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Robotic exoskeletons: The current pros and cons
Ashraf S Gorgey

Abstract

Ashraf S Gorgey, Spinal Cord Injury and Disorders Center,
Hunter Holmes McGuire VAMC, Richmond, VA 23249, United
States

Robotic exoskeletons have emerged as rehabilitation
tool that may ameliorate several of the existing healthrelated consequences after spinal cord injury (SCI).
However, evidence to support its clinical application
is still lacking considering their prohibitive cost. The
current mini-review is written to highlight the main
limitations and potential benefits of using exoskeletons
in the rehabilitation of persons with SCI. We have
recognized two main areas relevant to the design of
exoskeletons and to their applications on major health
consequences after SCI. The design prospective refers to
safety concerns, fitting time and speed of exoskeletons.
The health prospective refers to factors similar to body
weight, physical activity, pressure injuries and bone
health. Clinical trials are currently underway to address
some of these limitations and to maximize the benefits
in rehabilitation settings. Future directions highlight
the need to use exoskeletons in conjunction with other
existing and emerging technologies similar to functional
electrical stimulation and brain-computer interface to
address major limitations. Exoskeletons have the potential
to revolutionize rehabilitation following SCI; however, it
is still premature to make solid recommendations about
their clinical use after SCI.
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Core tip: Robotic exoskeletons have emerged as re
habilitation tool for persons with spinal cord injury (SCI).
Clinical evidence related to applications of exoskeletons
is still lacking considering their prohibitive cost. Clinical
trials are currently underway to address some of these
limitations and to maximize their benefits in different
rehabilitation settings. Exoskeletons have the potential
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to revolutionize rehabilitation following SCI; however, it is
still premature to make solid recommendations about their
clinical use after SCI. The current mini-review highlights the
basic applications and limitations as well as future directions
regarding applications and exoskeletons.

maximizing rehabilitation outcomes or ameliorating
several of the health-related consequences following
SCI. However, clinical trials are underway to confirm
these benefits and to understand the underlying
mechanisms that lead to such improvement. Clinical
trials site (clinctrials.gov) indicated that out of 870
studies for SCIs, there are 28 studies (approximately
3%) addressing different applications of exoskeletons
in this population. These statistics may highlight our
limited knowledge and the need for additional clinical
trials to address the major limitations of exoskeletons.
The current use of robotic exoskeletons remains
investigational and premature to decide whether
exoskeletons are clinically effective in the rehabilitation
of