
is probably due to different etiology of ON of femoral
head. For example, sensitivity is high in ON following
femoral neck fracture due to sudden and nearly complete
cut off of blood supply resulting in large, well defined
cold lesion on bone scintigraphy. However, in chronic
processes like steroid induced ON, typical cold lesion may
not be identified and scintigraphy usually demonstrates
increased tracer localization due to microcollapse and
repair. Some studies have shown that bone scan is
superior to conventional MRI in early detection of ON™,
However, a planar bone scan has its own limitations of
low specificity due to difficulty in distinguishing ON from
fractures, transient osteoporosis or other conditions!.
Although MRI is considered the diagnostic modality of
choice in patients with femoral head ON, bone scan
remains a valid alternative with fractured femoral neck
with a metallic fixation device. Moreover, it is also helpful
when involvement of multiple sites is suspected in
patients with risk factors such as sickle cell disease.

SPECT bone scintigraphy

SPECT imaging is a nuclear medicine modality which
produces cross-sectional images similar in presentation
to CT and MRI in radiology. On planar bone scintigraphy,
earliest and most evident finding of ON, /.e., photopenic
region in the femoral head may be obscured by the
superimposed acetabular and other surrounding bone
activity®. This overlying increased activity could be

October 18, 2017 | Volume 8 | Issue 10 |
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Figure 3 Coronal single photon emission computed tomography (A), coronal computed tomography (B) and coronal fused single photon emission
computed tomography/computed tomography images (C) of the patient mentioned in Figure 2 localizes the photopenic defects to head of bilateral
femora. The lucent areas with surrounding sclerosis in both femoral heads on low dose computed tomography (CT) component of single photon emission computed
tomography/CT (B) increase the diagnostic confidence and specificity.

PERFUSION — = :
R Fy i '

Figure 4 Perfusion phase of three-phase *"Tc-MDP bone scan of a patient with right side hip pain shows symmetrical flow of tracer in bilateral hips.

due to osteoarthritis, fracture, inflammatory arthritis, sensitivity of SPECT in detection of ON of the femoral
etc., and results in false negative test results. As SPECT head, compared to 66% for MRI. Several other studies
provides three-dimensional images, it is possible to have shown that in ON of the femoral head, the
separate the femoral head from other overlying bony sensitivity of MRI ranges from 85% to 100% and that
structures (Figures 4-6). Siddiqui et a/**’ demonstrated of SPECT bone imaging ranges from 85% to 97%"%*%*,
that both MRI and bone SPECT are complementary to Hence, SPECT bone scan could be equally informative in
each other in detecting subclinical avascular necrosis patients with suspicion of ON of the femoral head.

in asymptomatic renal allograft recipients. Ryu et a/*”

showed that bone SPECT imaging is more sensitive SPECT/CT bone scintigraphy

than MRI in early detection of femoral head ON in Hybrid SPECT/CT provides both anatomical and metabolic
renal transplant recipients. Their study revealed 100% information (Figures 2 and 3)™*., CT component is helpful
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Blood pool
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Figure 5 Blood pool images of the patient (as mentioned Figure 4) show minimally increased tracer uptake in the region of right hip. The delayed images

show increased tracer uptake in the right hip region with no definite photopenic area.

Head to feet Transversal
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Figure 6 The single photon emission computed tomography images of the patient (as mentioned in Figure 4) show definite central photopenia with surrounding
increased tracer uptake in the right femoral head (not evident on planar delayed images), suggestive of osteonecrosis of the right femoral head.
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in localization and characterization of increased osteoblastic
activity seen on planar or SPECT only images. CT scan
added to SPECT can detect subtle collapse of the femoral
head, which may not be easily visible on plain radiographs.
In addition, morphological imaging may detect other
underlying pain generators, which may explain the
symptoms. Although SPECT-only bone scintigraphy has
high sensitivity, its specificity is low. Luk et af*® showed
that SPECT/CT has similar sensitivity (100%) as SPECT
bone scintigraphy, but better specificity compared to
SPECT imaging alone (88% vs 82%) for the diagnosis of
ON of the femoral head. In another study, SPECT/CT was
found superior to planar and SPECT only bone scan for
the diagnosis of ON. SPECT/CT demonstrated diagnostic
accuracy of 95%, sensitivity of 98% and specificity of
87% compared to diagnostic accuracy of 67%, sensitivity
of 75% and specificity of 40% for planar bone scan®®®.

“F-fluoride PET bone scan

With wider use of PET/CT and reintroduction of the
8E_fluoride bone scan, its role in ON has been evaluated
by researchers. '®F-fluoride is a positron-emitting
radiotracer™, After diffusion through capillaries into
bone extracellular fluid, **F-ions exchange with hydroxyl
groups in hydroxyapatite crystals to form fluorapatite!.
®r_fluoride PET has several advantages over *™Tc-
MDP bone scan. ®F-fluoride has approximately 100%
first-pass extraction in bone, allowing the estimation of
bone blood flow. Further; its uptake in bone is two-fold
higher than that of **™Tc-MDP. Moreover, it is not protein
bound, which leads to faster blood clearance and better
target-to-background ratio. In addition, PET/CT imaging
has higher resolution compared to SPECT/CT leading
to better appreciation of the characteristic photopenic
region on PET/CT. Hence, ®F-fluoride bone scan has
high sensitivity compared to *™Tc-MDP bone scan™.
Quantification is another technical advantage of PET/CT
imaging. Additional CT features theoretically results in
high specificity of '°F-fluoride PET/CT in ON of femoral
head.

Typically, a ring sign, i.e., circular pattern uptake
surrounding a photopenic region is noted on **F-fluoride
PET/CT studies'”’. The central photopenia represents
the necrotic area, whereas the surrounding uptake area
probably reflects reactive bone formation around the
necrotic area or microcollapse. A study by Gayana et al*®
revealed higher sensitivity and accuracy of ®F-fluoride
PET/CT compared to MRI in ON of the femoral head.
Recently, one group showed that metabolic information
obtained from '®F-fluoride PET/CT is useful to predict
femoral head collapse in ON®”’, A semi-quantitative
parameter like SUVmax is used for quantifying bone
metabolism. They concluded that SUVmax increases
with stage progression and collapse of femoral head was
observed within 12 mo after *F-fluoride PET in patients
with SUVmax more than 6.45. This finding could be very
useful in predicting femoral head collapse in ON and may
lead to early management change.
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CONCLUSION

Imaging plays a crucial role in early diagnosis of ON of
the femoral head. Although MRI is a commonly used
modality in detecting ON, nuclear medicine imaging
technology has improved tremendously in recent years.
Although there is scarcity of literature, new imaging
modalities like SPECT/CT bone scan and ‘®F-fluoride
PET/CT have similar or better results in comparison to
MRI in ON of the femoral head. In addition, they provide
both morphological and metabolic information.
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Abstract

AIM

To determine the effects of a cell sheet created from
sheep bone marrow and tricalcium phosphate (TCP) on
osteogenesis.

METHODS

Bone marrow cells were harvested from a sheep and
cultured in @ minimal essential medium (MEM) containing
ascorbic acid phosphate (AscP) and dexamethasone (Dex).
After 2 wk, the formed osteogenic matrix cell sheet was
lifted from the culture dish using a scraper. Additionally,
harvested bone marrow cells were cultured in MEM only
as a negative control group, and in MEM with AscP, Dex,
and B-glycerophosphate as a positive control group. For
/n vitro evaluation, we measured the alkaline phosphatase
(ALP) activity and osteocalcin (OC) content in the media of
the cultured cells from each group. For /n vivo analysis, a
porous TCP ceramic was used as a scaffold. We prepared
an experimental group comprising TCP scaffolds wrapped
with the osteogenic matrix cell sheets and a control group
consisting of the TCP scaffold only. The constructs were
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implanted subcutaneously into athymic rats and the cell
donor sheep, and bone formation was confirmed by
histology after 4 wk.

RESULTS

In the /n vitro part, the mean ALP activity was 0.39 =
0.03 mg/well in the negative control group, 0.67 + 0.04
mg/well in the sheet group, and 0.65 £ 0.07 mg/well
in the positive control group. The mean OC levels were
1.46 + 0.33 ng/well in the negative control group, 3.92
+ 0.16 ng/well in the sheet group, and 4.4 + 0.47
ng/well in the positive control group, respectively. The
ALP activity and OC levels were significantly higher
in the cell sheet and positive control groups than in
the negative control group (P < 0.05). There was
no significant difference in ALP activity or OC levels
between the cell sheet group and the positive control
group (P > 0.05). TCP constructs wrapped with cell
sheets prior to implantation showed bone formation, in
contrast to TCP scaffolds alone, which exhibited poor
bone formation when implanted, in the subcutaneous
layer both in athymic rats and in the sheep.

CONCLUSION
This technique for preparing highly osteoinductive TCP
may promote regeneration in large bone defects.

Key words: Cell sheet; Osteogenesis; Sheep; Bone
marrow; Mesenchymal stromal cell

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: An osteogenic matrix cell sheet derived from
sheep bone marrow enhances osteogenic differentiation.
We found that the osteogenic matrix cell sheets on
tricalcium phosphate discs efficiently promotes bone
formation.

Kira T, Akahane M, Omokawa S, Shimizu T, Kawate K, Onishi
T, Tanaka Y. Bone regeneration with osteogenic matrix cell sheet
and tricalcium phosphate: An experimental study in sheep. World
J Orthop 2017; 8(10): 754-760 Available from: URL: http://
www.wjgnet.com/2218-5836/full/v8/i10/754.htm DOI: http://
dx.doi.org/10.5312/wjo.v8.110.754

INTRODUCTION

Massive bone defects that result from trauma or tumor
resection, osteomyelitis, or osteonecrosis require bone
grafting and represent a great burden in clinical practice.
Although an autologous bone graft transferred as either
vascularized or non-vascularized tissue remains the
gold standard to treat bone defects, the graft procedure
is associated with complications at donor sites™?,
Allografts carry high risks of infections, immunological
rejection, and poor rate of bone-healing®. Although
artificial bone material possesses some osteoinductive
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and osteoconductive activities, its osteogenic potential is
limited™.

Bone marrow mesenchymal stromal/stem cells
(BMSCs) are capable of differentiating into osteoblasts,
chondrocytes, or adipocytes in vitro and are widely
applied in bone tissue engineering™. They are preferably
combined with scaffolds to prevent the BMSCs from
flowing out of the target site'.

We previously developed a new technique of BMSC
transplantation using osteogenic matrix cell sheets
(OMCSs) derived from rat BMSCs to induce osteogen-
esis’”). Because these OMCSs do not require a scaffold
and maintain intercellular networks with the extracellular
matrix that they produce, these sheets can be used in
various graft sites in animal models™®!. Furthermore,
these OMCSs produce growth factors, such as bone
morphogenetic protein and vascular endothelial growth
factor. Therefore the OMCSs represent an ideal candidate
for promoting new bone formation. However, no studies
have investigated in vivo osteogenesis of OMCSs in a large
animal model.

This study aimed to investigate whether OMCSs
could promote in vivo osteogenesis in a sheep model.
The sheep is a frequently used model for orthopedic
research for several reasons: The bone size is large
enough to allow complex orthopedic procedures to be
performed and for medical devices and biomaterials to
be tested; the lifespan of the animal is short enough for
age-related studies in diseases such as osteoarthritis
and osteoporosis to be performed; and bone remodeling
in sheep is comparable to that in humans™***,

MATERIALS AND METHODS

BMSC preparation

BMSCs were obtained from the humeral head of a 2-year-
old male Corriedale sheep (40.0 kg body weight; Japan
Lamb, Hiroshima, Japan) by bone marrow aspiration
under general anesthesia with intravenous atipamezole
(20 pg/kg 1V, ZENOAQ), Fukushima, Japan) and induction
with intravenous ketamine (2 mg/kg IV, Daiichi Sankyo
Propharma, Tokyo. Japan). The aspirated cells were
collected in two 75-cm? culture flasks (Falcon; BD
Biosciences, Franklin Lakes, NJ, United States) containing
15 mL of regular medium comprising minimal essential
medium (Nacalai Tesque, Kyoto, Japan) supplemented
with 15% fetal bovine serum (Gibco Life Technologies,
Carlsbad, CA, United States) and antibiotics (100 U/mL
penicillin and 100 pg/mL streptomycin; Nacalai Tesque).
Cells were cultured in a humidified atmosphere of 95% air
and 5% carbon dioxide at 37 °C. After reaching confluence
(at approximately day 14), the primary cultured cells were
released from the culture substratum using trypsin-EDTA
(Nacalai Tesque).

OMCS preparation and cell culture
To create OMCSs, the cells released from the primary
culture were seeded at 2 x 10° cells/cm? in culture dishes
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Figure 1 Macroscopic appearance of a sheep osteogenic matrix cell sheet (A), the cell sheet was easily detached from the culture surface using a scraper (B
and C). Macroscopic appearance of B-tricalcium phosphate (TCP) wrapped with a bone marrow cell sheet.

for subculture in regular medium containing 10 nmol/L
dexamethasone (Dex, Sigma, St. Louis, MO, United
States) and 0.28 mmol/L I-ascorbic acid phosphate
magnesium salt n-hydrate (AscP, Wako Pure Chemical
Industrials, Kyoto, Japan) until they reached confluence
(at approximately day 14). After two rinses with PBS
(Gibco), the cell sheet was lifted using a scraper. The
cell sheet was easily detached from the culture dish by
gentle scraping in PBS, starting from the periphery of the
sheet (Figure 1A). As positive and negative controls for
osteoblastic differentiation, respectively, released cells
were also seeded at the same cell density and cultured
in osteoinductive medium (containing 10 nmol/L Dex,
0.28 mmol/L AscP, and 10 mmol/L B-glycerophosphate)
or in regular medium (without Dex, AscP or B-glycero-
phosphate) until they reached confluence.

In vitro study

Alkaline phosphatase activity measurement: Alkaline
phosphatase (ALP) activity was measured in cells cultured
in 12-well plates (Falcon), as reported previously'?. For
each condition, six wells were evaluated. ALP activity is
represented as the amount of p-nitrophenol released after
30 min of incubation at 37 C. The measurements were
repeated twice.

Osteocalcin measurement: The Osteocalcin (OC)
content of the culture medium was measured by an ELISA
developed in a previous study!*®.. Briefly, conditioned
medium was collected at day 12 and an aliquot (100
puL) of 1:10 diluted medium was analyzed. The OC
measurements evaluated four wells for each group, and
the measurements were repeated twice.

In vivo study

Construction of tricalcium phosphate scaffold wra-
pped with a OMCS: Sterilized porous beta tricalcium
phosphate (TCP) ceramics (Superpore; discs: 5 mm
in diameter and 2 mm thick; 60% porosity) were
purchased from Pentax (Tokyo, Japan). Constructs with
OMCSs were prepared by wrapping the OMCS around
the TCP immediately previous to transplantation (Figure
1B and C).
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Construct implantation in the subcutaneous layer
of athymic rats and the cell donor sheep: TCP
constructs were implanted into the subcutaneous layer
on the backs of athymic 7-wk-old male F344/NJ1cl-rnu/
rnu rats (CLEA Japan Inc., Tokyo, Japan) as described
previously”**!. Additionally, constructs were implanted
subcutaneously into the abdomen of the cell donor sheep
under the general anesthesia conditions described above.
We also prepared control groups in which TCP discs were
implanted subcutaneously into athymic rats and at a
different site in the sheep. For each group, six constructs
were implanted into one recipient rat to produce the
subcutaneous implantation model, and all constructs
were implanted into the cell donor sheep. After 4 wk, the
implanted constructs were harvested and bone formation
was histologically evaluated. The harvested discs
were fixed in buffered formalin (Wako Pure Chemical
Industries). Each disc was embedded in paraffin after
decalcification, cut through the middle of the disk, and
then stained with hematoxylin and eosin for histological
evaluation.

Animal care and use statement

The care and handling of the rats and the sheep used in
this study was approved by the animal care committee
of our institute and met the standards of the National
Institutes of Health.

Statistical analysis

The ALP activity values and OC levels are presented
as mean and SD. One-way analysis of variance with
post-hoc multiple comparisons using Tukey’s test was
conducted to determine statistical significance. Values
of P < 0.05 were considered statistically significant.

RESULTS

In vitro study

In the in vitro study, the mean ALP activity was 0.39 + 0.03
mg/well in the negative control group, 0.67 + 0.04 mg/
well in the sheet group, and 0.65 £ 0.07 mg/well in the
positive control group (Figure 2). The mean OC levels were
1.46 £ 0.33 ng/well in the negative control group, 3.92 +
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Figure 2 Alkaline phosphatase activity (A) and osteocalcin levels (B) in the culture medium of the bone marrow cell sheet, positive control and negative
control groups in the in vitro study. “The alkaline phosphatase (ALP) activity and osteocalcin (OC) levels in the cell sheet and positive control groups were
significantly higher than those in the negative control group.

Figure 3 Hematoxylin and eosin-stained sections at 4 wk after implantation into the subcutaneous layer of athymic rats. A low-magnification image of a
B-tricalcium phosphate (TCP) disc without the cell sheet shows poor bone formation (A and B). Conversely, a high level of bone formation is visible in and around TCP
wrapped with an osteogenic matrix cell sheet cultured in minimum essential medium containing ascorbic acid and dexamethasone (C and D). Asterisks indicate bone

tissue.

0.16 ng/well in the sheet group, and 4.4 £ 0.47 ng/well
in the positive control group, respectively. The ALP activity
and OC levels were significantly higher in the cell sheet
and positive control groups than in the negative control
group (P < 0.05). There was no significant difference in
ALP activity or OC levels between the cell sheet group and
the positive control group (P > 0.05).
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In vivo study

Figures 3 and 4 show representative histological se-
ctions of constructs subcutaneously implanted at 4 wk
into athymic rats and the cell donor sheep, respectively.
The low-magnification images show higher levels of
bone formation in the TCP-cell sheet construct sections
than in sections of TCP discs without the cell sheet, in

October 18, 2017 | Volume 8 | Issue 10 |
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Figure 4 Hematoxylin and eosin-stained sections at 4 wk after implantation into the subcutaneous layer of the donor sheep. A low-magnification image of a
B-tricalcium phosphate (TCP) disc without the cell sheet shows poor bone formation (A and B) whereas relatively high level of bone formation is visible in and around
TCP wrapped with an osteogenic matrix cell sheet cultured in minimum essential medium containing ascorbic acid and dexamethasone (C and D). Asterisks indicate

bone tissue.

the subcutaneous layer of both athymic rats and sheep.

DISCUSSION

Our study demonstrates that we can successfully use
large animal models to derive and culture OMCS, and
that TCP constructs wrapped with sheep OMCSs lead
to bone formation after implantation. This is important,
as sheep bone healing is more comparable to that of
humans than rodents used in previous models.

Even though BMSCs alone have osteogenic potential,
their implantation as a cell suspensions leads to an
uneven distribution and weak adhesion of cells to the
bone surface, potentially leading to cell defluvium from
the target site™™.. In contrast, cell sheets bear intact
cell-cell junctions and an extracellular matrix, which
provide mechanical support to the cell and thereby
maintain the viability of the cells at the transplanted
site!’®, Furthermore, prior culture with medium that
includes agents that potentiate bone formation, such
as Dex and AscP, allows for already pre-determined
cells to be implanted™”, which have a better chance of
laying down additional matrix and integrating with the
transplant site than cells that are still actively engaged
in proliferation.

BMSCs including osteoblasts and osteoprogenitor cells
are bone-forming cells that express various osteoblastic
markers such as OC, and exhibit ALP activity™®*%,
ALP is considered a relevant biochemical marker in
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osteoblast differentiation. The activity and correct
localization of ALP are necessary for bone development
and differentiation®®", OC is considered a late marker
of osteogenic differentiation and its expression at high
levels indicates maturation and terminal differentiation
of osteoblasts®®, Others have suggested that Dex may
inhibit OC expression through direct binding of the Dex-
activated glucocorticoid receptor to negative glucocorticoid
response elements in the OC promoter’”®l, However, we
observed enhanced OC expression in OMCSs compared
with the negative control group'®. The effect of Dex
is dependent on its concentration and on the stage of
cellular differentiation. The Dex concentration used in
this study (10 nmol/L) is considered an appropriate
concentration for the differentiation of BMSCs committed
to the osteogenic lineage. The ALP activity and OC levels
observed in the OMCS suggest that the osteogenic
differentiation ability of the BMSCs was enhanced by
AscP and Dex.

OMCSs can be easily detached from the plastic
dish and transplanted subcutaneously with or without
a scaffold, and has osteogenic potential to form new
bone tissue. The TCP scaffold also has osteoinductive
properties in bone; however, minimal osteogenesis was
observed inside the TCP without the cell sheet in ath-
ymic rats, presumably because of the small number of
osteoprogenitor cells available for integration into the
disc in the subcutaneous layer. Conversely, substantial
amounts of new bone was found inside the TCP that had
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been wrapped with an OMCS. We suggest that these
transplanted sheep cells from the OMCSs migrated into
the TCP disc, proliferated, differentiated into osteoblasts,
and mineralized, and thus induced bone formation.

Results similar to those for athymic rats were obtained
for implantation in the cell donor sheep. We have
previously investigated cell sheets derived from rodent
bone marrow and reported their efficacy for osteogenesis,
angiogenesis and reconstructive surgery®®®****), We found
that severe fracture and nonunion could be united by the
implantation of OMCSs"™** and that OMCSs can enhance
early bone tunnel healing in a tendon graft model™®.
Furthermore, we show that a vascularized tissue-
engineered bone scaffold composed of OMCSs wrapped
around vascular bundles within a TCP mediates abundant
vascularization and osteogenesis'*, Although these
studies reported that OMCS transplantation is useful for
bone reconstruction, large animal studies are required to
further support the potential of OMSC transplantation for
clinical application. Guo et a*® created cell sheets using
canine cells, and showed that cell sheets exhibited normal
activity and a preserved extracellular matrix and muilti-
layer cell structure, and displayed osteogenic induction.
They used AscP (vitamin C) to create cell sheets from
bone marrow mesenchymal stem cells, whereas we used
a combination of AscP and Dex to create our cell sheets.
Culturing cell in the medium containing AscP and Dex
can stimulate osteogenic differentiation and complete
cell sheet formation; therefore, using induction medium
containing AscP and Dex may be more suitable for
creating cell sheets for application in bone reconstruction
surgeryt'’”),

We chose a sheep model because sheep have bone
properties similar to those of humans, with similar bone
turnover and remodeling activities'”**!, Furthermore, their
size allows for the simultaneous implantation of many
TCP constructs®®**, and the subcutaneous implantation
approach used in this study permitted the implantation
of multiple TCP constructs in one sheep. Thus, the results
of these in vivo studies suggest that human OMCSs can
induce high levels of osteogenesis in TCP.

There were a few limitations in our study. First, we
only used 2-mm-thick TCP. In future studies, we aim to
use thicker TCP discs to assess their osteogenic ability
when transplanted with OMCSs. Second, the experimental
period in the present study was relatively short. Therefore,
a longer follow-up study is required to investigate whether
the implanted TCP remains in the sheep or is broken down
and resorbed by the newly formed tissue. Third, we did
not confirm whether the bone that formed in the TCP
construct was derived from host cells or donor cells. Finally,
we need to verify osteoinductive and osteoconductive
ability of human OMCSs. Concemning these points, further
study will be necessary.

COMMENTS

Background

Osteogenic matrix cell sheets (OMCSs) created from bone marrow mesenchymal
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stromal/stem cells (BMSCs) can be used to aid fracture nonunion, delayed bone
union, or bone defects in rodent models. However, there has been no report as
to whether OMCSs can also successfully induce bone formation in a large animal
model. Here, the authors investigated whether OMCSs could promote in vivo
osteogenesis in a sheep model.

Research frontiers

OMCSs are easily created from BMSCs and can be transplanted without the
requirement for a scaffold. OMCSs have a high osteogenic potential, because
the cells are supported by a rich extracellular matrix and various growth factors
required for bone formation. As such, OMCSs are thought to be an ideal graft
material for bone regenerative medicine.

Innovations and breakthroughs

Over the past decade, the utility of OMCSs for bone reconstruction has
been verified in rat models of bone repair. However, rat bone does not
contain Haversian canals, and thus the mode of remodeling differs to that of
humans. In the current study, the authors used a sheep model to explore the
osteoconductive and osteoinductive potential of sheep-drived OMCSs as sheep
bone formation and repair is similar to that of human bone.

Applications

The authors suggest that OMCSs in combination with bone prostheses could be
manipulated to intricately shape bony defects, and will be particularly relevant in
areas where the osteogenic potential for regeneration is poor, such as in older
patients or patients with bone disorders.

Terminology

TCP: Tricalcium phosphate is a calcium salt of phosphoric acid with the
chemical formula Cas(POs)2. TCP is grafted into the bone defect, but
has lowered osteogenic potential; BMSCs: Bone marrow mesenchymal
stromal/stem cells. BMSCs can be induced to differentiate into osteogenic,
chondrogenic, adipogenic or other cell lineages with the appropriate media
conditions. Furthermore, BMSCs secrete various growth factors, such as bone
morphogenetic protein, basic fibroblast growth factor, transforming growth
factor, vascular endothelial growth factor, as well as matrix proteins, including
osteocalcin, and alkaline phosphatase. These cells are routinely used as a cell
source for musculoskeletal tissue engineering purposes; OMCSs: Osteogenic
Matrix Cell Sheets are BMSCs cultured with dexamethasone and ascorbic acid
phosphate. The cells undergo differentiation and matrix production, producing
a cell sheet structure that can be collected as a single cell sheet. These sheets
offer in vitro osteogenic potential and in vivo bone formation with/without the aid
of an additional scaffold.

Peer-review

The manuscript is an interesting biotechnological application of bone marrow-
derived cell sheets to induce subcutaneous osteogenesis in a rat and a
sheep model. The manuscript is of interest in its field and has novelty since it
explores the use of these cell sheets in a large animal model, the sheep, which
outcomes are fairly more comparable to humans than the usual rodent models.
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Abstract

AIM

To investigate a comprehensive range of factors that
contribute to long-term patient satisfaction post-total
joint replacement (TJR) in people who had undergone
knee or hip replacement for osteoarthritis.

METHODS

Participants (/7 = 1151) were recruited from Nottinghamshire
post-total hip or knee replacement. Questionnaire assessment
included medication use, the pain-DETECT questionnaire
(PDQ) to assess neuropathic pain-like symptoms (NP) and
TIR satisfaction measured on average 4.8 years post-TIR.
Individual factors were tested for an association with post-TJR
satisfaction, before incorporating all factors into a full model.
Data reduction was carried out using LASSO and receiver
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operator characteristic (ROC) curve analysis was used to
quantify the contribution of variables to post-TJR satisfaction.

RESULTS

After data reduction, the best fitting model for post-TJR
satisfaction included various measures of pain, history
of revision surgery, smoking, pre-surgical X-ray severity,
WOMAC function scores and various comorbidities.
ROC analysis of this model gave AUC = 0.83 (95%CI:
0.80-0.85). PDQ scores were found to capture much of
the variation in post-TJR satisfaction outcomes: AUC =
0.79 (0.75-0.82). Pre-surgical radiographic severity was
associated with higher post-TJR satisfaction: ORsatistied =
2.06 (95%CI: 1.15-3.69), P = 0.015.

CONCLUSION

These results highlight the importance of pre-surgical
radiographic severity, post-TJR function, analgesic medi-
cation use and NP in terms of post-TJR satisfaction. The
PDQ appears to be a useful tool in capturing factors that
contribute to post-TIR satisfaction.

Key words: Osteoarthritis; Patient satisfaction; Total joint
arthroplasty; Neuropathic pain; Surgery outcomes

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The growing number of total joint replacement
(TIR) surgeries performed worldwide every year means that
research in this area has the potential to impact millions of
people. These results highlight the importance of a number
of factors with regards to post-TJR satisfaction. The pain-
DETECT questionnaire for neuropathic pain-like symptoms
(NP) appears to be a useful tool in capturing factors that
contribute to post-TIR satisfaction. Individuals with NP pre-
or post-TJR could be indicated using this short questionnaire
and referred for further testing and treatment to improve
outcomes at every stage of their osteoarthritis treatment
process.

Warner SC, Richardson H, Jenkins W, Kurien T, Doherty M, Valdes
AM. Neuropathic pain-like symptoms and pre-surgery radiographic
severity contribute to patient satisfaction 4.8 years post-total joint
replacement. World J Orthop 2017; 8(10): 761-769 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i10/761.htm DOI:
http://dx.doi.org/10.5312/wjo.v8.i110.761

INTRODUCTION

A total joint replacement (TJR) is the only treatment
for clinically severe osteoarthritis (OA). A TIR should be
considered in individuals with marked symptoms of OA
which significantly limit activity and participation and
reduce quality of life if conservative treatments (e.g.,
exercise, weight loss if overweight, analgesic medication)
are insufficient™. In the United Kingdom alone 160000
TIR are performed every year”. Generally very good
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outcomes are reported post-TIJR™ but pain can remain
a concern for some individuals. According to one study,
27% of people who had undergone total hip replacement
(THR) and 44% of people who had undergone a total
knee replacement (TKR) had joint pain 3-4 years after
surgery™. This pain can be inflammatory, nociceptive or
neuropathic in nature™.

Patient satisfaction post-TJR has been the subject of
some studies®*” which have focused only on pain and
function post-TJR™, Pre-operative radiographic severity,
co-occurrence of painful conditions, a history of revision
surgery, other comorbidities, and pain catastrophizing
have also been linked to post-TJR outcomes in the
literature but not all in the same cohort”"*™%,

Neuropathic pain-like symptoms (NP) are caused by
changes or damage to the nervous system, which can
result from chronic nociceptive input (as seen in chronic
pain states) and nerve damage during surgery™***”), NP
has been reported in people with OA and post-TIR™*®,
However, to our knowledge, currently no studies have
investigated the role of NP on patient satisfaction post-
TIR.

As TIR is currently the only long-term treatment
for OA, if its effectiveness can be improved with better
understanding of the individual differences in post-
operative outcomes, this must be addressed. Due to the
high number of TIR carried out in the United Kingdom
and worldwide, research in this area has the potential to
impact many individuals.

The aim of the present study was to investigate a
comprehensive range of factors that contribute to long-
term patient satisfaction post-TJR in people who had
undergone knee or hip replacement for OA.

MATERIALS AND METHODS

Participants

The North Nottinghamshire Research Ethics Committee
approved the study protocol (REC number: 07/Q2501/
22). Participants who had undergone a TIR for OA were
recruited from secondary care in Nottinghamshire (n =
1151) and gave written, informed consent. All participants
had symptomatic and radiographic OA prior to TIJR
surgery. Between 2008 and 2011, nurse-administered
questionnaires were completed by participants (n = 1219)
on average 18 mo after surgery. These questionnaires
included information on demographic variables, pain
scores, TIR satisfaction and medication use. A subsequent
follow-up postal questionnaire was sent to those who
consented to further involvement in the study. This que-
stionnaire was very similar in design to the baseline
questionnaire. There was an average of 3.3 years between
the first and second questionnaires. When the baseline
and follow-up responses of participants who completed
both questionnaires were compared there were no
significant differences in age (P < 0.38), sex (P < 0.89),
BMI (P < 0.07) or WOMAC pain scores (P < 0.51). There
was not a significant difference in satisfaction levels (P =
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4484 patients registered in an orthopaedic clinics
for any indication were contacted by post

1699 declined to participate
or did not respond to mailing

L —

‘2785 responded to mailing agreeing to participate ‘

‘

632 not OA

‘ 1935 contacted by phone ‘

471 failed recruitment criteria
(RA, Paget, AVN, AS, PsA) or
changed their mind

1682 OA patients underwent a nurse
administered clinical visit including
completion of a standardized questionnaire

463 in waiting list for a TIR
or less than 4 mo post TIR

1151 post TIR patients nurse
assessment at baseline

l

813 replied to follow-up postal
questionnaire on catastrophizing,
medication use and illness behaviour

Figure 1 Flow-chart of participant recruitment for the current study.

0.22). Individuals had not been not phenotyped for pain
pre-surgery but pre-operative radiographic severity grade
has been linked previously to TIR outcomes™?. The study
design is presented in Figure 1.

Statistical analysis

Statistical review of this study was performed by a
biomedical statistician. The statistics package R (version
3.0.2) was used to run logistic regression analyses to
measure associations between TJR satisfaction and
potential risk factors.

To select the risk factors contributing to post-TJR
satisfaction, the least absolute shrinkage and selection
operator method (LASSO) was used. LASSO is a fea-
ture selection method which, given a set of input
measurements and an outcome measurement (in this
case post-TJR satisfaction), fits a linear model™, We
employed a LASSO-regularised regression model as
implemented by the R package “glmnet™” (http://cran.
r-project.org/web/packages/glmnet/index.html) using
a logistic link function and the fitted LASSO coefficients
derived were used.

Receiver operating characteristic (ROC) analysis
was used to quantify the contribution of variables in the
above models. The discrimination ability of the models
was examined using the “PredictABEL” package for R
(http://cran.r-project.org/web/packages/PredictABEL/
index.html).
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Trait definitions for statistical analysis

Neuropathic pain-like symptoms at the operated
joints (knees or hips): The PDQ is a validated
instrument for assessing NP. Scores range from 0-35,
with > 12 indicating possible NP and = 19 indicating
likely NP™Y,

Pain severity: A visual analogue scale (VAS) was used
to categorise individuals with high or low pain intensity
at the operated joint (knee or hip). Scores range from
0-10, with = 6 used to categorise high pain intensity.

TIR satisfaction: Individuals were asked to state how
satisfied they felt with their TIR using an ordinal scale
of “very satisfied”, “not very satisfied” and “dissatisfied”.
For logistic regression analysis, individuals were
dichotomised between: (1) “very satisfied”; and (2) “not
very satisfied” and “dissatisfied”.

Radiographic severity: The extent of joint damage
evident by X-rays was categorised by assessment of pre-
surgery knee and hip radiographs by a single observer.
For knees, the Kellgren-Lawrence (K/L) grading system
was used. Scores range from 0-4, with = 3 classified
as severe and 2 classified as not severe (K/L < 2 no
OA)*?. An association with minimum joint space width
(JSW) pre-surgery and pain post-surgery has been
reported in a separate cohort!*?, The minimum JSW was
therefore used to classify hip OA, with minimum JSW <
2.5 mm (which is a standard cut-off)® being classified
as radiographically severe. For bilateral surgery the joint
with the most severe radiographic score was used.

Pain catastrophizing: The 13-item Pain Catastrophizing
Scale (PCS) is a measure of the tendency to exaggerate
the threat of a perceived harmful stimulus®*, Scores
range from 0-52 and the highest tertile was used as a
cut-off point to classify individuals as high catastrophizers,
as previously described®..

WOMAC pain, stiffness and function: The OA-specific
Western Ontario and McMaster Universities Arthritis
Index (WOMAC) questionnaire includes questions about
pain (scored from 0-20), stiffness (scored from 0-8) and
function (scored from 0-76)*%. WOMAC function scores
were categorised according to an OMERACT-defined
PASS score of “acceptable function” (a score of < 22)
to allow a clinical guideline to be used in this study to
put the importance of post-TJR satisfaction into a clinical
context®”*¥,

Medication use

Questionnaire responses were used to classify parti-
cipants as taking over-the-counter analgesics (OTC),
opioids, non-steroidal anti-inflammatory drugs (NSAIDs)
or other prescription medications which can be used to
treat pain, as previously described®!,
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Table 1 Descriptive statistics categorised by total joint replacement satisfaction status and their contribution to the risk of dissatisfaction

post-total joint replacement

Trait Very satisfied  Not very satisfied  Dissatisfied  OR not very satisfied/
(n = 861) (n = 227) (n = 63) dissatisfied (95%Cl)"
Demographic and Age £ SD (yr) 73.2+8.6 73.0+8.38 722+9.1 1.00 (0.98-1.01)
morphometric % female 57.4 56.8 47.6 0.85 (0.65-1.12)
BMI £ SD (kg/m?) 29+52 29451 30.7+5.9 1.03 (1.00-1.06)*
Type of surgery THR (n = 494) 407 (82.4%) 74 (15.0%) 13 (2.6%) 0.58 (0.44-0.77)°
TKR (n = 591) 410 (69.4%) 136 (23.0%) 45 (7.6%) 2.02 (1.50-2.71)°
THR + TKR (1 = 66) 44 (66.7 %) 17 (25.8%) 5(7.6%) 1.63 (0.95-2.78)
Years since most recent surgery 4.26 3.96 458 0.99 (0.96-1.03)
Pre-operative X-ray ~ Radiographically severe OA 92.10% 93.40% 96.50% 0.49 (0.27-0.87)"
History of surgery Previous arthroscopic knee surgery” 20.00% 26.40% 34.90% 1.65 (1.21-2.25)°
Revision surgery 5.70% 9.30% 14.30% 2.36 (1.44-3.86)°
Psychological % depression 15.9 22.0 28.6 1.64 (1.17-2.30)°
PCS score (0-52) 8.2 12.8 19.7 1.06 (1.05-1.08)°
Top tertile of PCS® 20.80% 37.00% 55.60% 3.40 (2.52-4.59)°
Use of medication % opioid 21.7 39.5 413 2.37 (1.77-3.18)°
% OTC 49.0 64.5 61.9 1.33 (0.84-2.12)
% NSAIDs 7.8 12.3 3.2 1.83 (1.38-2.42)°
% other prescription analgesics 122 20.0 23.8 1.85 (1.29-2.66)°
Measures of pain PDQ score (0-35) 438 10.1 14.3 1.15 (1.13-1.18)°
Possible Neuropathic Pain (PDQ > 12) 10.00% 33.90% 57.10% 5.91 (4.22-8.29)°
Likely Neuropathic Pain (PDQ = 19) 6.50% 18.10% 34.90% 7.66 (4.80-12.22)°
VAS (0-10) 3.1 5.8 7.0 1.35 (1.29-1.41)°
HighVAS (> 5) 30.80% 61.20% 76.20% 6.47 (4.80-8.73)°
WOMAC pain (0-20) 52 8.5 10.9 1.28 (1.23-1.33)°
WOMAC stiffness (0-8) 2.9 41 44 1.62 (1.49-1.76)°
WOMAC function (0-76) 25.7 38.0 47.8 1.07 (1.06-1.08)°
Comorbidities % heart disease/angina 16.7 194 27.0 1.34 (0.95-1.89)
% stroke 5.1 9.3 12.7 2.09 (1.26-3.44)°
% hypertension 5248 50.2 57.1 0.95 (0.72-1.25)
% asthma/COPD 13.8 154 14.3 1.07 (0.73-1.57)
% irritable bowel syndrome 10.2 14.5 111 1.44 (0.96-2.17)
% diabetes 11.8 15.0 19.0 1.28 (0.86-1.90)
% gout 7.5 119 111 1.50 (0.95-2.37)
% osteoporosis 11.0 10.1 19.0 1.23 (0.80-1.88)
% cancer 159 19.8 17.5 1.29 (0.91-1.83)
% current smoker 6.5 11.0 14.3 1.93 (1.22-3.07)°

'All ORs are adjusted for age, sex and BMI; “Individuals in the top tertile of scores for the PCS questionnaire were classified as high catastrophizing; *This
classification includes any previous arthroscopic knee surgery. °P < 0.05, °P < 0.01, °P < 0.001. PCS: Pain Catastrophizing Scale; BMI: Body mass index.

Comorbidities

Comorbid conditions are commonly seen in people
with OA, and people with OA are more likely to develop
comorbid conditions such as cardiovascular disease and
diabetes™. A list of comorbidities was included in the
questionnaire. Participants were asked to indicate which
of these conditions they had been previously diagnosed
with by a doctor.

RESULTS

The descriptive characteristics, stratified by TIR satis-
faction status, are shown in Table 1. One fourth of study
participants (290) were dissatisfied or not very satisfied
with the outcome of their surgery. The study was thus
powered (80%, P < 0.05) to detect associations with
odds ratios of 1.75 or higher for binary traits with a
prevalence of 10% or higher in the satisfied group, such
as neuropathic pain (Table 1).

On univariate analysis, the majority of the variables
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tested were found to be significantly associated with
satisfaction post-TJR. This includes a higher BMI, various
measures of pain (such as PDQ scores, high pain
intensity and WOMAC pain scores), WOMAC function
scores and pain catastrophizing (Table 1). Additionally,
THR participants reported higher levels of being very
satisfied (82.4%) than TKR patients (69.4%) (Table 1).
Some factors were highly correlated with each other,
such as PDQ scores and high pain intensity, PDQ scores
and WOMAC pain scores and WOMAC pain scores and
high pain intensity (P < 0.001 for all).

Given the large number of factors associated, many
of them correlated with each other, we performed data
reduction, using LASSO to identify which factors remain
important contributors to post-TJR, post-THR and post-
TKR satisfaction. After data reduction, the factors
that remained in all three groups were: BMI, WOMAC
function scores, PDQ scores, high pain intensity, severe
pre-surgery radiographic OA and a past stroke. The full
results of these analyses are shown in Table 2. Some
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Table 2 The best fitting and pain-DETECT questionnaire models showing the contribution of factors to post-total joint replacement,

post-total hip replacement and post-total knee replacement satisfaction

Full/best fitting model

pain-DETECT questionnaire scores

Total joint replacement
satisfaction

2.207 + (-0.013-PCS) + (0.189-sex) + (-0.398- TKR) + (0.016-BMI) + (-0.027-WOMAC
function) + (-0.042-WOMALC stiffness) + (-0.012-past knee surgery) + (-0.056-PDQ) +

2796 + (-0.142.PDQ) + (-0.015-age)
+(0.382-sex) + (0.004-BMI)

(-0.483-highVAS) + (-0.380-revision surgery) + (0.352-severe pre-surgical radiographic
OA) + (-0.066-OTC) + (-0.113-opioid) + (-0.010-current smoker) + (-0.218-stroke) + (0.051-
hypertension) + (0.062-IBS) + (-0.055-gout) + (-0.123-depression)

Total hip replacement
satisfaction

2.985 + (0.014-years since surgery) + (-0.018-age) + (0.036-BMI) + (-0.036-WOMAC
function) + (0.599-past knee surgery) + (-0.018-PDQ) + (-0.725-high VAS) + (-0.723-

4788 + (-0.121.PDQ) + (-0.038-age)
+(0.036-sex) + (0.008-BMI)

revision surgery) + (0.779-severe pre-surgical radiographic OA) + (-0.248-OTC) + (-0.119
-opioid) + (-0.429-other medications for pain relief) + (-0.442-current smoker) + (-0.014-
stroke) + (-0.514-depression) + (-0.022-cancer)
Total knee replacement 2.425 + (-0.018-PCS) + (0.190-sex) + (0.00045-BMI) + (-0.015-WOMAC function) + (-0.130 1.072 + (-0.146-PDQ) + (0.003-age)

satisfaction

-WOMALC stiffness) + (-0.076-PDQ) + (-0.313-high VAS) + (0.009-severe pre-surgical

+ (0.467-sex) + (0.011.BMI)

radiographic OA) + (-0.143-stroke) + (0.072-hypertension) + (0.334-1BS) + (-0.120-gout)

differences were observed in the factors that contribute
to satisfaction post-THR and post-TKR, most notably a
history of a revision surgery for THR and the WOMAC
stiffness score for TKR. In both cases PDQ and VAS
scores contribute significantly after adjustment for all
other factors.

Higher pre-operative radiographic severity was
also significantly associated with increased odds of TIR
satisfaction: ORsatisied = 2.06 (1.15-3.69), P = 0.015.

It was investigated whether patient satisfaction was
related to measures of healthcare usage, specifically the
use of analgesic medication. Strong associations were
found between dissatisfaction and an increased likelihood
of the use of some prescription analgesics (opioids and
other prescription medications which can be used to
treat pain) and OTC analgesics, but not prescription
NSAIDs (Table 1). After adjustment for possible NP, high
pain catastrophizing and high pain intensity (VAS) these
associations become non-significant except in the case of
opioids and OTC analgesics [ORdissatisfied = 1.68 (1.21-2.34),
P = 0002, ORudissatisfied = 1.44 (106'197), P = 0020,
respectively].

Post-TJR satisfaction is strongly associated with a
measure of acceptable function post-TJR, according to
OMERACT-defined PASS scores in the literature™”®,
This definition of acceptable function, according to a
clinical guideline, was a very strong contributor to post-
TIR satisfaction in this study after adjusting for age, sex
and BMI: ORsatisied = 9.88 (95%CI: 6.58-14.85), P <
0.001. This association remained significant after further
adjustment for possible NP, high pain catastrophizing
and high pain intensity: ORsatisiea = 4.82 (95%CI:
3.08-7.55), P < 0.001.

With regards to comorbidities, a history of stroke
was associated with an increased risk of dissatisfaction
post-TJR, as was being a current smoker (vs ex-
smokers and people who have never smoked); P < 0.01
for both, see Table 1.

It was quantified how much these models contribute
to satisfaction. The results of ROC analysis of the best-
fitting model for each surgery group are shown in
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Table 2 and Figure 2. The results show that the list of
identified factors explains an AUC of 0.83 of patient
satisfaction for post-TJR, 0.84 for post-THR and 0.83
for post-TKR. This, however, includes a large number
of factors and it was investigated whether one of the
factors may capture the effects of most of the other
factors.

Possible NP, classified using PDQ scores, was seen
in 17.3% of participants in this study. However, in the
dissatisfied group the prevalence of possible NP was 3.8
times higher than in the very satisfied group ORpossne =
5.91 (4.22-8.29), P < 0.001 and the prevalence of likely
NP was 5.4 times higher: ORikwv = 7.66 (4.80-12.22),
P < 0.001 (see Table 1). Possible NP was less common
in THR than TKR participants (11.9% and 22.3%,
respectively) (Table 1). Likely NP has been reported
previously to be present only in a small proportion of
individuals post-TIR™ using as a definition a PDQ > 19.
However strong differences exist in satisfaction at various
lower cut-offs which explains why pain-DETECT scores
capture such a large proportion of patient satisfaction in
these data (Figure 3).

Given this strong effect we hypothesised that PDQ
scores, being strongly correlated with pre-surgery X-ray
scores (Spearman’s rho = -0.13, P < 0.001) and as-
sociated with post-TJR pain intensity [ORnighpainintensity =
1.35 (1.30-1.40), P < 0.001], may capture much of the
variation in post-TJR satisfaction outcomes, and indeed
we find that this is the case. According to ROC analysis
of PDQ scores (adjusted for age, sex and BMI), there is
a significant contribution to post-TJR, post-THR and post-
TKR satisfaction when this model is used (Table 2 and
Figure 2). AUC values of 0.75 and over were reached in
all three groups, even without the inclusion of any of the
other available measures.

DISCUSSION

This study incorporated a comprehensive range of
factors and shows that a number of factors including
pain, comorbidities, smoking, history of revision surgery
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Figure 2 Receiver operator characteristic curves adjusted for age, sex and body mass index to show the amount of post-surgery satisfaction predicted by
preoperative radiographic severity, pain-DETECT questionnaire scores and the best fit model. A: Post-TJR (THR and TKR combined); B: Post-TKR; C: Post-
THR. TJR: Total joint replacement; THR: Total hip replacement; TKR: Total knee replacement.

and pre-surgical radiographic severity contribute to
post-TJR satisfaction 4.8 years after surgery. Scores
measuring the presence of NP appear to capture a large
proportion of the variation seen.

Patient satisfaction is an outcome measure which
is simple to use and accounts for the complex aspects
of TIRP?, It has been recommended that patient
satisfaction should be incorporated into assessments of
post-TJR outcomes™. Our results suggest that although
post-TJR satisfaction is influenced by a large number of
factors, it is well summarised by one single instrument,
namely PDQ scores.

The proportion of possible NP identified in this study
falls within the range reported by previous studies on NP
post-TIR (reviewed in™") particularly when differences
in methodology and sample composition are taken
into consideration™'>*>”), At first sight the importance
of NP post-TJR detailed here appears to contrast with
the report by Wylde et al*! who suggested that NP is a
minor component of post-TIR pain.

The current data indicate that people who undergo
TJR with only modest radiographic structural damage
are more likely to report NP post-surgery. Although
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this might suggest that the NP was also present pre-
surgery, we lack the pre-operative pain assessments
necessary to confirm if that is the case. In addition, pain
may derive from other sources, such as bone marrow
lesions, that are not evident on radiographs and may
still be present post-surgery™. Central nervous system
involvement in OA, such as seen in NP, seems likely
when the inconsistent correlation between pain and
radiographic severity and the non-linear relationship
between nociception and pain experienced are
considered™” supporting the findings in this study.

In this study we fitted prediction models for patient
dissatisfaction using all the contributing risk factors
selected by LASSO. These models are fairly complicated
in terms of the number of variables and therefore may
not be applicable in clinical practice. However, we also
show that PDQ scores have almost as much predictive
value as the best fitting models. Therefore, in terms of
clinical application our data suggest that assessing NP
symptoms using the PDQ will help identify patients at
highest risk of surgery dissatisfaction.

One key limitation to this study is the lack of pre-
surgical pain data. However, Phillips et a/®” found
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Figure 3 Proportion of post-total joint replacement patients reporting to
be dissatisfied, not very satisfied or very satisfied depending on their
pain-DETECT score.

that it was not possible to reliably predict post-TKR
outcomes from pre-operative pain intensity and PDQ
scores™, whereas Dualé et al™® have reported a higher
risk of NP post-surgery if peripheral NP is present pre-
surgery. Although the self-administered PDQ allows data
collection from a large number of individuals it does not
provide definitive evidence of NP*®. Nonetheless, one
study showed a correlation between PDQ scores and
periaqueductal grey matter activation (which is involved
in central sensitisation) in people with OA in areas of
referred pain in response to punctate stimulit*!l.

Although in this study we did not use the widely
accepted National Joint Registry agreed Patient Re-
ported Outcomes (PROMS) data*?!, 92% of the que-
stions in the Oxford hip and knee score (OXHS and
OXKS, respectively) questionnaires are accounted for by
the questionnaire used in this study, as was 83% of the
content in the EQ-5D questionnaire. The questionnaire
measured used in this study therefore reflects a large
majority of the material covered in the PROMS. On the
other hand we have examined other factors that are
not usually included as part of post TIR PROMS, such
as comorbidities, use of analgesic medication and pre-
surgery X-ray severity all of which contribute to patient
self-reported satisfaction in our data. To our knowledge
this is one of the few studies to date which has looked
at pain assessment integrated with comorbidities and
use of medication.

Some of the factors identified as contributing to
satisfaction could be addressed pre-surgery or considered
when assessing outcomes post-surgery. The presence of
comorbid conditions appears also to have a considerable
effect on patient satisfaction, and this information may
be use to manage patient expectations pre-surgery.

In conclusion, the PDQ appears to be particularly
useful in capturing factors that contribute to post-TJR
outcomes and may be considered as an important post-
surgical assessment. These results also highlight the
importance of understanding the mechanisms behind
NP symptoms post-TJR, as it is a significant factor
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contributing to post-TJR satisfaction and, importantly,
affects a considerable proportion of individuals post-TJR.
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Abstract

AIM

To assess use of demineralized bone matrix (DBM) use
in anterior cervical discectomy and fusion (ACDF) in
outpatient setting.

METHODS

One hundred and forty-five patients with prospectively
collected data undergoing single and two level ACDF with
DBM packed within and anterior to polyetheretherketone
(PEEK) cages. Two groups created, Group 1 (75) out-
patients and control Group 2 (70) hospital patients.
Prevertebral soft tissue swelling (PVSTS) was measured
anterior to C2 and C6 on plain lateral cervical radiographs
preoperatively and one week postoperatively and fusion
assessed at two years.

RESULTS

There was no intergroup significance between pre-
operative and postoperative visual analogue scales (VAS)
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and neck disability index (NDI) scores between Group 1
and 2. Mean preoperative PVSTS in Group 1 was 4.7 £
0.2 mm at C2 level and 11.1 £ 0.5 at C6 level compared
to Group 2 mean PVSTS of 4.5 £ 0.5 mm and 12.8 +
0.5, P = 0.172 and 0.127 respectively. There was no
radiographic or clinical evidence of adverse reaction
noted. In Group 1 mean postoperative PVSTS was 5.5
+ 0.4 mm at C2 and 14.9 = 0.6 mm at C6 compared
Group 2 mean PVSTS was 4.9 = 0.3 mm at C2 and 14.8
+ 0.5 mm at C6, P = 0.212 and 0.946 respectively. No
significant increase in prevertebral soft tissue space at C2
and C6 level demonstrated.

CONCLUSION

ACDF with adjunct DBM packed PEEK cages showed a
statistical significant intragroup improvement in VAS neck
pain scores and NDI scores (P = 0.001). There were no
reported serious patient complications; post-operative
radiographs demonstrated no significant difference in
prevertebral space. We conclude that ACDF with DBM-
packed PEEK cages can be safely done in an ASC with
satisfactory outcomes.

Key words: Ambulatory surgery center; Anterior cervical
discectomy and fusion; Demineralized bone matrix;
Less Exposure Surgery; Packed polyetheretherketone
cages

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This manuscript scientifically assesses pre-
vertebral swelling with the use of demineralized bone
matrix (DBM) anterior to cervical cage. The use of clinical
and radiographic outcomes demonstrates the safety
of DBM in the outpatient setting. There are no studies
showing safety or outcomes of DBM anterior to the cage
and directly exposed to the pre vertebral soft tissues
therefore we wanted to document this study.

Chin KR, Pencle FJR, Seale JA, Valdivia JM. Soft tissue swelling
incidence using demineralized bone matrix in the outpatient
setting. World J Orthop 2017; 8(10): 770-776 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i10/770.htm
DOI: http://dx.doi.org/10.5312/wjo.v8.110.770

INTRODUCTION

Instrumented anterior cervical discectomy and fusion
(ACDF) introduced in 1952 has remained the gold
standard in the treatment of cervical spondylosis.
Complications ranging from relatively minor and transient
dysphagia, hoarseness, post-operative neck pain and
wound infection to potentially catastrophic hematoma
and airway compromise, vertebral artery and neurologic
injury as well as esophageal perforation!” have
reduced over the years. This can be attributed to better
technology and less exposure surgery techniques.
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The outcome of ACDF is based on adequate de-
compression and osseous radiographic fusion®™*. Auto-
genous bone grafts have demonstrated high fusion
rates however; the immediate and long-term morbidity
associated with iliac crest harvest is well recognized®”".
The use of demineralized bone matrix (DBM) to aid
in fusion has been demonstrated to be safe and
effective®'”. A review conducted by Aghdashi et al*”’,
DBM has similar outcome to autogenous bone graft!'!l,
Studies also revealed good outcomes compared to
recombinant bone morphogenic proteins (rh-BMP)M*,
Rh-BMP has been shown to cause life threatening airway
edema and compromise!**?.,

Several studies over recent years have looked at
the feasibility of ACDF being done on an outpatient
basis with promising results and low complication
rates'>'®'®, Additionally, there are studies which have
found that it is clinically safe to use DBM during ACDF
within cages in a hospital setting™'"*?, A study by Suk
et al® demonstrated peak onset of prevertebral soft
tissue swelling (PVSTS) at 3 d post op. There were no
studies assessing prevertebral soft tissue swelling and
DBM in the outpatient setting found. The authors aim
to demonstrate the safety of DBM in the outpatient
setting.

MATERIALS AND METHODS

This was a non-randomized, single-center, prospective
study of a total of 145 patients. We reviewed the charts
retrospectively of 75 consecutive patients who single and
two-level instrumented ACDF in the ASC (Outpatient
ACDF), in which polyetheretherketone (PEEK) cages
(Arena-C®, SpineFrontier Inc. Malden, MA, United States)
with DBM (DBM pure®, SpineFrontier Inc., Malden, MA,
United States) packed within and anterior to the cage
and assigned them to Group 1. Fusion was reinforced
with an anterior cervical plate (Inset®, SpineFrontier Inc.
Malden, MA, United States). Our control group, Group 2
included 70 patients who had single and two levels ACDF
in the hospital setting (Inpatient ACDF), all implants
and DBM was from the same company and design. IRB
approval was granted for patients involved in study as
part of a cohort of patients who had anterior cervical
surgery.

Operations were performed by a single surgeon,
who was experienced in performing procedures in aca-
demic and private hospitals, prior to commencing in an
outpatient setting. Patients were only considered for
surgery after failed conservative management for at least
six weeks. Indications for surgery included but not limited
to patients with cervical degenerative disc degeneration
(DDD) and herniated nucleus pulposus. Decision on
type of surgery was based on severity of pathology.
Exclusion criteria for surgery included acute severe
trauma, fractures, malignancy, infection, unstable chronic
medical illnesses, prior anterior cervical fusions and BMI
> 427231 Al patients were assessed preoperatively
and narcotics were recommended to be discontinued
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Figure 1 Preoperative radiograph showing retropharyngeal/prevertebral
soft tissue at the level of C2 vertebral body and at the level of C6 vertebral
body.

in patients with chronic use®®". Patients with chronic
but stable medical conditions, including hypertension,
diabetes mellitus, asthma, hypercholesterolemia and
heart disease were medically cleared by their family
practitioner and/or cardiologist where applicable. All
preoperative radiographs were reviewed by the chief
surgeon, as well as two additional researchers, to rule out
pre-existing abnormal widening of the prevertebral soft
tissue space. This was standardized by ensuring that the
prevertebral soft tissue space (PVSTS) at the level of C2
was less than 50% of the C2 vertebral body and at the
level of C6 measurements were approximately less than
22 mm or the prevertebral measurement should not
be greater than the width of the vertebral body of C6%
(Figure 1). Post-operative radiographs were assessed at
one week, 3 mo and at the end of follow up. Prevertebral
soft tissue space (PVSTS) was compared between pre-op
and 1 wk post-op films?*%",

Surgical technique

Signed consent was obtained for the procedure and
under general anesthesia; patients were prepped and
draped under sterile conditions. Surgical exposure of the
desired vertebral level was achieved through a midline
anterior cervical incision. Following discectomy, the
posterior longitudinal ligament was retained in situ™
and the appropriately sized PEEK cage was inserted.
DBM was packed within and anterior to the cage prior
to an anterior cervical plate (ACP) being placed (Figure
2). The smallest sized ACP was placed, hemostasis
confirmed and a Penrose drain was placed in all patients
for wound drainage for 24 h to prevent postoperative
hematoma development at home.

Discharge and follow up

Outpatients were discharged within hours of completing
surgery after being deemed oriented and neurologically
intact by the anesthesiologist and operating surgeon*,
Outpatient postoperative instructions were discussed with
patients and caregivers with written copies provided. An
assigned member of the outpatient team was responsible
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for educating patients prior to consent on the risks
and benefits of outpatient ACDF, as well as potential
complications such as transient to persistent dysphagia,
postoperative hematoma, infection and soft tissue edema
with possible airway compromise. A team member called
patients postoperatively on the night of surgery as well as
the following morming to ensure a normal and comfortable
postoperative recovery period, as well as to identify
any evolving complications, which may require hospital
admission. In the event of a complication, a prearranged
agreement with a nearby local hospital was established
before surgery. Patient reported outcomes included visual
analogue scales (VAS) for neck pain, neck disability index
(NDI) score and Nurick grade for those with myelopathy.
Clinical outcomes were assessed based on the presence of
soft tissue swelling and airway compromise. Postoperative
potential DBM-related side effects were assessed clinically
in all patients by palpating for soft tissue edema or swelling
along the medial aspect of the sternocleidomastoid muscle.
Postoperative radiological assessment was conducted
with the use of anteroposterior (AP) and lateral plain
radiographs looking for soft tissue emphysema, airway
narrowing, tracheal deviation and PVSTS measurement in
the first week postoperatively®?’. Evidence of interbody
fusion was assessed by radiographs at the patient’s final
follow up. Follow up visits occurred within the first week,
one month, three months, six months, twelve months
and at final two year follow up. Additional postoperative
complications were also recorded.

Statistical analysis

Statistical analysis was performed using SPSS v22 (IBM
corporation, New York, United States). An independent
sample student T-test was used to compare groups
for continuous data and y* used for categorical data.
Continuous data comparisons were expressed as means
with standard error. Tests were considered significant if
P < 0.05.

RESULTS

Comparing group 1 (75 patients outpatient ACDF)
to group 2 (70 patients inpatient ACDF) no statistical
differences in age, BMI and gender were found between
groups, P = 0.591, 0.484 and 0.631 respectively.
Demographics and initial diagnosis are illustrated in
Table 1.

There was no significance between preoperative
VAS and NDI scores between Group 1 and 2, P = 0.75,
P = 0.289 respectively as shown in Table 2. After two
years follow up intragroup significant improvement was
demonstrated in both groups for VAS and NDI scores
demonstrated in Table 2. Statistical comparison of
postoperative outcomes between Group 1 and 2 shows
no statistical difference in VAS and NDI scores P = 0.62,
P = 0.34 respectively (Table 2). The surgical operative
time in Group 1 was 92 £+ 15 min as compared to Group
2 which was 140 £ 3 min. This difference of 48 min did
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Figure 2 Photograph showing demineralized bone matrix packed within cage after insertion into disc space and anterior cervical discectomy and fusion
plate.

Table 1 Cohort demographics with chief complaint

Variable ACDF + DBM outpatient ACDF + DBM inpatient P value
Sample size (1) 75 70

Age (yr) 53 +1.0 53.4+1.6 0.591
BMI (kg/m’) 27.9+0.8 254+1.0 0.484
Male E8) 34 0.631
Female 42 36

Diagnosis

Herniated disc 28 23

Degenerative disc disease 26 24

Spondylosis (chronic pain) 7 12

Myelopathy B 4

Radiculopathy 11 7

ACDEF: Anterior cervical discectomy and fusion; DBM: Demineralized bone matrix; BMI: Body mass index.

Table 2 Showing preoperative and postoperative visual analogue scales and neck disability index scores

Preoperative VAS  Postoperative VAS  Intragroup P value Preoperative NDI Postoperative NDI Intragroup P value

Group 1 74£02 40+0.2 0.001 469+1.9 26.1+1.2 0.001
Group 2 89+15 53+03 0.03 462+26 334+24 0.002
Intergroup P value 0.75 0.62 0.289 0.34

VAS: Visual analogue scales; NDI: Neck disability index.

achieve statistical significance, P = 0.001. Estimated by clinical and radiological (confirmed by report from
blood loss of 42 £ 6 mL in group 1 compared to 77 £ 9 independent radiologist) by the final follow up visit.
mL in Group 2 showed no intergroup significance, P = Three patients (4%) in Group 1 diagnosed with
0.131. myelopathy without radiculopathy had a preoperative
Preoperative dimensions of airway diameter were Nurick grade of 2, 1 and 1 respectively, which improved
all within normal limits'*”’. No intergroup significance ~ to 1 and O for the first two patients and remained
demonstrated (Table 3) preoperatively at C2 and C6, P unchanged for the third patient by the final follow up
= 0.172 and 0.127 respectively. None of our patients visit.
complained of difficulty breathing within the first 24 h During the study period from 2011-2014, no major
postoperatively. There was no radiographic®” or dlinical complications were reported in our series and there
evidence of adverse reaction in the patients who had were no unplanned postoperative admissions for pain,
ACDF to DBM (airway edema or neck swelling) within nausea or any other complaints, all complaints are

the first week postoperatively, Figure 3. Postoperative listed in Table 4. The main postoperative complaint
PVSTS dimension increased in both groups; however of postoperative dysphagia was defined as any dis-
this was not a significant intragroup increase or inter- comfort or difficulty with swallowing which was not
group difference as shown in Table 3. Additionally, all historically present prior to surgery™?. The severity was

our patients achieved solid bony fusion™! as evidenced assessed using the Bazaz-Yoo dysphagia severity scale
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Table 3 Showing preoperative and postoperative prevertebral soft tissue swelling at C2 and Cé vertebrae

C2 preop PVSTS (mm) C2 postop PVSTS (mm) C2 intragroup P value Cé preop PVSTS (mm) Cé postop PVSTS (mm) Cé intragroup P value

Group 1 47+02 55+04 0.08
Group 2 45+05 49+03 0.107
Intergroup 0.172 0.212

P value

11.1+05 149+ 0.6 0.285
128 £0.5 148 £0.5 0.873
0.127 0.946

PVSTS: Prevertebral soft tissue swelling.

Table 4 Demonstrating complications after surgery in each|

group

Complication Outpatient Inpatient
Dysphagia 4 5
Visited ER (not admitted) 3 0
Pain not relieved by TTH medications 2 0
Dressing completely soaked 1 0
Intractable pain 0 1

TTH: To take home.

of mild, moderate and severe, over the initial 3 mo
postoperative period™*.

DISCUSSION

The authors aimed to demonstrate the safety of the
use of DBM within and anterior to an ACDF PEEK cage
in the outpatient setting. This study shows significant
improvement in postoperative outcomes in both groups;
however no intergroup significance was noted. Analysis
of postoperative PVSTS demonstrated no clinical or
statistically significant intragroup increase as well as no
significant difference between groups.

The literature has copious studies endorsing ACDF
as the gold standard treatment for failed conservative
management of numerous cervical pathologies®",
More recently, patients and spine surgeons are turning
their attention toward the potential benefits of ACDF
in an ambulatory surgery center, based on promising
results of preliminary reportst>'**’>%, While the feasibility
and safety of outpatient ACDF has been established for
up to three cervical levels®, there is a lack of consensus
regarding the safety of DBM in the anterior cervical
spine as an adjunct to fusion. Studies have looked at the
effectiveness, safety of its use in a hospital setting™****!
as well as normal prevertebral soft tissue swelling post
ACDF™: however, the paucity of data on the clinical
outcomes of DBM use during ACDF in an ASC, prompted
the authors to report the results of a single-center local
experience.

In this series there were no adverse graft related
complications noted. There was no clinical or radiologic
evidence of edema one week post-operative and
therefore no further evaluation for this finding performed
beyond this point. The creation of DBM involves a process
of allograft bone acid extraction™” which exposes type
I collagen, growth factors and BMPs. Although lacking
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Figure 3 Plain lateral radiograph of the cervical spine, taken one week
postoperatively, which shows the normal dimensions of the prevertebral
space being less than 50% of the vertebral body at C2 and less than the
body width of C6 respectively.

in structural integrity, DBM contains osteoconductive
agents, which render it a viable alternative biologic
agent for bony fusion. This study has demonstrated the
effective use of DBM within and anterior to PEEK cages
therefore, the authors conclude that the exposed BMPs
within DBM is not significant in concentration to cause a
clinical or radiographic response.

The adherence to our local, standardized outpatient
criterial® !, comprehensive patient education and
postoperative protocol were instrumental in providing
self-assurance to both patients and the surgeon when
proceeding with this operation****!, Included in all
preoperative counseling and consent sessions, were
the potential risks for postoperative dysphagia, airway
irritation and soft tissue swelling. Additional comfort
was added by calling our patients the night of, and the
morning after surgery in order to act in a timely manner
should any complications occur, requiring immediate
admission to hospital, which is always within 30 min of
the patients’ location.

As the literature expands on the safety and effec-
tiveness of anterior cervical fusions in ambulatory surgery
centers, this paper reinforces the conclusion that it is
safe, with excellent patient satisfaction. The authors do
acknowledge the limitations of this study: Its retrospective
nature and the lack of CT scan to assess post-op soft
tissue swelling. However, despite these limitations, we are
confident that adherence to our strict patient selection
criteria, preoperative education, consistent operating
team, and systematic postoperative protocol can safely
produce excellent outcomes. Our findings show that the
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use of DBM within and anterior to cervical PEEK cages in
the outpatient setting is safe with similar outcomes in the
inpatient setting.

ACDF with adjunct DBM packed PEEK cages showed
a statistical significant intragroup improvement in VAS
neck pain scores and NDI scores. There were no reported
serious patient complications; post-operative radiographs
demonstrated no statistically significant difference in
prevertebral space. We conclude that ACDF with DBM-
packed PEEK cages can be safely done in an ASC with
satisfactory outcomes.

COMMENTS

Background

Demineralized bone matrix (DBM) has been demonstrated to be safe in the
hospital setting; however concerns may be heightened with use anterior to the
cage in the outpatient setting. The authors hypothesize that clinical outcomes
and safety should be similar or improved in the outpatient setting.

Research frontiers

Outpatient spine surgery continues to evolve with the introduction of minimally
invasive and less exposure surgery. This study adds to the body of knowledge
for outpatient surgery.

Innovations and breakthroughs

Based on literature no other study has assessed clinically DBM being placed
anterior to the cage as well as within the cages looking specifically at soft tissue
swelling.

Applications
This study demonstrates the safety of DBM being used anterior to polye-
theretherketone interbody cage with no additional complications.

Terminology
Standard terminology used throughout text.

Peer-review
Itis a well written paper.
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Abstract

AIM

To collect data from joint replacement in inhibitor patients,
evaluate haemostatic and patient outcomes, and analyse
the costs.

METHODS
We report our 21-year, single-centre cumulative expe-
rience of 15 joint arthroplasties in six inhibitor patients.

RESULTS

Two low responder inhibitor patients were in the early
days treated with FVIII, whereas bypassing agents were
used in the rest of the high responder patients. The
primary haemostatic outcome was good in 8/15, fair in
4/15 and poor in 3/15 operations. The overall patient
outcome, including joint health and patient satisfaction,
was good in 10/15, fair 4/15 and poor in 1/15. No de-
ep infections were observed. Cost analysis was most
beneficial in low responders and in two immune-tolerized,
high responder patients. In all cases, factor replacement
comprised the main treatment costs.

CONCLUSION

Our experience supports the initial use of bypassing
agents as well as preoperative immune-tolerance induction
when possible. Despite the challenges of haemostasis
and severe joint disease, total joint arthroplasty can reach
a good outcome, even in inhibitor patients. The risk for
deep infection might be smaller than previously reported.
Individual planning, intense multidisciplinary teamwork
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and execution of operations should be centralised in a
professional unit.

Key words: Haemophilia; Joint replacement; Inhibitor;
Cost analysis; Arthroplasty

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are only few reports including joint art-
hroplasties on inhibitor-positive haemophilia patients.
Generally the focus is mainly on immediate haemostatic
outcome leaving the long-term orthopaedic results
unreported. Our study brings out the importance of long-
term and overall outcome when performing elective
life-quality surgery. Management of inhibitor patients is
especially challenging regarding not only the operative
treatment but also the costs. As the health economic
analysis of the topic is lacking, we provide new data.
According to our cost analysis, preoperative immune-
tolerance induction for high responder patients will bring
cost- and outcome benefit both in surgery and preventing
postoperative bleeds.

Danielson H, Lassila R, Ylinen P, Yrjonen T. Total joint replacement
in inhibitor-positive haemophilia: Long-term outcome analysis in
fifteen patients. World J Orthop 2017; 8(10): 777-784 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v8/i10/777 htm
DOI: http://dx.doi.org/10.5312/wjo.v8.i110.777

INTRODUCTION

Total joint arthroplasty covered with coagulation factor
replacement therapy is the treatment of choice in
severe haemophilic arthropathy when conservative
treatment has failed. The failure to stabilize the joint
disease is usually due to the late initiation of secondary
prophylaxis with replacement therapy. Patients may
develop inhibitors to their factor replacement therapy
due to the foreign protein and have thus often missed
the prophylactic replacement therapy and surgical
treatment because of the fear of bleeds and the high
costs of the treatment. In the literature, the inhibitor
prevalence is around 10% among the adult patient
population, mainly affected by the earlier treatment
and availability of immune-tolerance induction (ITI)
therapy! .

The appropriate replacement therapy depends
on the patient’s individualized response, which is not
always similar - nor predictable - at each haemostatic
challenge or management strategy. The introduction of
bypassing agents has enabled total joint replacements
also for high responder inhibitor patients™. However,
the use of these products is costly.

The reports on joint arthroplasties in inhibitor patients
are mainly case-based, and established standards of the
management of these operations are scanty®”. At Orton
Orthopaedic Hospital of Invalid Foundation, centralised
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operative treatment of haemophilic joint disease
has been carried out already since the 1970s. The
haematological and laboratory support has been available
by Red Cross Transfusion Central from 1957, and from
2002 also by the Helsinki University Hospital Coagulation
Disorders unit. The first total hip replacement (THR)
for a haemophilia patient in Finland was performed in
1982, and the first knee replacement (TKR) in 1984.
The first TKR on a patient with recognized inhibitors was
performed in 1991. We report our cumulative experience
of 21 years of 15 joint arthroplasties in six haemophilia
inhibitor patients.

MATERIALS AND METHODS

From 1991 to 2012, six haemophilia patients with
inhibitors (two low; inhibitor titre < or equal to 5 BU/mL)
and four high responders; inhibitor titre > 5 IU/mL)
were operated on (Tables 1 and 2). The 15 surgical
procedures consisted of seven primary TKRs (in two
patients, bilateral), one unicondylar knee arthroplasty,
one glenohumeral replacement, two ankle arthroplasties,
one THR and three knee revision arthroplasties.

Two patients were low responders (inhibitor titre < 5
BU/mL). Four patients who had a history of high inhibitor
titre (> 5 BU/mL) were classified as high responders, but
the titre immediately prior to surgery was < 5 BU/mL.
Two high-titre inhibitor patients underwent successful ITI
as a part of the ObsITI protocol at a later stage (from
2010 onwards) of the follow-up. Five patients (83%) had
a history of hepatitis C. One patient also was antibody-
positive for hepatitis B. None of the patients was HIV
positive.

To manage surgery during the early 1990s, the
historical peak inhibitor titre, whether low or high (<
or > 5 BU/mL), dictated the strategy. Traditionally,
immediately preoperatively in the absence of FVIII
inhibitory antibodies (i.e., confirmed normal recovery and
half-life of FVIII), either recombinant or plasma-derived
FVIII is infused intravenously to secure haemostasis by
reaching normal FVIII levels (usually 80%-100%). In
contrast, the presence of inhibitors neutralise FVIII, and
for the surgery FVIII bypassing agents, either activated
prothrombin complex concentrate (aPCC, FeibaR) or
recombinant activated Factor VII (rFVIIa, NovoSeven),
are the current effective options to maintain surgical
haemostasis of blood. The specific agent is chosen
according to the individual bleeding phenotype, history
and patient weight. Initially, either cryoprecipate or
a plasma-derived FVIII (pdFVIII) was used in all low
responders and initially in high responders having a
preoperative low inhibitor titre, with the objective to
switch to a bypassing agent once the inhibitor titre
inclined. Low responders (Patients A and B) were initially
treated with their standard replacement therapy:
Cryoprecipitate (AHF-20®, n = 1/8) or coagulation factor
VIII (pdFVIII, Amofil®, n = 7/8). For the high responder
patients (C-F), the treatment was either activated
prothrombin complex concentrate (aPCC, FEIBA®) or
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Table 1 Main surgical operations in patients (A and B) with the low historical inhibitor titre (< 5 BU/mL)

Patient and operations (model) Haemophilia therapy Primary haemostatic outcome Surgical outcome
A
TKR (cruciate retaining) Cryo (AHF-20) — pdFVIII Good Good
TKR (cruciate retaining) pdFVIII Good Good
Ankle arthroplasty pdfVIII Good Good
Ankle arthroplasty pdEVIII Good Good
Knee revision arthroplasty (reconstructive) rFVIII Fair Good
Knee revision arthroplasty (reconstructive) rFVIII Good Good
B
Knee hemiarthroplasty (unicondylar) pdEVIII Good Poor
Revision arthroplasty (cruciate retaining) pdFVIII — rFVIla Fair Good

In A, six operations and in B, two operations were performed. TKR: Total knee replacement; pdFVIII: Plasma-derived factor VIII; rFVIII: Recombinant
FVIIL

Table 2 Main surgical operations in the patients (C-F) with the high historical inhibitor titre

Patient and operations (model) Replacement therapy Primary haemostatic outcome Surgical outcome ROM/pain
€
TKR bilateral (hinge + posterior stabilised) pdFVIII — aPCC Poor Fair
THR (uncemented) rEVIII Good Good
D
TKR bilateral (reconstructive) aPCC— rFVIla Fair Fair
E
TKR (posterior stabilized) aPCC — rFVIla Poor Good
F
Glenohumeral hemiarthroplasty rEVIII Good Good

ROM: Range of motion; TKR: Total knee replacement; THR: Total hip replacement; aPCC: Activated prothrombinase complex concentrate.

recombinant activated factor VIIa (rFVIIa, NovoSeven®). was considered significant.
In one case, the treatment was started with pdFVIII, but
changed to aPCC when the inhibitor titre arose.

The routine blood coagulation tests were monitored RESULTS
daily during the FVIII replacement period to capture FVIII: Low responders (A and B). Two low inhibitor titre
C dlotting activity or during bypassing therapy to capture patients underwent several operations, the details of
the possible development of disseminated intravascular which are captured in Table 1.

coagulation (DIC), anaemia or thrombocytopenia. In Patient A, TKR was carried out under cryoprecipitate
Cefuroxime was used as standard antibiotic prophylaxis (or coverage. At three days, the treatment had to be changed
clindamycin, in case of allergy). to pdFVIII when the FVIII: C response started to dedline.
After TKR, continuous passive motion (CPM) treatment The haemostatic outcome was good.
was started at the 2™-7" postoperative day. After THR, Three years later, a second primary TKR with pdFVIII
immediate full body weight bearing was allowed, if the replacement therapy was performed. The inhibitor
blood and haemostatic status supported the decision. titre remained low, and the haemostatic and surgical
After ankle arthroplasties, half-weight bearing with walker outcomes were good. Two years later, the patient
orthosis was recommended for 6-8 wk. After glenohumeral experienced recurrent knee bleeds at the recent TKR

arthroplasty, the upper arm was immobilized in an arm site. Three arthroscopical synovectomies were performed
sling for 4 wk and only passive mobilization for 6 wk was under pdFVIII replacement, while any vascular anomaly
allowed. was excluded by popliteal angiography'®®. After each

Primary haemostatic outcome was considered good synovectomy, the bleeding tendency decreased tem-
if the postoperative bleeding did not differ from the porarily for a few months. Finally, the bleeds ceased with
normal arthroplasty, fair if there were additional bleeds Holmium isotope radiosynoviorthesis. Additionally, two

and poor if there were massive or repetitive additional total ankle arthroplasties were performed successfully

bleeds that were difficult to manage. under pdFVIII coverage with good haemostatic and
The statistical analysis was carried out using the primary outcomes.

SPSS 20.0, Lead Technologies, Inc. statistical software Later, the patient underwent revision knee arthro-

system. For analysis, a paired-samples T-test was used. plasties due to aseptic loosening of the components.

In this study, a P-value < 0.05 (two-sided probability) Both arthroplasties were performed using rFVIIL. After
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Figure 1 Unicondylar knee replacement and revision arthroplasty.

the first operation, the patient experienced a knee
bleed at 8 d while on continuous replacement therapy,
which was treated with higher dosing of rFVIII. There
was a temporary rise in the FVIII antibody, but the final
outcome was good. The second knee operation resulted
in good haemostatic and overall outcome.

Patient B had experienced only occasional spontaneous
bleeding episodes. Before the primary operation, he was
devoid of inhibitor history. He suffered from posttraumatic
medial knee arthrosis, and unicondylar knee replacement
was performed with a good haemostatic outcome
using pdFVIII. However, the patient needed revision
arthroplasty 9 mo after the primary operation. Next, the
replacement therapy was started with pdFVIII, and at 12
d postoperatively, the inhibitor titre raised the replacement
therapy was switched to rFVIIa with good haemostatic
outcome (Figure 1).

In conclusion, the two low responder inhibitor patients
were managed successfully with FVIII concentrate,
while the inhibitor titre remained low. Individually and
according to the type of surgery, the FVIII was switched
to bypassing agents when the inhibitor titre rose. One
postoperative bleed in association with 8 operations
occurred without long-term consequences.

High-responders, patients C-F
The surgical details of Patients C-F are presented in Table
2. In Patient C with bilateral primary knee arthroplasty,
the preoperative inhibitor titre was < 5 BU/mL, and the
operation was carried out without complications using
pdFVIII. At five days when the inhibitor titre rose, however,
the patient experienced bilateral knee bleeds and aPCC
was started. The dose (up to 200-250 U/kg) had to be
increased for several days due to a fair haemostatic
response. DIC or deep venous thrombosis did not
develop. After 5.5 years, the patient underwent a
successful ITI therapy with rFVIII, and a primary THR
could be performed with rFVIII 6 mo later with good
haemostatic and surgical outcome. The recovery and
half-life of rFVIII were appropriate, and the inhibitor did
not reoccur throughout the early and later follow-up.
Patient D had bilateral TKR with aPCC as replacement
therapy. At 8 d the patient experienced a severe knee
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bleed, which ceased with rFVIIa [two doses of 5 mg
(90 pg/kg iv) at 2 h interval]. Next, aPCC was re-
administered (at 200 IU/kg) but the patient bled with
regard to the operated knee twice, at days 11 and 14.
After the third bleed, the replacement therapy was
carried out with rFVIIa for four days and thereafter with
sequential aPCC and rFVIIa for two weeks.

Patient E underwent TKR with aPCC as replacement
therapy pre- and perioperatively. At two days, he
suddenly bled a lot (800 mL/30 min) with regard to
his operated knee. A bolus of 12 mg of rFVIIa (220
ug/kg) stopped the bleed immediately. The replacement
therapy was continued with rFVIIa (6 mg every 2 h) for
several days, and the haemostatic outcome was finally
optimal.

Patient F had a history of high inhibitor titre and
successful ITI with rFVIII one year preoperatively. He
underwent glenohumeral hemiarthroplasty with good
haemostatic outcome and without an increase of the
inhibitor titre during the follow-up.

Overall, in 5 operations out of 12, the patients ex-
perienced major bleeds at 2-8 d postoperatively. Albeit
this initial haemostatic response was either fair or even
poor in two patients, the joint outcome was good. One
patient had bilateral knee operation initially managed
with pdFVIII, during which there was the reactivation of
the inhibitor and both-sided bleeds occurred. He had the
poor haemostatic response. However, the complication
was controlled by switching the therapy to bypassing
agents. A single bypassing therapy did not necessarily
manage to control haemostasis, but the switch between
aPCC and rFVIIa or their sequential use finally secured
the haemostatic outcome.

Primary arthroplasties

The mean follow-up for patients with primary TKR (eight
arthroplasties) was 7.3 years (0.3-20.3, SD 7.6). The
median age of the patients at the time of the operation
was 48.4 years (35.4-66.1, SD 10.9). The median hospital
stay was 19.6 d (10-25, SD 6.1). The range of motion
(ROM) improved from mean 81.9° flexion to 96.9° (SD
17.1 and 11.9, P = 0.07) and from mean 21.3° extension
deficiency to 7.5° (SD 12.7 and 8.4, P = 0.09). One high
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responder patient (Patient D) with severe knee flexion
contracture with bilateral knee arthroplasty had a patellar
fracture. It was observed at the two-month control and
treated conservatively with orthosis. No deep infections
were observed.

The two ankle arthroplasties were performed without
complications to the same low responder Patient A. The
patient had severe haemophilic arthropathy without
significant deformation or bone loss in both ankles,
and the preoperative walking distance had diminished
below 500 m. Preoperative ROM in both ankles was
from neutral position to 20° plantar flexion and primary
outcome was from 5° dorsiflexion to 30° of plantar
flexion, respectively. In 6.1 and 7.0 years follow-up 0°-20°
ROM in plantar flexion of both ankles was observed.
The patient could stand on his toes, walking ability was
improved to 2 km and both ankles were pain-free.
Radiologically, the components were in good position
without signs of loosening or other complications.

The total hip arthroplasty for the high responder
Patient C with a preoperative successful ITI was per-
formed with an excellent haemostatic and primary
outcome. At the 2-mo follow-up, the patient had a pain-
free joint and ROM 0°-90° extension-flexion, 20° rotation
and 40° abduction. The radiographic control showed a
good position of the prosthesis.

The high responder Patient F with glenohumeral
hemiarthroplasty had also undergone recent preoperative
ITI. The patient had a painful haemophilic arthropathy
with restricted ROM (abduction 45°, flexion 60° and
outer rotation -10°), severe prolonged pain problems
and an addiction to opiates. The surgery succeeded well
under rFVIII coverage. The pain significantly diminished,
and at the 7-mo follow-up, ROM substantially improved
(abduction 80°/110° using scapulae, flexion 90°/130°
using scapulae and outer rotation 45°) with pain-free
peripheral movements. The X-rays showed a good
position of the prosthesis.

Revision arthroplasties

Two revision knee arthroplasties using reconstructive
prostheses for Patient A were performed at 17.7 and
15.7 years after primary operations because of loosening
of the components. The hospital stay was 16 and 11 d,
and CPM treatment was started three and five days after
the operation, respectively. The postoperative mobility
was 0°-100° and 0°-110° at 2.1 years and 1.8 years
follow-up. After the first operation there was an initial
bleed, but the joint outcome was good. The second
operation and primary rehabilitation were successful
with both good haemostatic and primary outcome. Five
months postoperatively, a bacterial prepatellar bursitis
was treated with peroral antibiotics. No deep infection
was detected and the patient recovered well.

The third knee revision arthroplasty was performed
at 9 mo after a primary operation for Patient B because
of loosening of the components. The patient had suffered
from posttraumatic medial knee arthrosis, and the
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joint problem was considered primarily posttraumatic
rather than haemophilic arthropathy. For these reasons,
unicondylar knee replacement was performed. The
loosening was thought to result from mechanical factors,
but the compromised haemostasis by haemophilia
may also play a role. Neither bacteria nor the signs of
infection were detected. In spite of the fair haemostatic
outcome, the joint outcome was good with 0°-110°
ROM and freedom from pain at the 3.5-year follow-up.
Radiologically, the components were in good position,
and the walking ability had improved from 100 m to over
one kilometre.

Cost analysis

Since 2005 in Orton Orthopaedic Hospital, 11 major
orthopaedic procedures (13 arthroplasties) on inhibitor
patients were performed (Table 3). Among the high
responder patients when aPCC and/or rFVIla were
needed, the total costs varied between 350900-500400
Euros. In these cases, the replacement therapy covered
the great majority, i.e., 87%-94%, of the total costs,
even though two of the three operations were bilateral.
Of the two low responders and in two cases among high
responder patients after ITI, the replacement therapy
costs were lower, being 59%-81% of the total costs.
The total costs of these operations were also clearly
lower compared to the high responders with an active
inhibitor: About 1/5 - 1/3, i.e., 47200-103200 Euros, in
the low responders and about 1/10, i.e., 43300-49800
Euros, in the two high responders having undergone
ITI.

High responder patients with postoperative inhibitor
formation had also a longer hospital stay (15-24 d)
compared with the low responder patients (8-18 d)
or the high responders with preoperative ITI (8-9 d).
However, two of the three operations in high responder
patients were also bilateral.

DISCUSSION

According to the guidelines of World Federation of
Haemophilia™®, joint replacement surgery for haemo-
philia patients requires multidisciplinary teamwork.
Despite the demanding surgery, good results among
haemophilia patients with inhibitors have been previously
reported”” '], However, there are only a few reports
induding joint arthroplasties on inhibitor patientst’~'**2*¢11
with scant follow-up data. As this is a rare patient group,
randomised controlled trials are not - and are not likely -
to become available.

In our report, the primary haemostatic outcome was
good in half of the patients and poor in 20% of the high
responder patients, and improved only with switching
between the bypassing agents. However, the primary
surgical outcome turned out fairly well, even in those
patients who initially had a poor haemostatic outcome.
Along prolonged rehabilitation, postoperative bleeding
complications increase costs and reduce the patient’s
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Table 3 Cost analysis of arthroplasties on inhibitor patients since 2005

Resp Operation Component TOT eur HT? eur HT (%)* Product® Hospital stay(d)

Low Knee revision arthroplasty ~ Unilateral Reconstructive 103200 75700 73 Kogenate Bayer 18

Low Knee revision arthroplasty ~ Unilateral Reconstructive 95400 66900 70 Kogenate Bayer 11

Low Ankle arthroplasty Unilateral Primary ankle 47200 35600 75 Kogenate Bayer 10

Low Ankle arthroplasty Unilateral Primary ankle 60200 48800 81 Kogenate Bayer 12

Low Knee hemiarthroplasty Unilateral Unicondylar 51500 41600 81 Amofil 9

Low Knee revision arthroplasty ~ Unilateral Cruciate retaining 50200 36300 72 Amofil 8

High Knee arthroplasty Bilateral Ps’ + hinge 350900 305500 87 Amofil 24

FEIBA

High Hip arthroplasty Unilateral ~ Primary uncemented 43300 27800 64 ReFacto AF! 8

High Knee arthroplasty Bilateral Reconstructive 500400 445100 89 FEIBA 24
NovoSeven

High Knee arthroplasty Unilateral ps' 409900 386100 94 FEIBA 15
NovoSeven

High Glenohumeral arthroplasty ~Unilateral ~Primary glenohumeral 49800 29300 59 ReFacto AF! 9

1Successful preoperative ITL; "HT haemophilia therapy (costs of replacement therapy); *Procentual costs of replacement therapy; ‘Ps posterior stabilized;
Resp: Inhibitor responder (low = historical inhibitor titre <5 BU/mL, high = historical inhibitor titre > 6 BU/mL).

quality of life by increasing pain and disability. Every effort
should focus on the avoidance of postoperative bleeds.
Point of care monitoring with thromboelastography
or a calibrated automated thrombogram may help in
treatment decisions as the therapy unexpectedly may
fail®, The therapy should be started preferentially
with the bypassing agents, and the team should work
intimately together with bedside visits to secure the
haemostasis when the patient is to be mobilized.
According to our experience, the use of cold to reduce
swelling and pain may not be optimal, as cooling in the
knee may impair the early haemostatic response. Finally,
the tailored use of tranexamic acid, not only with rFVIIa
but also with aPCC, may tum beneficial >,

Radiosynovectomy has been shown to be an effective
treatment in chronic haemophilic synovitis, diminishing
pain and bleeding occurrence®?, One of our patients
had joint bleeds after TKR with only a temporary help
from arthroscopical synovectomies. Even angiography
was performed to exclude vascular anomalies, which
have been reported in the form of pseudoaneurysms
and their rupture after joint surgery or even natively™.
Radiosynoviorthesis with Holmium isotope finally
ended the bleeding episodes. The case is similar to
Papavasiliou’s report'?”? of successful radiosynovectomy
after TKR, although that patient was not reported to have
inhibitors. In our experience, radiosynoviorthesis seems
to be effective also for patients who have undergone joint
arthroplasty.

The risk of infection (early- and late-onset) is known to
be greater in haemophilia patients undergoing arthroplasty
compared with the non-haemophilia population®-*!, In
our report there was one prepatellar bursitis, but deep
infections were absent. However, the follow-up times were
partly short.

In one case, a unicondylar knee replacement was
performed to a patient devoid of previous inhibitor
history. The patient suffered from posttraumatic medial
arthrosis and the primary hemostatic outcome was good.
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However, a rapid revision (9 mo postoperatively) was
performed because of aseptic loosening of components.
The loosening was thought to result from mechanical
factors, but the compromised haemostasis by haemo-
philia may also play a role. In our experience, we do not
recommend unicondylar arthroplasty to a patient with
haemophilia.

Surgery for patients with inhibitors is expensive and
highly demanding. In our report, in 3/8 primary TKRs,
revision-type (constrained or reconstructive) prostheses
were used because of severe bone defects and soft
tissue degeneration. According to our cost analysis, the
operation itself including the components, surveillance,
medication and hospital stay was less significant,
whereas the major cost comprised of the haemostatic
replacement therapy. This was especially evident among
the high responder patients and when bypassing agents
were needed, thus constituting ca. 90% of total costs.
Instead, in high responder cases that had undergone
preoperative ITI, the cost of replacement therapy was
similar to the low responder patients’ cases and those
of regular haemophilia management. The hospital stay
was prolonged for the high responder patients, albeit two
of the three operations were bilateral arthroplasties. In
our opinion, preoperative ITI for high responder patients
will bring cost and outcome benefits, both in surgery
and the prevention of postoperative bleeds®?!, The
disadvantages of ITI are its partial success rates and time
constraints, under conditions where there is an urgent
need for surgery.

When determining the optimal timing for arthro-
plasty one must consider the grade of arthrosis, the
patient’s age, the supposed survival of the chosen
prosthesis, as well as the risk of complications. Also,
working ability, the status of other joints, osteoporosis
and the estimated overall prognosis are to be taken into
account. For optimal prognosis, the operation should
be performed before permanent joint contractures.
From the haematological point of view, the patient
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characteristics, plan for replacement therapy for surgery
and rehabilitation must be meticulously evaluated
preoperatively. An appropriate rehabilitation program
prior to and after surgery takes into account other
joints and their functionality during recovery in order
not to induce other joint problems. In the surgery of
haemophilia patients, especially with inhibitors, the
comprehensive medical team has to observe the patient
for early haemostatic symptoms and signs. Therefore,
it is essential that these operations are centralized in a
professional unit with the availability of skilled surgeons
and haematologists having access to the bypassing
agents and optimal laboratory tools.

COMMENTS

Background

Total joint arthroplasty covered with coagulation factor replacement is the
treatment of choice in severe haemophilic arthropathy. Inhibitor patients are
especially challenging regarding not only the operation and haemostasis
management but also the costs since the treatment can be very expensive. The
aim was to collect data from joint replacement in inhibitor patients, evaluate
haemostatic and patient outcomes, and analyse the costs.

Research frontiers

Despite the demanding surgery, good results among haemophilia patients with
inhibitors have been previously reported. However, there are only a few reports
including joint arthroplasties on inhibitor patients with scant follow-up data.

Innovations and breakthroughs

In this report, the primary haemostatic outcome was good in half of the
patients and poor in 20% of the high responder patients, and improved only
with switching between the bypassing agents. However, the primary surgical
outcome turned out fairly well, even in those patients who initially had a poor
haemostatic outcome. In the authors’ opinion, preoperative immune-tolerance
induction (ITl) for high responder patients will bring cost and outcome benefits,
both in surgery and the prevention of postoperative bleeds. Also, in the authors’
experience, radiosynoviorthesis seems to be effective also for patients who
have undergone joint arthroplasty.

Applications

In the authors’ opinion, preoperative ITI for high responder patients will bring
cost and outcome benefits, both in surgery and the prevention of postoperative
bleeds. Also, in the authors' experience, radiosynoviorthesis seems to be
effective also for patients who have undergone joint arthroplasty. Surgery
of haemophilia patients should be centralized in a professional unit with the
availability of skilled surgeons and haematologists having access to the
bypassing agents and optimal laboratory tools.

Terminology
ITI: With ITI therapy, factor concentrate is given regularly over a period of time
until the body is trained to recognize the treatment product without reacting to it.
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Abstract

AIM

To demonstrate the effectiveness of a digital radiographic
altering technique in concealing treatment allocation
to blind outcome assessment of distal femur fracture
fixation.

METHODS

Digital postoperative anteroposterior and lateral radio-
graphs from a sample of 33 randomly-selected patients
with extra-articular distal femur fractures treated by
surgical fixation at a Level 1 trauma center were included.
Using commercially available digital altering software, we
devised a technique to blind the radiographs by overlaying
black boxes over the implant hardware while preserving
an exposed fracture site for assessment of fracture he-
aling. Three fellowship-trained surgeons evaluated a
set of blinded radiographs twice and a control set of
unblinded radiographs once. Each set of radiographs were
reviewed independently and in a randomly-assigned order.
The degrees of agreement and disagreement among
evaluators in identifying implant type while reviewing both
blinded and unblinded radiographs were assessed using
the Bang Blinding Index and James Blinding Index. The
degree of agreement in fracture union was assessed using
kappa statistics.
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RESULTS

The assessment of blinded radiographs with both the
Bang Blinding Index (BBI) and James Blinding Index
(JBI) demonstrated a low degree of evaluator success at
identifying implant type (Mean BBI, far cortical locking:
-0.03, SD: 0.04; Mean BBI, standard screw: 0, SD: 0;
JBI: 0.98, SD: 0), suggesting near perfect blinding. The
assessment of unblinded radiographs with both blinding
indices demonstrated a high degree of evaluator success
at identifying implant type (Mean BBI, far cortical locking:
0.89, SD: 0.19; Mean BBI, standard screw: 0.87, SD: 0.04;
JBI: 0.26, SD: 0.12), as expected. There was moderate
agreement with regard to assessment of fracture union
among the evaluators in both the blinded (Kappa: 0.38,
95%CI: 0.25-0.52) and unblinded (Kappa: 0.35, 95%CI:
0.25-0.45) arms of the study. There was no statistically
significant difference in fracture union agreement between
the blinded and unblinded groups.

CONCLUSION

The digital blinding technique successfully masked the
surgeons to the type of implant used for surgical treat-
ment of distal femur fractures but did not interfere with
the surgeons’ ability to reliably evaluate radiographic
healing at the fracture site.

Key words: Methods; Randomized controlled trials; Patient
outcome assessment; Fracture healing; Femoral fractures

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

to withstand early joint motion and rehabilitation.
However, emerging evidence suggests that the rigidity
of these constructs may cause complications such
as delayed union, nonunion, implant failure, late loss
of alignment, and subsequent need for an additional
surgical procedure!*”, In response to the increasing
clinical concern that plates with standard locking screws
are too stiff, “far cortical locking” (FCL) screw technology
has been introduced to permit controlled micro-motion
within a locked construct, which in theory leads to earlier
and more predictable healing’®®. While initial reports in
animal studies and small retrospective clinical series have
examined the efficacy of FCL screw technology in treating
femur fractures, with more uniform callus formation®?,
prospective clinical trials comparing standard locking
and FCL technologies are necessary to guide treatment
recommendations.

The comparison of standard locking screws vs FCL
screws is currently being conducted in a multi-center
randomized control trial (RCT). One of the challenges of
surgical RCT’s is blinding to reduce bias, since surgeons
cannot be blinded to treatment allocation. However,
blinding independent outcome assessors can be and
effective way to reduce bias™”. The purpose of this
study is to demonstrate the effectiveness of a digital
blinding protocol to conceal treatment allocation and
permit blinded assessment of radiographic healing of
distal femur fractures treated with standard locking
screws and FCL screws.

Core tip: The purpose of this study was to demonstrate
the effectiveness of a digital blinding protocol to conceal
treatment allocation and permit blinded assessment of
radiographic healing of various distal femur fractures.
Digital postoperative radiographs from a randomly-selected
sample were blinded using digital altering software and
evaluated by three fellowship-trained surgeons. This study
demonstrates the success with which an uncomplicated
and reproducible technique can blind radiographs of distal
femur fractures. The blinding protocol successfully masked
the surgeons to the type of fixation devices implanted but
did not interfere with reliable evaluation of radiographic
union.

Slobogean GP, Soswa L, Rotunno G, O’Brien PJ, Lefaivre KA.
Digital blinding of radiographs to mask allocation in a randomized
control trial. World J Orthop 2017; 8(10): 785-789 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i10/785.htm DOIL:

http://dx.doi.org/10.5312/wjo.v8.i110.785

INTRODUCTION

Locking plates with standard locking screws are currently
used as the gold standard of treatment to stabilize
displaced extra-articular distal femur fractures. These
plate and screw constructs provide excellent strength
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MATERIALS AND METHODS

Blinding

Digital postoperative anteroposterior and lateral radio-
graphs from a sample of 33 randomly-selected patients
with extra-articular distal femur fractures (OTA 33-A)
were included. All patients were treated with a pre-
contoured distal femur plate. Twelve subjects had been
treated with standard locking screws, while the other 21
had been managed with FCL screws. Radiographs from
the 6 wk, 12 wk, and 24 wk postoperative follow-up visits
were acquired for each patient. Week 6 images were
not always available, and when this was the case, week
2 postoperative images were substituted. All available
radiographs from each patient were of adequate quality
for use in the study.

Using commercially available digital altering software
(Acorn 1.5.5, Flying Meat, Inc., Everett, WA, United
States), we devised a technique to blind the radiographs
by overlaying black boxes over the hardware while
preserving an exposed fracture site for assessment
of healing. The radiographs of standard locking screw
constructs contained an average of 6 shaft screws, while
those of FCL screw constructs contained an average of
4. To deal with this discrepancy, we standardized each
radiograph by placing a minimum of 6 blinding boxes on
the shaft portion of the distal femur (Figure 1). A single
investigator (L.S.) digitally modified the entire series of
images. This investigator had minimal experience with
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Figure 1 Examples of radiographs before (top) and after (bottom) blinding.
Images were taken at 12- (left) and 24-wk (right) post-operation.

digital photo alteration and no previous experience with
the digital altering software.

Study design

Three attending physicians with fellowship training in
orthopaedic traumatology evaluated the images. All
of the evaluators had experience operating with both
types of locking screws and interpreting postoperative
radiographs. All were aware of, and one was directly
involved with, the development of the blinding protocol.

The 33 patients were each assigned a subject
number, and random number generating software was
used to order the radiographs corresponding to each
patient into two PowerPoint (Microsoft, Redmond, WA)
presentations, one with unblinded images and the other
with blinded images. Each PowerPoint slide contained
orthogonal views of four radiographs corresponding
to each patient. One set of anteroposterior and lateral
views from the time point of healing assessment-either
the 12-wk or 24-wk postoperative follow-up visit-and
another set of views from a previous time point was
used for comparison. Specifically, week 24 images were
paired with week 12 images, and week 12 images were
paired with week 6 images.

The blinded set of radiographs was assessed twice
and the unblinded control once. The evaluations were
performed independently and in a randomly-assigned
order. A minimum of 2 wk elapsed between evaluations.

For each PowerPoint slide (unblinded and blinded
radiographs), the surgeons assessed: (1) the type of

Baishidenge ~ WJO | www.wjgnet.com

Slobogean GP et a/. Blinding radiographs for RCT allocation

hardware used (standard locking screws, FCL screws,
or unsure); and (2) status of bony union (healed, not
healed, or unsure). Although radiographic fracture
healing is subjective and without a clear gold standard!,
in this study radiographic healing was defined as
evidence of minimum bridging of 2 cortices. For the
blinded images, the evaluators were also asked whether
or not the blinding interfered with his or her ability to
assess fracture healing (yes, no). If the blinding did
interfere, the evaluators were asked to specify which
area of the image was problematic (proximal, distal, or
both).

Statistical analysis

Statistical analysis was performed using Stata 10.0
(Stata Corp LP, College Station, TX) to calculate the Bang
Blinding Index!***! and the James Blinding Index™*.
The Bang Blinding Index is commonly used to measure
the degree of agreement between evaluators beyond
the degree expected by chance. Scores range from -1
to 1, with 1 representing a complete lack of blinding,
0 representing perfect blinding, and -1 representing
opposite guessing, which may be related to unblinding™?.
The James Blinding Index measures the degree of
disagreement between evaluators. Scores range from
0 to 1, with O representing a complete lack of blinding,
0.5 representing completely random blinding, and 1
representing perfect blinding™*”’.

The kappa statistic is related to the James Blinding
Index and was calculated to measure the degree of
fracture union agreement between evaluators. The
kappa statistic was interpreted using the methods of
Landis and Koch, commonly used for interpreting inter-
evaluator agreement for qualitative or categorical outcome
measures'®,

RESULTS

Evaluation of blinding

The assessment of blinded radiographs with both the
Bang Blinding Index and James Blinding Index demon-
strated a low degree of evaluator success at identifying
implant type, suggesting near perfect blinding (Table 1).
The mean Bang Blinding Index was 0 % 0 for the images
with standard locking screws and -0.03 + 0.04 for those
with FCL screws. The mean James Blinding Index was
0.98 £ 0.

The assessment of unblinded radiographs with both
indices demonstrated a high degree of evaluator success
at identifying implant type (Table 2), as expected. The
mean Bang Blinding Index was 0.92 + 0.87 for the
images with standard locking screws and 0.89 + 0.19
for those with FCL screws. The mean James Blinding
Index was 0.26 £+ 0.12.

Evaluation of fracture healing
There was moderate agreement with regard to asse-
ssment of fracture healing among the evaluators in
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Table 1 Blinding assessment with blinded radiographs

Table 3 Agreement scores for the assessment of fracture healing

BBI-FCL BBI-standard James Blinding
screw screws Index
Observer 1 0 0 0.99
Observer 2 0 0 0.99
Observer 3 -0.08 0 0.98
Mean -0.03 0 0.98
SD 0.04 0 0

BBI: Bang Blinding Index; FCL: Far cortical locking; SD: Standard deviation.

Table 2 Blinding assessment with unblinded radiographs

BBI-FCL BBI-standard James blinding
screw screws index
Observer 1 1 0.85 0.32
Observer 2 1 0.85 0.32
Observer 3 0.67 0.92 0.12
Mean 0.89 0.87 0.26
SD 0.19 0.04 0.12

BBI: Bang Blinding Index; FCL: Far cortical locking; SD: Standard deviation.

both the blinded and unblinded arms of the study (Table
3). There was no difference in agreement between the
blinded and unblinded groups.

DISCUSSION

This study demonstrates the success with which an
uncomplicated and reproducible technique can blind
radiographs of distal femur fractures. The blinding
protocol successfully masked the surgeons to the type of
locking screws implanted in the distal femur. Statistical
analysis with the Bang Blinding Index and James Index
scores confirmed the success of the blinding protocol: The
interval estimates were all close to 0 and 1, respectively,
representing near perfect blinding. The blinding protocol
did not interfere with the surgeons’ ability to evaluate
radiographic healing at the fracture site. There was
no difference in agreement for assessment of fracture
union between the blinded and unblinded radiographs.
Furthermore, moderate agreement of fracture healing
using radiographs is consistent with previously published
literature™”".

The protocol used to blind the type of hardware
placed in the distal femur is based upon the previously
published work by Karanicolas et a/'®!. Karanicolas
et al'® identified three different methods of digitally
concealing radiographic hardware in the femoral neck:
The “blackout” technique involves the placement of an
opaque polygon over the hardware, the “subtraction”
technique involves digitally copying bone from another
region and passing it over the hardware, and the “overlay”
technique involves digitally copying one implant and
passing it over a radiograph consisting of the other
implant. Although all three techniques successfully
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Type of review Kappa 95%CI
Blinded 0.376 0.253-0.515
Unblinded 0.353 0.252-0.453

blinded evaluators to the type of hardware implanted,
the “blackout” technique resulted in the most difficulty
in identifying hardware and required the least amount
of time per radiograph. Although our study differs in the
anatomic location of implanted hardware, focusing on
the distal femur, our digital blinding protocol is similar to
their most easily reproducible and effective method, the
“blackout” technique.

Our results must be interpreted within the limitations
of the study design. The number of fractures included
in this study was limited, with radiographs from only
33 subjects being assessed. Furthermore, the quality
and profile of the radiographs were not uniformly
standardized, potentially affecting the radiographic
assessment. Finally, we blinded the distal articular portion
of the plate to mask subtle differences in the plate design
of the various manufacturers. This may have impeded
some assessments of fracture healing; however, this will
not be necessary in the current RCT because all enrolled
patients will receive the same locking plate.

Our study design has a number of strengths, in-
cluding the separation of a randomized order of inde-
pendent images into two PowerPoint presentation
modules (unblinded and blinded) for individual surgeon
assessment a minimum of 2 wk apart. All radiographs
were evaluated for distal femur fracture union by the
overall impression of trauma surgeons, which has been
reported to be a moderately reliable method of assessing
the quality of radiographic healing of femur fractures™.
Additionally, our blinding protocol was successfully
utilized without negative consequence on fracture
healing assessment. A gathering of results and thorough
statistical analysis was performed independently to test
the criteria for effective blinding, further limiting detection
bias. The James and Bang Blinding Indices were both
used to limit the effect of “correct guessing”®”. Finally,
our blinding method is effective, efficient, and easily
reproducible for future study designs.

Distal femur fractures are commonly treated by plate
and screw constructs, but comparative efficacy research
in this field is difficult to perform due to the practical
limitation of blinding outcome assessments. This study
provides not only a simple blinding technique for outcome
evaluation but also a method to assess the success of
blinding, both of which increase the validity of future
trials which compare standard locking screws and FCL
screws in the treatment of distal femur fractures. These
techniques may be applied to investigations in other
fields of orthopaedic surgery which involve evaluation of
radiographs containing opaque implants.
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Background

Surgical fixation of distal femur fractures with locking plates and far cortical
locking screw (FCL) technology may cause controlled, micro-motion at the
fracture site to allow more reliable and uniform callus formation for predictable
healing. However, no comprehensive studies comparing the effectiveness of
FCL technology to standard locking screws in the treatment of distal femur
fractures exist. The aim of this study was to devise and analyze a digital
radiographic altering technique to conceal treatment allocation and blind
outcome assessment of distal femur fracture fixation. This would allow unbiased
comparison of distal femur fixation methods.

Research frontiers

Locking screws are necessary for surgical fixation of displaced extra-articular
distal femur fractures. Standard locking or FCL screws may be used. However,
there are few studies which directly compare, without bias, standard locking
and FCL screws in effectively healing distal femur fractures.

Innovations and breakthroughs

The authors created and analyzed a digital blinding technique to objectively
assess radiographic union of distal femur fractures treated with two types on
plate-and-screw constructs. Statistical analysis with the Bang Blinding Index
and James Index scores confirmed the success of the blinding protocol. There
was no statistically significant difference in agreement for assessment of
fracture union between the blinded and unblinded radiographs.

Applications

The results of this study suggest that a simple digital radiographic blinding
technique may be a reliable method for objective, unbiased outcome evaluation
in trials comparing the efficacy of standard locking screws and FCL screws in
the treatment of distal femur fractures. These techniques may be applied to
investigations in other fields of orthopaedic surgery which involve evaluation of
radiographs containing opaque implants.

Terminology

Digitally altering radiographs with black boxes overlaying hardware, while
preserving an exposed fracture site, is a technique to blind outcome assessors
in evaluating distal femur fracture fixation.

Peer-review
This is an interesting study on the use of a digital protocol to blind outcome
assessors in evaluating radiographic union of bone fractures after surgical fixation.
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Abstract

AIM

To evaluate the joint geometry and the clinical outcome of
stemless, anatomical shoulder arthroplasty with the TESS
system.

METHODS

Twenty-one shoulders with a mean follow-up 18 of months
were included. On scaled digital radiographs the premorbid
center of rotation (CoR) was assessed and compared to
the CoR of the prosthesis by using the MediCAD® software.
Additionally, the pre- and post-operative geometry of the
CoR was assessed in relation to the glenoid, the acromion
as well as to the proximal humerus. Radiological changes,
such as radiolucencies, were also assessed. Clinical
outcome was assessed with the Constant and DASH score.

RESULTS
Both, the Constant and DASH scores improved signifi-
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cantly from 11% to 75% and from 70 to 30 points, P <
0.01 respectively. There were no significant differences
regarding age, etiology, cemented or metal-backed
glenoids, efc. (P > 0.05). The pre- and postoperative
humeral offset, the lateral glenohumeral offset, the height
of the CoR, the acromiohumeral distance as well as neck-
shaft angle showed no significant changes (P > 0.05).
The mean deviation of the CoR of the prosthesis from the
anatomic center was 1.0 £ 2.8 mm. Three cases showed
a medial deviation of more than 3 mm. These deviations
of 5.1, 5.7 and 7.6 mm and were caused by an inaccurate
humeral neck cut. These 3 patients showed a relatively
poor outcome scoring.

CONCLUSION

TESS arthroplasty allows an anatomical joint reconstru-
ction with a very good outcome. Outliers described in this
study sensitize the surgeon for an accurate humeral neck
cut.

Key words: Anatomical shoulder arthroplasty; Stemless;
Omarthrosis; Total shoulder replacement; Joint geometry

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: By using bony landmarks that are not altered by
osteoarthritic changes, the premorbid center of rotation
(CoR) was assessed in comparison to the postoperative
one after TESS arthroplasty. Furthermore, joint geometry
changes were assessed in relation to the glenoid, the acro-
mion and the proximal humerus. Our data demonstrate
a precise restoration of the joint and a very good clinical
outcome. This study also describes outliers with a clinically
relevant medialized CoR. Being caused by a slightly
inaccurate humeral neck cut, this study might sensitize us
that this osteotomy is a crucial step to ensure a good dlinical
outcome.

von Engelhardt LV, Manzke M, Breil-Wirth A, Filler TJ, Jerosch
J. Restoration of the joint geometry and outcome after stemless
TESS shoulder arthroplasty. World J Orthop 2017; 8(10): 790-797
Available from: URL: http://www.wjgnet.com/2218-5836/full/v8/
110/790.htm DOI: http://dx.doi.org/10.5312/wjo.v8.110.790

INTRODUCTION

The traditional stemmed design of anatomical total
shoulder arthroplasties is based on the principles of total
hip replacement. Similarly to hip arthroplasty, stem-
related complications, such as a bone loss secondary
to stress shielding, humeral fractures, etc., are not
so infrequent™™. A further difficulty of a stemmed
shoulder arthroplasty is that the restoration of the
individual anatomy with its offset and center of rotation
(CoR) is not always reached even with newer modular
designs'™®. Another aspect is the revision surgery,
where severe difficulties may arise during and after
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stem revision. A recent report describes complications
such as a canal perforation, bone destructions and
humerus fractures in around 50% of the cases'”. Thus,
avoiding stem-related complications, improved options
to gain an anatomic reconstruction of the proximal
humerus and preserving the bone stock for easier
revisions are practical reasons why stemless designs
have been introduced as an alternative to traditional
designs. However, both patients and surgeons have
high expectations regarding activity levels and return
to sports following shoulder replacement surgery®.
In regard to these data, the ongoing development of
shoulder arthroplasty is a logical consequence.

The Total Evolutive Shoulder System (TESS, Biomet-
Zimmer, Warsaw, IN, United States) uses different
sizes of an impaction-implanted 6-armed corolla for a
peripheral metaphyseal anchoring close to the cortical
bone. This method of fixation is different to those with
a much more central anchoring within the metaphysis,
e.g., the threaded central cage of the Arthrex Eclipse
(Arthrex, Karlsfeld, Germany) or the Simpliciti system
with a nucleus and 3 fins for central impaction (Wright
Medical, formerly Tornier, Montbonnot, France)®. The
principle of a peripheral metaphyseal anchoring might
influence the reconstruction of the individual anatomy
of the proximal humerus. The purpose of this study was
to evaluate the restoration of the joint geometry as well
as the clinical and radiographic outcome of the TESS
system for anatomical shoulder arthroplasty.

MATERIALS AND METHODS

This study has been approved by the Ethical Committee
of the University of Duesseldorf (Study No. 4426). All
patients were operated at the Department of Orthopedics,
Trauma Surgery and Sports Medicine of the Johanna-
Etienne Hospital Neuss. Patients included in this study had
an anatomical shoulder arthroplasty with the TESS system
(TESS, Biomet-Zimmer, Warsaw, IN, United States).
Pre-operative planning of the prosthesis components
was performed in all cases on scaled anteroposterior
digital radiographs using the MediCAD® software. After a
deltopectoral approach, the elevation of the subscapularis
tendon and the dislocation of the humeral head, the
rotator cuff insertions, the humeral head and the anato-
mical neck were visualized. The cutting guide was held
parallel to the anatomical neck and the inclination, re-
troversion and the height of the cut were adjusted by
using these landmarks. After the saw cut, the size of the
corolla broach was measured using the humeral sizing
templates. Then the glenoid was prepared. A cemented
all-polyethylene component or a metal-backed glenoid
which allows a conversion to a reversed version were
available. After broaching and impaction of the corolla into
the metaphysis, different trial heads with a diameter of
41, 43, 45, 48, 50 and 52 mm with or without an offset
were available. The subscapularis tendon was reattached
to its origin by using transosseus Ethibond sutures. A
biceps tenodesis was performed in patients with slender
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Figure 1 Assessment of the pre- and postoperative joint geometry. The
best-fit circle with the premorbid center of rotation (CoR) is generated with
bony landmarks which are not altered by osteoarthritic deformities: The lateral
major tubercle border, the medial calcar at the inflection point and the medial
edge of the greater tuberosity at the medial supraspinatus insertion. Further
parameters were the acromiohumeral distance (AHD), the humeral offset (HO)
as the distance between the CoR and the lateral major tubercle border, the
lateral glenohumeral offset (LGHO) as the distance between the coracoid and
the lateral major tubercle border, and the height of the center of rotation (height
CoR) as the distance to the inferior glenoid.

overarms. Physiotherapy with restricted external rotation
was started directly after the operation. Besides the
exclusion of patients with rotator cuff tears or a defect
arthropathy, there were no further exclusion criteria for
the implantation of an anatomical TESS prosthesis. All
patients received a non-stemmed version. The decision
whether to use a stemmed or non-stemmed design was
made intraoperatively depending on the metaphyseal
bone quality. One patient with a humeral head necrosis
had an incorrect positioning of the humeral component
leading to an extensively elevated humeral offset. In this
patient, a revision to a stemmed version was performed
immediately. This case was considered a surgical failure.
Another patient suffered a fall with a traumatic rotator
cuff tear before the follow-up appointment. Both patients
were excluded from this study. Finally, 21 shoulders in
19 patients (m/f = 10/9) with anatomic TESS shoulder
prostheses were evaluated regarding their clinical and
radiological outcome. The mean follow-up was 18 £ 9
mo. The average age at surgery was 66 years (range
32-79 years). In 10 cases, the dominant side was
involved. 15 shoulders received a total arthroplasty with
a metal-backed glenoid, four a cemented PE glenoid and
three received a hemiarthroplasty. Indications were an
osteoarthritis (n = 19) and a humeral head necrosis (n
= 2). One necrosis was caused by a thalassaemia and
one was posttraumatic after plate fixation of a proximal
humeral fracture.

As recommended by Booker et a/'”, the clinical
outcome of the patients was assessed with the com-
bination of two outcome scoring tools. The Disabilities
of the Arm, Shoulder, Hand (DASH) score was used
as a patient self-assessment measurement tool and
the constant score (CS) as a clinically-based outcome
measuring.
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Figure 2 The postoperative center of rotation of the prosthesis shows no
deviation compared to the the native one. The neck shaft angle is defined
as the medial angle between the shaft axis and a perpendicular line to the
preoperative anatomic neck or the base of the humeral head component.

A standardized anterior-posterior- and an axillary
view were performed preoperatively and at the follow-up
appointment. Preoperative X-rays were scaled by using a
25 mm diameter ball marker. Postoperative X-rays were
scaled using the size of the glenosphere. Measurements
were performed with the MediCAD® software. The
premorbid CoR was assessed with the best-fit circle
method generated with three bony landmarks which are
not altered by the osteoarthritic articular surface (Figures
1 and 2): The lateral cortex of the greater tuberosity,
the medial calcar at the inflection point where the
calcar meets the articular surface, and the medial edge
of the greater tuberosity at the medial supraspinatus
insertion™"). This way, the deviation of the CoR of the
implanted humeral head can be assessed in comparison
to the native anatomic one. As described by Alolabio et
al*?, a deviation of more than 3 mm was considered as
being clinically significant. A medial deviation compared
to the premorbid CoR was defined as an overstuffing
(Figure 3), whereas a lateral deviation was defined
as an understuffing (Figure 4). To further assess the
geometry of the pre- and postoperative CoR in relation
to the glenoid, the acromion as well as to the proximal
humerus, further parameters were measured as de-
scribed by Thomas et ai®! (Figure 1). Because some
preoperative X-rays showed a poor positioning quality,
four cases had to be excluded from the assessment
of these pre- to postoperative geometry changes. The
following differences of the pre- and postoperative values
were calculated: The acromiohumeral distance (AHD) is
defined as the shortest distance between the humerus
and the acromion, the humeral offset (HO) as the dis-
tance between the CoR and the lateral border of the
greater tuberosity, the lateral glenohumeral offset (LGHO)
as the distance between the basis of the coracoid and
the lateral border of the greater tuberosity and the height
of the CoR regarding to the inferior border of the glenoid
(CoR height)!*?), Pre- to post-operative neck shaft angles,
defined as the medial angle between the shaft axis and
a perpendicular line to the anatomic neck, were also
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Figure 3 In three cases, a medial deviation of 4.3 (A), 7.3 (B) and 6.2 (C) mm was caused by an inaccurate humeral neck cut with a resection level which
was to high in all cases. These findings were defined as an overstuffing: These patients showed a relatively poor outcome scoring.

1046

B

Figure 4 The center of rotation of the prosthesis was 3.7 mm lateral to the
anatomical one and caused by a slightly too small humeral head size. This
patient showed a relatively high postoperative constant score.

measured (Figure 2).

Statistical analysis

Statistical analysis were performed with SPSS Statistics
software 22.0 (SPSS Inc., Chicago, Illinois, United Sta-
tes). The Wilcoxon test was used for the comparison
between the pre- and postoperative data of the clinical
scores, the Mann-Whitney-U test to compare the clinical
scores between two different groups of the population
and the Kruskal-Walis test to compare the clinical scores
between several groups. The parametric Students
t-test was used to compare pre- and post-operative
geometrical measurements. The level of significance
was set to alpha < 0.05. A statistical review was con-
ducted by a biomedical statistician.

RESULTS

Functional outcome

The relative CS and DASH score improved significantly
from a median of 11% £ 19% to 75% + 26% and
from 70 + 22 points to 30 £ 19 points, P < 0.01,
respectively. In the symptoms section of the DASH
score, the patients improved from 24 = 7 points to
12 = 5 points (P < 0.01). In the function section, the
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Figure 5 In two cases small radiolucent lines of a maximal thickness of 2
mm were noticed at the upper screw and behind the superior third of the
baseplate (white arrows).

score improved from 82 £ 19 points to 53 £ 18 points.
There were no significant differences regarding age,
sex, etiology groups, side of surgery, cemented or
metal back glenoids treatment with a hemi- or total
arthroplasty (P > 0.05).

Radiological results
With the best-fit circle method, the mean deviation of
the CoR of the prosthesis from the anatomic CoR was
1.0 £ 2.8 mm. Of the 21 cases, four (19%) exhibited
a deviation of more than 3 mm. Three cases (14%)
showed an overstuffing with a medial deviation of 4.9,
6.2 and 7.6 mm. These patients showed a relatively
poor outcome with a CS of 39, 41 and 51 points. The
reasons for these deviations were a too high resection
level (Figure 3A and C) and an inaccurate inclination
of the humeral neck cut (Figure 3B). In the fourth
case, the CoR of the humeral component was 3.7 mm
lateral to the anatomical CoR. This deviation with an
understuffing was caused by a slight undersizing of
the humeral head (Figure 4). This patient showed a
relatively high postoperative CS of 77 points.

The geometry of the CoR in relation to the glenoid, the
acromion as well as to the proximal humerus, described
by the AHD, HO, LGHO, the CoR height and the neck-shaft
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Table 1 Pre- to post-operative geometrical joint parameters

Mean

Median SD Minimum Maximum

Pre-OP neck shaft angle 135.4° 135.3° 3.0° 131.6° 139.7°
Post-OP neck shaft 136.6° 133.8° 9.4°  119.3° 158.9°
angle

Pre-OP AHD (mm) 6 6.5 3l 2 13
Post-OP AHD (mm) 96 7 6.8 2 25
Pre-OP HO (mm) 253 25 2.8 22 32
Post-OP HO (mm) 252 255 42 18 36
Pre-OP LGHO (mm) 639 63 6 52 74
Post-OP LGHO (mm) 609 625 65 49 74
Pre-OP CoR height 172 17 6.3 8 28
(mm)

Post-OP CoR height 177 175 65 5 29
(mm)

All changes depicted were statistically not significant (P > 0.05). CoR: Center
of rotation; AHD: Acromiohumeral distance; LGHO: Lateral glenohumeral
offset.

angle, showed only slight differences between the pre-
and post-operative measurements. By using the Students
t-test all these minor changes of the geometry presented
in Table 1 were not significant (P > 0.05).

Small radiolucent lines were seen in two of 15 cases
with a metal-backed glenoid (13%) (Figure 5). In
both cases it was above the superior part of the upper
screw and behind the superior third of the baseplate.
Both radiolucencies measured a maximal thickness of
2 mm. Further signs of a loosening were not noticed.
At the last follow-up, both patients were pain-free and
showed a CS of 75 and 52 points. At the cemented all-
polyethylene glenoid radiolucent lines and/or osteolyses
were not noticed. Radiolucent lines were also not
detected around the 21 humeral components.

Complications

We observed three (14%) complications. One patient
with a posttraumatic humeral head necrosis developed a
frozen shoulder which was treated with an arthroscopic
capsular release. The CS at the last follow-up was 48
points. One patient showed a partial brachial plexus
lesion. He underwent an intensive rehabilitation. At the
follow-up appointment, he recovered partially but still
showed a CS of only 15 points. One of the patients with
an overstuffed positioning of the humeral component
(Figure 3B) suffered a cuff failure three months after the
last follow-up appointment nine months postoperatively.
This patient showed a CS of only 51 points. A revision
to a reversed prosthesis was performed.

DISCUSSION

In this study, we had to document three complications
which lead to an overall complication rate of 14%.
Looking closer, one partial brachial plexus lesion was
treated with an intensive rehabilitation, one shoulder
arthrofibrosis was treated with an arthroscopic capsular
release and one cuff failure needed a revision to a
reversed prosthesis. In recent review articles, the overall
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complication rate lies between 4.2% and 15.2%"***,

In the literature, an arthrofibrosis after shoulder arthro-
plasty is rarely documented!*>'®, whereas a rotator
cuff failure is reported with incidences between 1.3%
and 14%™""™ and a plexus lesion with incidences up to
15%™**!!, Taken together, our complication rate is high
and lies in the upper range compared to the literature.
In our opinion, these results are poor and interfere with
the outcome scorings. This should be highlighted at the
beginning of this discussion.

The humeral head varies individually in its retroversion,
inclination as well as its medial and posterior offset?®**,
Therefore, first and second generation stemmed
arthroplasties did not meet the requirements to reach
an exact restoration of the anatomy®”. Even if newer
modular stemmed designs have improved the adaptation
to the individual anatomy, an exact anatomic match is
not always achieved™®. In a finite element analysis,
Bichler and Farron®* demonstrated the importance of
an anatomically reconstructed humeral head to avoid
an eccentric glenoid loading. In a study on patients with
dissatisfaction after shoulder arthroplasty, main findings
were substantially malpositioned components with or
without loosened glenoids, stiffness and instabilities''.
These clinical and biomechanical studies demonstrate
the importance of an exact reconstruction of the joint
geometry to achieve a good clinical outcome.

The impacted corolla of the TESS prosthesis provides
a peripheral metaphyseal anchoring™. This relatively
stable fixation close to the cortical bone might explain why
findings indicating a loosening were not noticed. This is in
accordance to previous studies where no radiolucent lines
were noticed around the corolla of the TESS implant®**”.
On the other hand, the peripheral metaphyseal anchoring
with different sizes might influence the reconstruction of
the joint geometry. Our hypothesis was that the stemless
TESS system provides a reliable reconstruction of the
individual anatomy with a good clinical outcome. In
our series, the relative CS and DASH scores improved
significantly with results that are in a similar range to
previous reports on the anatomic TESS prosthesis!®®?®,
Youderian et al™ demonstrated that the premorbid
CoR can be accurately predicted by a circle fitted from
preserved nonarticular bony landmarks. We used this
best-fit circle to measure the deviation of the center of
the prosthesis to the premorbid CoR. Previous studies
demonstrated that a malpositioning of 3 to 4 mm can
affect the clinical outcome®***34, According to Alolabi
et a"¥ and Kadum et a®", we defined a deviation of
3 mm as clinically relevant. In our series, 81% showed
no deviation or a deviation of less than 3 mm. Another
study also used the best-fit circle method to assess
the restoration of the CoR with different anatomical
prosthesis types. This study demonstrated no deviation
or a deviation of less than 3 mm with lower rates lying
between 34.9% and 68.8%. The mean deviation between
the premorbid CoR and the center of the prosthesis
measured between 2.5 and 3.8 mm which is two to four
times higher compared to our study™. However, even if
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our results are relatively good, we have to notice that we
were not able to demonstrate a 100% rate of an exact
restoration of the CoR. Thus, four patients (19%) showed
a deviation of more than 3 mm. We hypothesized that a
significant deviation might lead to a relatively poor dinical
outcome. One patient showed an understuffing with a
lateral deviation of the implant CoR which was caused by a
relatively small humeral component. Showing a relatively
high CS of 77 points, this deviation did not lead to a poor
clinical outcome. Three patients showed an overstuffing
caused by an inaccurate resection level for the humeral
neck cut. With 51, 39 and 41 points, these patients
showed a relatively poor CS. Because the inaccurate
humeral neck cut lead to a dlinically relevant overstuffing,
these cases have to be characterized as avoidable failures
during surgery. Besides a poor clinical outcome, one of
these three patients suffered a cuff failure after the last
follow-up, requiring a revision to a reversed arthroplasty.
Showing an incidence of 11%, a recent systematic review
suggests that these cuff tears following total shoulder
arthroplasty may be more common than previously th-
ought™. Maybe these data should sensitize the surgeon
to be aware of an exact identification of anatomical
landmarks for a correct humeral neck cut. Besides a digital
scaled preoperative planning, the use of the best-fit circle
method might support the surgeon’s ability to find the
right resection level and to choose the correct head size.
In some cases, osteophytes as bony landmarks might be
helpful to mark the correct resection level and angle during
surgery. In some cases, an intraoperative fluoroscopy,
where the best-fit circle method can be used again,
might provide an increased security to achieve an exact
humeral head position and size. Especially in cases with
advanced deformities or in cases where the achievement
of an optimal soft tissue balancing of the implant is not
completely satisfactory, such additional intraoperative
X-rays might be helpful.

The pre- and post-operative AHD, HO, LGHO and the
CoR height were measured as described by Thomas et
af*®, Table 1 depicts that these measurements, including
the pre- and postoperative neck shaft angles, showed
only minimal changes. Thus, the geometry of the CoR
in relation to the glenoid, the proximal humerus and the
acromion does not seem to be altered. Regarding these
data, the TESS system allows a reliable restoration of
the individual joint geometry. This might explain the
relatively good clinical outcome of the TESS prosthesis
described in our series as well as in previous studies with
follow-up times ranging from 6 to 45 mo™®2%334,

At the cemented all-polyethylene glenoid com-
ponents, radiolucent lines were not noticed. This is
similar to previous studies on pegged designs, where
radiolucent lines were not detected®>*®. At the metal-
backed glenoids, small radiolucent lines were seen
in two cases (2/15, 13%) behind the superior third
of the baseplate and above the upper screw (Figure
5). Further signs of a loosening were not noticed. In
previous studies with newer metal-backed glenoids,
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radiolucencies were also noticed in 7%}, 10%****! and
23%!"% of the cases. The TESS system has a central
convex section in both the polyethylene and the metal-
backed component. Compared to those with a flat-
backed glenoid, this design showed lower distraction
forces in biomechanical testings'*!! as well as a lower
presence and progression of radiolucencies'®’. Moreover,
the metal-backed glenoid baseplate of the TESS
system has a double coating with porous titanium and
hydroxyapatite. Besides the design chracteristics, these
material features have also been shown not to be as
critical as those with older flat shaped, uncoated metal-
backed glenoid components****), These features of
the TESS system might explain why radiolucencies
were noticed in our series in only two cases of metal-
backed components and in none of the cases with a
polyethylene glenoid component.

We acknowledge that our study has several limi-
tations. There was no randomized control group treated
with a conventional stemmed prosthesis to compare
our results. Further limitations of this study are the
short mean follow-up of 18 mo and the small humber
of 21 shoulders being evaluated. The study presented
here was a necessary first step in exploring our first
experiences with the TESS system, which seems to
provide reasonable advantages. Therefore, the outcome
scorings and the assessment of complications should be
regarded cautiously. Larger studies with longer follow-up
intervals are needed to assess the sustainability of the
clinical outcome as well as long-term changes of the joint
geometry. For this reason we recently applied for ethical
approval of a long term study on the TESS prosthesis.

In conclusion, the stemless shoulder arthroplasty
using the TESS system allows a reliable reconstruction of
the individual anatomy with an excellent clinical outcome.
On the other hand, we noticed three cases with a slight
but clinically relevant overstuffed reconstruction of the
CoR caused by an inaccurate humeral neck cut. This
should increase our awareness. An optimized bone cut
is a crucial step to ensure a good clinical outcome during
surgery.

COMMENTS

Background

An exact reconstruction of the individual anatomy of the shoulder joint is vital
to reach a good clinical outcome of anatomical shoulder replacement. The
restoration of the joint geometry as well as the clinical and radiographic outcome
of stemless, peripheral metaphyseal anchored shoulder arthroplasty by using the
TESS system is evaluated.

Research frontiers

Besides modular prosthesis designs, current developments in shoulder
arthroplasty include smaller, bone sparing components. Research is needed to
interpret advantages, pitfalls and the clinical efficacy.

Innovations and breakthroughs

Stemless TESS shoulder arthroplasty allows an exact reconstruction of the
premorbid center of rotation (CoR). Additional parameters, such as the relation
between the pre- and postoperative CoR and the glenoid, the acromion as
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well as the proximal humerus are reconstructed. Thus, the data demonstrate
a precise restoration of the joint geometry with a good clinical outcome. A
loosening of the metaphyseal anchoring was not detected. Similarly to previous
studies, this article also demonstrates that even a slightly inaccurate humeral
neck cut can cause a clinically relevant medialized CoR.

Application

Surgical precision work and a highly modular prosthesis system with variable
sizes is needed to ensure a good clinical outcome. The use of the best-fit
circle method during the preoperative planning might be helpful to find the right
resection level and to choose the correct head size. During surgery, an exact
identification of anatomical landmarks is vital to find the correct level and angle
for the humeral neck cut. In some cases, intraoperative fluoroscopy might be an
additional support.

Terminology

TESS: Total Evolutive Shoulder System; DASH score: Disabilities of the Arm,
Shoulder and Hand score; CS: Constant score; CoR: Center of rotation; AHD:
Acromiohumeral distance; HO: Humeral offset; LGHO: Lateral glenohumeral
offset.
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Abstract

AIM
To clarify the effectiveness of scaffold-based therapy for
osteochondral lesions of the talus (OLT).

METHODS

A systematic search of MEDLINE and EMBASE databases
was performed during August 2016 and updated in
January 2017. Included studies were evaluated with
regard to the level of evidence (LOE) and quality of
evidence (QOE) using the Modified Coleman Methodology
Score. Variable reporting outcome data, clinical outcomes,
and the percentage of patients who returned to sport at
previous level were also evaluated.

RESULTS

Twenty-eight studies for a total of 897 ankles were
included; 96% were either LOE III or IV. Studies were
designated as either of poor or fair quality. There were
30 treatment groups reporting six different scaffold repair
techniques: 13 matrix-induced autologous chondrocyte
transplantation (MACT), nine bone marrow derived
cell transplantation (BMDCT), four autologous matrix-
induced chondrogeneis (AMIC), and four studies of other
techniques. The categories of general demographics
(93%) and patient-reported outcome data (85%) were
well reported. Study design (73%), imaging data (73%),
clinical variables (49%), and patient history (30%) were
also included. The weighted mean American Orthopaedic
Foot and Ankle Society (AOFAS) score at final follow-up
was: 86.7 in MACT, 88.2 in BMDCT, and 82.3 in AMIC.
Eight studies reported that a weighted mean of 68.3% of
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patients returned to a previous level of sport activity.

CONCLUSION

Scaffold-based therapy for OLT may produce favorable
clinical outcomes, but low LOE, poor QOE, and variability
of the data have confounded the effectiveness of this
treatment.

Key words: Scaffold; Ankle; Talar osteochondral lesion;
Systematic review; Cartilage

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This systematic review demonstrated that
scaffold-based therapy for lesions of the talus (OLT)
may produce favorable clinical outcomes. However, 96%
of included studies were classified into the category
of poor level of evidence and no papers were of good
methodological quality. Therefore, careful attention should
be paid when evaluating scaffold-based therapy for OLT.
In addition, large variability and underreporting of clinical
data between studies made it difficult to reliably compare
the results. Further well-designed studies are necessary to
determine the effectiveness of scaffold-based therapy for
OLT, especially when compared to the available traditional
treatments.

Shimozono Y, Yasui Y, Ross AW, Miyamoto W, Kennedy JG.
Scaffolds based therapy for osteochondral lesions of the talus:
A systematic review. World J Orthop 2017; 8(10): 798-808
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v8/i10/798.htm DOI: http://dx.doi.org/10.5312/wjo.v8.i110.798

INTRODUCTION

Numerous surgical treatment strategies for osteochondral
lesions of the talus (OLT) have been proposed, but a
universally ideal treatment has yet to be established™?.
The operative treatment for OLT can be divided into
two broad categories: Reparative and replacement
procedures. Reparative procedures aim to regenerate
tissue with biomechanical properties similar to normal
hyaline cartilage. Bone marrow stimulation (BMS) is the
most common reparative procedure, which stimulates
mesenchymal stem cell proliferation and promotes
fibrous cartilage repair tissue at the defect site. However,
the fibrous cartilage repair tissue has different biological
and mechanical properties compared to native hyaline
cartilage and is likely to degenerate over time™. Auto-
logous chondrocyte implantation (ACI) is another re-
parative procedure that attempts to regenerate damaged
cartilage with more hyaline-like repair tissue, but this
procedure has the disadvantage of the need for a two-
staged intervention, which increases both cost and the
potential for morbidity™.

Recently, tissue-engineering approaches using various
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types of bioavailable scaffolds has emerged with greater
potential for cellular differentiation and maturation. The
templates are typically seeded with elements selected
to improve the quality of reparative cartilage and include
stem cells and growth factors. Matrix-induced autologous
chondrocyte transplantation (MACT) is a second-gene-
ration ACI technique, which uses a type I /Il bilayer
collagen membrane seeded with cultured autologous
chondrocytes. However, MACT also requires a two stage
procedure™®!, Autologous matrix-induced chondrogenesis
(AMIC) is a one-step scaffold-based therapy that
combines bone marrow stimulation (BMS) with the
use of a porcine collagen I /Il matrix scaffold”’. Bone
marrow-derived cell transplantation (BMDCT) is also a
one-step procedure and is a combination of concentrated
bone marrow aspirate and scaffold material®.

Scaffold-based therapy for OLT offers alternative
reparative procedures and is quickly becoming more
popular as data supporting clinical efficacy increases'.
However, no consensus has been reached regarding the
effectiveness of scaffold-based therapy on OLT to date.

The purpose of the current systematic review was
to clarify the effectiveness of scaffold-based therapy for
OLT based on available clinical evidence.

MATERIALS AND METHODS

Search strategy

Two independent reviewers performed a systematic
review of the databases PubMed/MEDLINE and EMBASE
in January 2017 based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines™.

The combination of search terms were: (cartilage
OR cartilage injury OR cartilage damage OR cartilage
repair OR cartilage defect OR osteochondral lesion OR
osteochondral dissecans OR osteochondral defect OR
osteochondral injury OR osteochondral fracture OR
osteochondritis dissecans) AND (ankle OR talus OR tibia
OR talocrural joint) AND (scaffold OR scaffold-based
repair OR matrix-assisted chondrocyte implantation
OR cartilage regeneration OR osteochondral repair).
The reference list of all articles and relevant studies
were also scanned for additional articles potentially not
identified through our electronic search alone.

The inclusion and exclusion criteria are shown in the
Table 1. No time limit was given to publication date.

The titles and abstracts were reviewed by applying
the aforementioned criteria, and the full text of potentially
relevant studies was then selected. Scaffold-based
therapy for OLT was defined as operative treatment
using any scaffolds for OLT.

Differences between reviewers were discussed until
agreement was achieved, and the senior author was
consulted in the event of persistent disagreement.

Assessment of level of evidence
Two independent investigators reviewed each study
and the LOE was determined using previously published
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Records excluded

é Records identified through Additional records identified
S database searching through other sources
b= (n = 663 total number both) (n=0)
b
Records after duplicates
removed (7 = 639)
2
c
Q
g
Q
0 Records screened
(n=31) (n=31)
= Full-text articles assessed with reasons (77 = 4)
o for eligibility (7 = 28)
w Basic science (7 = 4)
E Studies included in
3 qualitative synthesis
S (n = 28)

Figure 1 PRISMA flowchart outlining the systematic review.

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Therapeutic clinical studies evaluating the
effect of scaffolds for ankle cartilage repair
All patients included had > 6-mo follow-up
Published in a peer-reviewed journal
Published in English
Full-text version available

Exclusion criteria
Review articles
Case reports
Technique articles
Cadaveric studies
Animal studies
In vivo studies

criteria™.

Assessment of methodological quality of evidence

Two independent investigators evaluated the metho-
dological quality of evidence (QOE) of the included
studies using the Modified Coleman Methodology
Score (MCMS) (Table 2)M****. Instances of discrepancy
were resolved by consensus and if any disagreement
persisted, a senior author was consulted and a consensus
was reached. Excellent studies were considered those
that scored 85 to 100 points; good studies scored 70 to
84 points; fair studies scored 55 to 69 points, and poor
studies scored less than 55 points!**,
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Full-text articles excluded,

No clinical outcome (7 = 4)

Data extraction and analysis

Two reviewers independently extracted data from each
study and assessed variable reporting of outcome data
using parameters of previously published criteria™,
In addition, clinical outcomes and the percentage of
patients who returned to sport at previous level were
evaluated.

Statistical analysis

All statistical analysis was performed using a com-
mercially available statistical software package (SAS 9.3;
SAS Institute, Inc., Cary, NC, United States). Descriptive
statistics were calculated for each study and parameters
analyzed. For each variable, the number and percentage
of studies that reported the variable was calculated.
Variables were reported as weighted average + weighted
standard deviation where applicable.

RESULTS

After full text review, 28 clinical studies for a total of 897
ankles were identified for inclusion in the current study
(Figure 1)*®'%*® The weighted mean follow-up was
37.7 (range 6-87) mo, with only three studies reporting
a follow-up time of greater than five years?>#?%,

Of the 28 clinical studies, there were 30 treatment
groups, including six different scaffold-based therapies:
13 MACT™®¢2  nine BMDCT™#2¢34 four AMIC%34,
two cartilage extracellular matrix®®>*®!, one autologous

October 18, 2017 | Volume 8 | Issue 10 |



Shimozono Y et a/. Scaffolds based therapy for osteochondral lesions of the talus

Table 2 Modified Coleman Methodology Score

Score
Part A: Only 1 score to be given for each section
Number of study patients
> 60 10
41-60 7
20-40 4
<20, not stated 0
Mean follow-up (mo)
>24 5
12-24 2
<12, not stated or unclear 0
Number of different surgical procedures included in each reported
outcome
1 10
>1, but > 90% of patients undergoing the 1 procedure 7
Not stated, unclear, or < 90% of subjects undergoing the 1 procedure 0
Type of study
Randomized controlled trial 15
Prospective cohort study 10
Retrospective cohort study 0
Diagnostic certainty (MRI)
In all 5
In >80% 3
In <80% 0
Description of surgical procedure given
Adequate (technique stated and necessary details of that type of 5
procedure provided)
Fair (technique only stated without elaboration) 3
Inadequate, not stated, or unclear 0
Description of postoperative rehabilitation
Well described (ROM, WB, and sport) 10
Not adequately described (2 items between ROM, WB, and sport) 5
Protocol not reported 0
Part B: Scores may be given for each option in each of the 3 sections if
applicable
Outcome criteria
Outcome measures clearly defined 2
Timing of outcome assessment clearly stated (e.g., at best outcome 2
after surgery or follow-up)
Objective, subjective, and imaging criteria 6
2 items between objective, subjective, and imaging criteria 4
Objective, subjective, or radiological criteria 2
Procedure for assessing outcomes
Patients recruited (results not taken from surgeons' files) 5
Investigator independent of surgeon 4
Written assessment 3
Completion of assessment by patinets themselves with minimal 3
investigator assistance
Description of patient selection process
Selection criteria reported and unbiased 5
Recruitment rate reported
>80% 5
<80% 3
Eligible patients not included in study satisfactorily accounted for or 5
100% recruitment

collagen-induced chondrogenesis (ACIC)®”, and one
cell free scaffold therapy™®. All included studies of
scaffold-based therapy were summarized in Table 3.
Patient demographics and clinical characteristics of each
procedure are shown in Table 4.

LOE
There was one (3.6%) study of LOE 11"”, three studies
(10.7%) of LOE M™***®!, and 24 studies (85.7%) of LOE

Baishidenge ~ WJO | www.wjgnet.com

801

[y1816:23:25:27-293138] (Taphle 5) according to established
criteria™, No study of LOE I was reported. The further
data of LOE in each procedure group was shown in
Table 5.

QOE

The weighted mean MCMS of the overall population
of studies was 49.3 £ 10.0 out of a possible 100
points. There were seven studies (25%) of fair
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Table 3 Studies of two-step and one-step procedures for ankle scaffold-based repair

Procedure Product Scientific  Type of study LOE No. of patients Lesion size Follow-up Results
publication (cm?) (mo)
Two-step
MACT MACI Schneider et  Case series IV 20 23 21 Significant improvement in functional
al, 2009 score
Pain improved in 70% of patients
Gizaetal”, Caseseries IV 10 13 24 Significant clinical improvement at 1 yr
2010 and maintained at 2 yr
Aurichet  Case series v 18 = 25 Significant improvement in all clinical
al™ 2011 scores

64% were excellent or good
Age and symptoms duration were
correlated with results

Dixon et Case series I\% 25 13 44 72% improved symptoms
al™, 2011 78% patients over 40 yr reported restricted
recreational activity
Leeetal™,  Case series v 38 1.9 24 Functional outcomes improved
2013 significantly at 2 yr
68% were excellent or good outcome
75% ICRS grade I or II in 2™ look
arthroscopy at 1 yr
Johnsonet  Case series 1\Y 18 1.9 82 Functional outcomes improved at final
al™, 2013 follow-up
Gianniniet  Case series I\ 46 1.6 87 Significant clinical improvement at 1 yr
al™ 2014 and maintained at 3 yr; 3 failures
Hyalograft C  Gianniniet Case series IV 46 1.6 36 Significant clinical improvement at 1 yr
al™, 2008 and 3 yr
Results correlated with age and previous
surgery
Hyaline-like cartilage regeneration in
histological evaluation
Battagliaet  Case series v 20 2.7 60 Significant clinical improvement
al®, 2011 T2 mapping MRI showed 69% of lesion are
covered with repair tissue
Nehreret  Caseseries IV 13 - 47 Significant clinical improvement in all
al® 2011 cases
Domayer et Comparative I 18 1.2 65 Significant clinical improvement but no
al®, 2012 study significant difference compared to MFX
group
No difference between MFX and MACT
on T2 maps
Apprichet  Caseseries IV 10 1.2 48 Significant clinical improvement
al™, 2012 No differences in functional outcome and
MOCART score between MFX and MACT
Two-step
BMDCT Spontostan  Gianniniet  Case series v 48 (25 HA 21 29 Significant clinical improvement at 1 yr
Powder al® 2009 membrane, 23 maintained at 2 yr
HYAFF-11 collagen powder) Similar results with two scaffolds
Correlation between clinical outcome and
lesion size
Spontostan  Giannini et Comparative Il 25 BMDCT 22 39 Significant clinical improvement at 1 yr
Powder al™, 2010 study 46 two-step 1.6 57 and further improvement at 3 yr
HYAFF-11 MACI 76% complete intergration with
surrounding cartilage on MRI
Hyaline-like cartilage tissue on histological
evaluation
HYAFF-11  Battagliaet Case series v 20 15 24 85% excellent or good clinical results at 2
al™, 2011 yr
78% of lesion are covered with repair
tissue comparable to hyaline cartilage
Spontostan  Gianniniet  Case series v 49 2.1 29 Significant clinical improvement at 1 yr
Powder al® 2013 with subsequent significant decrease at 2
HYAFF-11 and 3 yr
78% of repaired tissue similar to hyaline
cartilage on T2 maps
Spongostan Budaetal™, Caseseries IV 64 5.3 53 Clinical results peaked at 2 yr, declining
Powder 2014 gradually at follow-up of 6 yr
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Biopad Cadossi et Comparative I 15 BMDCT 2 12 Significant clinical improvement in both
al™, 2014 study 15 BMDCT with 1.9 12 groups
PEMF
HYAFF-11 Budaetal, Caseseries IV 40 18 48 Significant clinical improvement
2015 Higher presence of hyaline-like cartilage in
BMDCT than ACI on MRI T2 mapping
HYAFF-11 Vannini et Case series v 140 2 26 Significant clinical improvement at 2 yr
Spongostan  al™", 2017 maintained at 4 yr
Powder Return to sports at preinjury level; 32.1%
Biopad at 12 mo, 72.8% at 48 mo
AMIC Unclear Wiewiorski et Case series \% 23 = 23 Significant clinical improvement
al”, 2013
Chondro-Gide Valderrabano Case series IV 26 - 31 Significant clinical improvement
et al™, 2013 Normal signal intensity of repair tissue
was seen in 15% on MRI
Chondro-Gide Kuboschet  Case series I\ 17 24 39 Significant clinical improvement
al™, 2016 MOCART score correlated with AOFAS
score
Chondro-Gide Wiewiorski et Case series v 60 = 47 Calcaneal osteotomy was performed in
al™, 2016 63% of patients

Low rate for return to sports; postoperative
sports activity levels remain stable when
compared with preoperative levels

Cartilage BioCartilage  Desai S*, Case series v 9 13 12 78% excellent, 22% good clinical outcomes
ECM 2016
Clanton et Case series I\% 7 - 8 Significant clinical improvement
al®™, 2014
ACIC Cartifill Volpi P et Case series I\% 5 Syl 6 Significant clinical improvement at 6 mo
al™, 2014
Cell-free MaioRegen®  Christensen et Case series v 4 = 30 No clinical scores improvement
scaffold al™, 2015 No improvement in MOCART score and
3 patients had 0%-10% bone formation in
defectat1yr on CT

Table 4 Patient demographics and clinical characteristics

Procedure
Total MACT BMDCT AMIC  Cartilage ECM ACIC Cell-free scaffold

Treatment groups, n 30 13 9 4 2 1 1
Ankles, n 897 330 416 126 16 5 4
Sex, male/female/unknown, n 501/322/72  174/111/45  238/153/22  79/47/0 7/9/0 3/2/0 -
Age, yr, weighted mean (range) 30.9 (19-61) 30.1 30.2 34.9 42.7 25.6 -
Duration of symptoms, mo, weighted mean ~ 34.3 (6-216) 34.5 36.5 23 - - -
(range)

Lesion size, mm’, weighted mean (range) 215 (116-527) 171 248 240 130 - -
Follow-up, mo, weighted mean (range) 37.7 (6-87) 45.8 32.7 38.2 104 6 30

Table 5 Level and quality of evidence of included studies 7 (%)

Total Procedure groups
Studies  “YACT  BMDCT  AMIC  Cartilage ECM  ACIC Cellfree scaffold

Level of evidence

1 0 0 0 0 0 0 0
2 1(3.6) 0 2(222) 0 0 0 0
B) 3 (10.7) 2 (15.4) 2(22.2) 0 0 0 0
4 24 (85.7) 11 (84.6) 5 (55.6) 4 (100) 2 (100) 1 (100) 1 (100)
Quality of evidence
Excellent (MCMS = 85) 0 0 0 0 0 0 0
Good (MCMS 70-84) 0 0 0 0 0 0 0
Fair (MCMS 55-69) 7 (25.0) 3(23.1) 4(44.4) 0 0 0 0
Poor (MCMS < 55) 21 (75.0) 10 (76.9) 5 (55.6) 4 (100) 2 (100) 1 (100) 1 (100)

quality 182021303138 and the remainder (75%) were  of poor quality!” 1471922293237} (Tapje 5). Further QOE
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Table 6 Data reported (in percentage)

Procedure

Total MACT BMDCT AMIC Cartilage ECM ACIC Cell-free scaffold

Procedure groups, n
Demographic information
Sex
Mean age + range
Patient history
Body mass index
Mean duration of symptoms
Previous traumatic experience(s)

Activities of daily living/athletic participation

Study design
Type of study
Number of patients
Percentage of patients in follow-up
Consecutive patients

Follow-up time + range/standard deviation

Method of lesion size measurement

Lesion classification system utilized

Surgical approach used to access lesion
Clinical variables

Lesion size

Lesion location

Presence of cyst

Associated pathology

Concomitant procedures

Description of rehabilitation
Imaging data

Imaging used to identify lesion

Imaging used at follow-up
Patient-reported outcomes

Pain, function, and activity scale, pre-operative
Pain, function, and activity scale, at follow-up

30 13 9 4 2 1 1
93 92 94 100 100 100 0
90 85 89 100 100 100 0
97 100 100 100 100 100 0
30 35 31 44 13 0 0
33 31 33 50 50 0 0
23 38 22 25 0 0 0
33 38 44 50 0 0 0
30 31 22 50 0 0 0
73 71 78 72 56 63 38
50 23 56 25 0 0 100
97 100 100 100 100 100
97 100 100 100 100 100 0
23 23 22 50 0 0 0
100 100 100 100 100 100 100
43 54 44 50 0 0 0
77 77 100 50 50 100 0
97 92 100 100 100 100 100
49 58 50 58 &) & 33
93 100 100 75 50 100 100
77 77 100 75 50 0 0
13 P8 0 25 50 0 0
13 P8 0 25 0 0 0
20 15 22 50 0 0 0
80 77 78 100 50 100 100
8 81 83 75 50 0 100
80 92 89 75 50 0 100
67 69 78 75 50 0 100
85 85 100 88 0 100 100
80 77 100 75 0 100 100
90 92 100 100 0 100 100

data is shown in Table 5.

Variable reporting of outcome data

The defined data that were reported in the studies
included in this review are listed and the each data
according to procedure group is shown in Table 6.
General demographic information including age and
gender were reported in 93% of the studies. While
the study design, imaging data, and patient-reported
outcomes were well-reported variables with 73%, 73%
and 85% respectively, patient history was the least
reported variable of all with 30% of the data being
reported. Clinical variables were reported in only 49%
of studies.

Clinical outcomes were evaluated using a number of
different scoring systems for scaffolds-based therapy for
OLT (Table 7). The American Orthopaedic Foot and Ankle
Society (AOFAS) score was the most frequently utilized
in 25 studies of the included™®'¢'#2*3+%738 Of the 25
studies that used AOFAS, 22 studies investigated both
pre- and post-operative scores!*®16/18:20-23,25-32,34,37,38]

Twelve of 13 MACT groups reported pre and post-
operative AOFAS scores and of the 310 patients who
underwent MACTP®167182026] tha mean AOFAS score
improved from 59.1 to 86.7 at a mean follow-up of
47.9 mo. Of the 416 patients from the nine BMDCT
groupst*®?3!1 the mean AOFAS score improved from
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61.1 to 88.2 at a mean of 32.7 mo of follow-up. Of the
126 patients from the four AMIC groups”****, the mean
AOFAS score improved from 50.7 to 82.3 at a mean
follow-up of 38.2 mo. Of the two cartilage ECM studies
included, one publication reported outcomes at less than
one year follow-up®®, and the other one did not describe
clinical outcomes®™!, There was only one publication
reporting ACIC data but clinical evaluation was in-
sufficient due to a follow-up of only six mo®”. In the cell-
free scaffold group, only one study was published, which
showed no clinical improvement in AOFAS score at a
mean 30 mo (from 48.7 to 52.7) follow-up. However,
these results only included four studies®®.,

In this systematic review, 12 procedure groups
reported sequential clinical outcomes at two or more
post-operative time points!*>#1820:21:2628-31 £ gp-
oups, which were all BMDCT studies, found temporal
improvement in AOFAS scores over the first 2-3 years
of post-operative follow-up with a mean decrease in
AOFAS score of 87.1 reported at a mean 41.8 mo
follow-up™?**31 In contrast, eight groups, including
four MACT and four BMDCT groups, demonstrated that
there were no deteriorations during a weighted mean
38—m0 f;O"ow_up[5,8,18,20,21,26,30].

Return to sport activity at previous level
Overall, eight studies (MACT: One study, AMIC: Two
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Table 7 Clinical outcome scores utilized in included studies 7 (%)

Score Studies, Procedure group
total MACT BMDCT AMIC Cartilage ECM ACIC Cell-free scaffold

AOFAS 25 (89) 12 (92) 9 (100) 4 (100) 0(0) 1 (100) 1 (100)
VAS 7 (25) 1(8) 2(22) 4 (100) 0(0) 1 (100) 0(0)
Tegner activity score 3 (11) 1(8) 0 (0) 1(25) 0 (0) 0 (0) 1 (100)
SE-36 2(7) 1(8) 2(22) 0(0) 0(0) 0(0) 0(0)
FFI 2(7) 1(8) 0(0) 1(25) 0(0) 0(0) 0(0)
FADI 1(4) 0(0) 0(0) 0(0) 1 (50) 0(0) 0(0)
HSS 1(4) 1(8) 0(0) 0(0) 0(0) 0(0) 0(0)
LEAS 1(4) 1(8) 0(0) 0(0) 0(0) 0(0) 0(0)
AHS 14 1(8) 0(0) 0(0) 0(0) 0(0) 0(0)
AAOS 14) 1(8) 0(0) 0(0) 0(0) 0(0) 0(0)
ARS 14) 0(0) 0(0) 1(25) 0(0) 0(0) 0(0)
Halasi score 1(4) 0 (0) 1(11) 0 (0) 0 (0) 0 (0) 0 (0)
Mazur ankle score 1(4) 1(8) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Cincinnati score 1(4) 1(8) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)

AAOS: American Academy of Orthopaedic Surgeons; AHS: Ankle-Hindfoot Score; AOFAS: American Orthopaedic Foot and Ankle Society; ARS: Activity
Rating Scale; FADI: Foot and Ankle Disability Index; FFI: Foot Function Index; HSS: Hannover Scoring System; LEAS: University of California Lower
Extremity Activity Scale; SF-36: Short Form-36 Health Survey; VAS: Visual analog scale.

studies, BMDCT: five studies) reported that a mean results across studies. These inconsistencies and general
68.3% of patients receiving scaffold-based therapy underreporting of data make it difficult to pool data, which
with mean lesion size of 250 mm? returned to previous furthermore makes it difficult to draw conclusions about
sport activity at previous leve|*®??829313234 Of the  effectiveness of the use of scaffold in the treatment for
MACT procedures, Giannini et al*" showed that 20 of 29~ OLT. As Hannon et a*® described, adequate reporting
patients (69%) returned to sport at previous levels. In of data in the studies of the treatment for OLT should be
patients treated with AMIC procedures, Valderrabano et required to perform high quality studies, and investigators
al*? reported only nine of 20 patients (45%) returned should be encouraged to implement data collection both
to previous sport activity level, and Wiewiorski et af** before and after surgery according to recommended list
also showed no significant difference when comparing described by Hannon et af*! in this review, the categories
preoperative and postoperative activity scores (ARS, of imaging data were reported in 73% of included
Tegner). BMDCT was the most reported in five studies, studies. Compared with reporting of outcome data on
and of these studies, 74.5% of patients were able to microfracture for OLT in the systematic review by Hannon et
resume sports at preinjury level, with a range of 69% to  af*”, imaging data was reported in only 39% among the
780! +828:2931] studies. However, this review showed a higher percentage
of reporting of imaging data (73%). Nevertheless, only
67% of studies used MRI for patient follow-up evaluation,
DISCUSSION although MRI evaluation for scaffold-based treatment of
The results from this systematic review demonstrate OLT is crucial because the aim of the use of scaffolds and

that recommendations for scaffold-based therapy based is generally believed to promote the subchondral bone
solely on evidence is not yet conclusive. In the current and cartilage repair. In addition, the categories of clinical
evaluation, 96% of included studies in which scaffold- variables and patient history were reported only with
based therapy was performed for the treatment of 49% and 30% respectively. As these data including BMI,
OLT were classified into the category of poor LOE. In lesion location, presence of cyst, associated pathology,

addition, of 28 included articles, no papers were of and concomitant procedures can have significant effect
good or better methodological quality. According to the on patient outcome, what is alarming is that appropriate
principles of evidence-based medicine®™, a high level information is not enough taken in the current studies.
of clinical evidence and good methodological quality Lesion size has been widely accepted as the most
are fundamentally warranted to treat patients because commonly used predictor of clinical outcomes after BMS
low LOE and QOE studies are more likely to show  for OLT"***, Choi et af*?' demonstrated that BMS should
overestimated outcomes compared to higher LOE and be indicated for lesions less than 150 mm?® and lesions
QOE studies™*". Careful attention therefore should be  greater than this value resulted in poor outcomes. More
paid when evaluating outcomes following the studies of ~ recently, Ramponi et a** suggested that BMS could
scaffold-based therapy for OLT. be best reserved for lesion size of less than 107.4 mm?
The results from the current systematic review demon- rather than 150 mm?®. In the current review, however,
strate large variability and underreporting of clinical data the mean lesion size treated with scaffolds was 215
between studies reflecting and inability to compare the mm?, which is much larger than traditional indication
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size for BMS or the most current new indication size of
107 mm?™, This suggests that the use of scaffolds may
further improve the potential of reparative techniques.
However, further well-designed studies are necessary to
determine the effectiveness of scaffold-based therapy on
OLT because of low LOE and QOE and the large variability
in the data.

Despite of high frequency of OLT in the athletic
population, little is reported regarding return to sport
following surgical treatment of OLT in this population. In
the current review, weighted mean 68.3% of patients
receiving scaffold therapy with weighted mean 250
mm? of lesion size returned to previous sport activity
at previous level in eight studies. There are no studies
investigating the effectiveness of BMS alone for athletic
populations who have large lesion as described above,
but Choi et al*” reported clinical failure rate in patients
with lesion area = 150 mm?® was 80%. Furthermore,
Chuckpaiwong et af*® reported a 97% of failure rate in 32
patients with a lesion area = 150 mm’. This suggests that
the use of scaffolds may provide better outcomes than
BMS alone for larger lesions but high quality studies are
warranted. On the other hand, in replacement procedures,
including autologous osteochondral transplantation,
which is generally indicated for larger lesions, several
studies reported that more than 90% of patients retumed
to play sport at previous levels**). Although there is
inconsistency in indications for the treatment strategy, the
rate of return to sport following scaffold-based therapy
appears to be relatively lower than AOT procedures. The
highest rate of retumn to sport after scaffold-based therapy
was only 78.0% in athletes treated with BMDCTEY,
However, there was variability of sport type, postoperative
rehabilitation protocol, and time to return to sport, which
makes it difficult to assess these results appropriately.

Our review found that there were 12 different sco-
ring systems used to assess clinical outcomes, with
AOFAS score being the most commonly used (89%).
However, there remains no validated scoring system
for the clinical follow-up for the treatment of OLT!'?.
Moreover, four BMDCT groups have shown that clinical
outcomes deteriorate after peaking at 2-3 year post-
operatively™?®#2! whereas four MACT and four BMDCT
groups have no deterioration during follow-up™®?820:21,26301,
A potential reason for these lags in clinical outcome data
may be the invalid dlinical evaluation methods after OLT
surgery in addition to the use of the different kinds of
scaffolds. A novel validated scoring system for the dinical
follow-up of the treatment for OLT are currently warranted.

The appropriate treatment for OLT is still contro-
versial. While the ideal procedure would regenerate a
tissue with biomechanical properties similar to normal
hyaline cartilage, reparative techniques can offer the
replacement of the articular cartilage with a hyaline-
like repair tissue. Scaffolds have been introduced to
improve the requirements of the cartilage regeneration
process, as ACI, the first generation approach for
cartilage treatment, has evident biological and surgical
limitations™*®!. In fact, the use of scaffolds has overcome
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the drawbacks and simplified the procedure. However,
any available substitute materials have not yet matched
the properties of the normal cartilage, and there is
no consensus about the superior effectiveness of
these procedures over the other procedures, including
replacement procedures. While the scaffold-based
treatment has shown promising clinical results in
numerous studies of case series, the current systematic
review showed low LOE and poor methodological
quality of the use of scaffolds for OLT. Further long-term
comparative studies are warranted to investigate the
potential of a bioengineered approach compared to other
treatments. Furthermore, the definitive indications for
this technique, including lesion size and character of the
lesion, still remains controversialt*,

This systematic review has several inherent limi-
tations and/or potential biases. The criterion was limited
to MEDLINE, EMBASE and Cochrane Library Database
articles published exclusively in English. The variables
may not be all inclusive of data in each study, but
they should be a representative summary of the most
commonly used data. Another inherent concern was the
overlapping of cohorts or subgroups of several cohorts
studies in longitudinal follow-up studies. Finally, the data
extraction was not performed blindly, but was performed
by two independent reviewers and later confirmed by the
lead author.

In conclusion, this systematic review demonstrated
that the scaffold-based therapy for the treatment of OLT
may produce favorable clinical outcomes, but low level
of evidence, poor quality of evidence, and the variability
of the data have confounded the effectiveness of
scaffold-based therapy for OLT. Further, well-designed
studies, are necessary to determine the effectiveness of
the use of scaffold for the treatment of OLT, especially
when compared to available traditional treatments.
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Recently scaffold-based therapy for osteochondral lesions of the talus (OLT)
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Scaffolds have been introduced to improve the requirements of the cartilage
regeneration process, as autologous chondrocyte implantation (ACI), the first
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treatment of OLT may produce favorable clinical outcomes, but low level
of evidence, poor quality of evidence, and the variability of the data have
confounded the effectiveness of scaffold-based therapy for OLT.

Terminology

Matrix-induced autologous chondrocyte transplantation is a second-generation
ACI technique, which uses a type 1 /II bilayer collagen membrane seeded with
cultured autologous chondrocytes. Autologous matrix-induced chondrogenesis
is a one-step scaffold-based therapy that combines bone marrow stimulation
with the use of a porcine collagen I /II matrix scaffold. Bone marrow-derived
cell transplantation is also a one-step procedure and is a combination of
concentrated bone marrow aspirate and scaffold material.
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Abstract

We report two cases where a proximal humeral locking
plate was used for the fixation of an extremely distal,
type I peri-prosthetic femoral fractures in relation to a
total knee replacement (TKR). In each case there was
concern regarding the fixation that could be achieved
using the available anatomic distal femoral plates due to
the size and bone quality of distal fragment. The design of
the Proximal Humeral Internal Locking System (PHILOS)
allows nine 3.5-mm locking screws to be placed over a
small area in multiple directions. This allowed a greater
number of fixation points to be achieved in the distal
fragment. Clinical and radiological short-term follow-up
(6-12 mo) has been satisfactory in both cases with no
complications. We suggest the use of this implant for
extremely distal femoral fractures arising in relation to the
femoral component of a TKR.

Key words: Distal; Femoral; Periprosthetic; Fracture;
PHILOS; Open reduction and internal fixation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: When dealing with periprosthetic fractures
around a total knee replacement it is essential to consider
the fracture site and configuration to allow selection of an
implant that provides optimal fixation. When managing
extremely distal femoral fractures a non-anatomic locking
plate, such as Proximal Humeral Internal Locking System,
may provide an option for fixation other than the available
site-specific plates.
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INTRODUCTION

Supracondylar periprosthetic femoral fractures around
total knee replacement (TKR) are uncommon injuries
with a reported prevalence in the literature of between
0.3% and 2.5%"", It is expected that these injuries
will become more common as the population ages and
an increasing number of TKRs are performed. Non-
operative treatment of these fractures results in poorer
outcomes and hence is reserved for minimally displaced
fractures in low demand patients with significant co-
morbidities™?.

A variety of operative treatment options exist,
including retrograde femoral nailing, open reduction and
internal fixation and revision arthroplasty. Perhaps the
most challenging fracture patterns are the extremely
distal peri-prosthetic femoral fractures. In these cases
internal fixation or revision arthroplasty may be re-
quired as retrograde nailing may not be possible due to
implant design or the inability to insert a locking screw
in the distal fragment. Outcomes in treating these
extreme distal fractures using femoral locking plates
have been comparable with more proximal fractures
treated in the same way™. One potential problem with
anatomically designed distal femoral locking plates is
the location and orientation of the screws, which may
not allow adequate fixation in the distal fragment in
these extremely distal peri-prosthetic femoral fractures.

Locking plates have been used successfully in proximal
humeral fractures. The Proximal Humeral Internal Lo-
cking System (PHILOS) (DePuy Synthes, Switzerland)
allows placement of 9 multi-directional locking screws
over a small area. We discuss the use of the PHILOS
in two elderly patients with very distal periprosthetic
supracondylar fractures with satisfactory outcomes at
short-term follow-up.

CASE REPORTS

Patient A

An 85-year-old female presented following a fall at
home with pain and deformity around her left knee.
She had undergone a left TKR four years previously. An
ipsilateral long-stem revision total hip replacement was
also noted. There was no other significant past medical
history. She lived in sheltered accommodation and was
independently mobile with the use of a single walking
stick. Radiographs of her left femur revealed a very
distal peri-prosthetic femoral fracture (Figure 1A).
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Patient B

An 85-year-old female presented with pain and deformity
around her left knee following a fall at home. She had
undergone bilateral TKR's 19 years previously. Significant
medical comorbidities were noted which included atrial
fibrillation and previous transient ischaemic attack,
anticoagulation with warfarin, hypothyroid disease and
polymyalgia rheumatica. She lived at home alone, with
input from her family twice daily. She was independently
mobile with the use of a rollator. Radiographs of her
left femur revealed a very distal periprosthetic femoral
fracture (Figure 2A).

Operative techniques

Both senior authors reviewed each case and the injury
radiographs. Pre-operative planning and templating was
performed using the Northern Ireland Picture Archive
and Communication System (Sectra AB, Sweden)
(Figure 1B and Figure 2B). For both cases, surgery
was performed under spinal anaesthesia and femoral
nerve block. A single dose of 2 g IV Flucloxacillin and
160 mg IV Gentamicin were administered at induction
of anaesthesia. A tourniquet was not used in either
case. A direct lateral approach to the distal femur
was performed in both cases. The fracture patterns
extended very distally in each case and also narrow
femoral shafts were noted. Taking these factors into
consideration, a 6-hole PHILOS plate was used allowing
optimal locking screw placement in the distal fragment
and placement of the plate on the lateral aspect of
the femur. Locking screws were placed in the distal
fragment in both patients. To avoid a stress riser in
Patient A the plate overlapped the distal aspect of the
hip replacement stem by at least two cortical diameters.
Three non-locking screws were inserted below the tip
of the stem and two cables passed at the area of over-
lap (Dall-Miles, Stryker, Switzerland). Patient B had five
diaphyseal screws inserted.

Both patients had uneventful peri-operative peri-
ods and were discharged day 8 post-operatively to
rehabilitation units for on-going physiotherapy and social
care. Immobilisation was achieved using a locked cast
brace and both patients were kept non-weightbearing for
six weeks followed by a period of partial weight bearing
with the brace unlocked. At 3 mo both patients were
allowed to mobilise bearing full-weight on the injured
side albeit with the use of a walking aid.

Outcomes

Patient A: At 6 mo follow-up, the patient was fully
weight bearing with the use of one crutch, with a range of
movement of 10-70 degrees. Radiographs demonstrated
bridging callus on both the AP and lateral views (Figure
1D). At 19 mo, the range of movement had improved
to 5-95 degrees and remained independently mobile.
Radiographs confirmed radiological union (Figure 1E).

Patient B: At 5 mo follow-up position has been main-
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Figure 1 Radiograph series of patient A. A: Anteroposterior and lateral injury radiographs; B: Templated anteroposterior radiograph showing proposed position of
implant; C: Anteroposterior and lateral radiographs with PHILOS plate image superimposed to show orientation of screws; D: Post-operative radiographs at 6 mo with
orientation of screws behind the femoral component shown in red; E: Anteroposterior and lateral radiographs at 19 mo post-op.

W

Figure 2 Radiograph series of patient B. A: Anteroposterior and lateral injury radiographs; B: Templated anteroposterior radiograph showing proposed position of
implant; C: Anteroposterior and lateral radiographs with PHILOS plate image superimposed to show orientation of screws; D: Post-operative radiographs at 5 mo with
orientation of screws behind the femoral component shown in red; E: Anteroposterior and lateral radiographs at 16 mo post-op.
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tained. Callus is present posteriorly (Figure 2D). Range
of movement 10-90 degrees. Has started progressive
weightbearing. At 16 mo, range of movement was 5-90
degrees and the patient mobilised independently with the
assistance of a walking frame. Radiographs confirmed
radiological union (Figure 2E).

DISCUSSION

Fractures within 15 cm of the joint line or 5 cm of the
proximal end of the femoral component of a TKR are
considered peri-prosthetic femoral fractures. These
fractures often occur in the setting of osteoporotic
bone with rheumatoid arthritis, chronic steroid use and
neurological disorders being established risk factors™,

Su et al'¥ suggested a classification system for these
injuries based on fracture site and the available surgical
options. Type I fractures are proximal to the femoral
component. Type 1I fractures originate at the proximal
aspect of the femoral component. These types were
considered amenable to retrograde femoral nailing or
fixation with a fixed angle device. In Type I fractures
all parts of the fracture line is distal to the anterior
flange of the femoral component. Revision arthroplasty
is one possible treatment, especially in the presence of a
loose femoral component. Fixation may also be possible
if the distal fragment allows placement of screws. Each
of the patients we have discussed had Type Il fracture
patterns.

A review performed by Ristevski et al” found fav-
ourable results with the use of retrograde intramedullary
nailing and locked plating over conservatively managed
fractures and those treated with conventional plating.
However, in many cases the choice of fixation technique
is influenced by factors such as the presence of a box in
the femoral component to facilitate retrograde nailing™,
distal extent of the fracture, availability of existing bone
stock and fix of the components. Good results have been
reported with the use of site-specific locking plates®®,
such as the Less Invasive Stabilization System (DePuy
Synthes, Switzerland).

Biomechanically, locking plates create a fixed-angle
single-beam construct’®. This provides relative stability,
allowing for secondary bone healing. Their use has been
shown to possess superior resistance to rotational strain
over both static and dynamically locked intramedullary
nails -3.8° for locking plates, vs 14.2° and 15.7° for
static and dynamic locking respectively™®. Locking
plate systems allow for even stress distribution along
the implant length, and the plates function to convert
shear forces into compressive forces at the screw bone
interface!'!).

The PHILOS has been used successfully in proximal
humeral fractures where similar problems with osteo-
porotic bone and small fracture fragments can exist™?.
Again, it has been shown to resist torsional and bending
forces more so than intramedullary nailing under cyclical
loading, which is comparative to normal in vivo phy-
siological functionality™**. Periprosthetic fracture resulting
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in primary implant failure is rare complication, with rates
quoted at 0.7%. The mechanical benefits of a PHILOS
locking plate in managing this injury pattern make it an
attractive implant option where longevity is required™?..
However, the PHILOS has not been studied for its use in
lower limb fracture management.

A study by Stein et at'® demonstrated that at any
age, women have smaller femora, with less cortical
bone and higher bone stresses than men. The PHILOS is
narrower than many of the specific distal femoral locking
plates and therefore may be a more appropriate fit for
smaller females, such as the cases discussed. The major
benefit we found of using the PHILOS was the design of
the plate, which allowed the placement of a maximum
of nine polyaxial divergent screws over a small area.
This allowed us to maximise our fixation in the distal
fragment.

In conclusion, we have shown that a PHILOS can be
considered as a viable treatment option for very distal
Type I fracture patterns with good short-term results in
low demand patients. Each case highlights the need for
careful consideration of the fracture configuration to allow
the treating surgeon to select an appropriate means of
fixation.

COMMENTS

Case characteristics
Two cases of 85-year-old females who both presented with pain and deformity
of their lower limb following a fall at home.

Clinical diagnosis

Pain and deformity about the knee was apparent, with localised swelling and
the inability to weight bear. Midline anterior scars in keeping with a previous
knee arthroplasty were evident.

Differential diagnosis
Periprosthetic fractures involving the distal femur or proximal tibia, fracture of
femoral diaphysis.

Laboratory diagnosis
All laboratory tests were within normal limits.

Imaging diagnosis

A periprosthetic fracture about the femoral component of a total knee
arthroplasty was evident on plain film radiographs. No additional 3D imaging
(i.e., computed tomography) was required.

Pathological diagnosis
A very distal periprosthetic femoral fracture.

Treatment

Open reduction and internal fixation of the fracture using a PHILOS locking
plate, using the ability to place polyaxial locking screws into the small distal
fragment, thereby maximising construct stability.

Related reports

Periprosthetic femoral fracture about a total knee arthroplasty are rare, and
several methods for managing these are reported in the literature. This case
is unique in that the distal fragment was too small to allow for a lateral LISS
femoral plate, nor did the implants allow for a retrograde intramedullary device
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to be used.

Term explanation
PHILOS is an acronym for Proximal Humeral Internal Locking Osteo-Synthesis,
and describes the locking screw nature of the internal implant.

Experiences and lessons

The use of the PHILOS for this particular fracture configuration is novel. The
authors have managed to use this in a rare, and challenging circumstance,
with success both in terms of radiological union and restoration of mobility
and function. Careful pre-operative planning, knowledge of available implants
and appreciation of fracture configuration is crucial in managing the very distal
femoral periprosthetic fracture about a total knee arthroplasty.

Peer-review

This is a nice paper. The idea for using PHILOS plate is very unique. This manuscript
presents a novel technique for the management of periprosthetic supracondylar
femoral fractures which deserves attention from the orthopaedic community in order to
be fairly judged.
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RETRACTION NOTE

Retraction note to: Iwamoto ], Sato Y, Takeda T,
Matsumoto H. Strategy for prevention of hip fractures in
patients with Parkinson’s disease. World J Orthop 2012;
3(9):137-141 PMID: 23173109 DOI: 10.5312/wjo.v3.
i9.137. The online version of the original article can be
found at https://www.wjgnet.com/2218-5836/full/v3/
i9/137.htm.

This meta-analysis article™ has been retracted at
the request of the Co-Editors-in-Chief, as a substantial
portion of the primary studies on which the review was
based [References 12, 14, 15] have subsequently been
retracted.

The Editors-in-Chief recently received communications
indicating that 3 of the 5 articles on which the study was
based upon were retracted, raising concerns about the
integrity of the meta-analysis and its findings. The Editorial
Office has conducted an investigation and has contacted
the authors conceming the allegation. The authors declare
that at the time the article was written, none-except for
Dr. Yoshihiro Sato were aware of the fact that the studies
subject to the analysis had been fraudulently conducted.
The authors have agreed to retract the article from the
Journal.
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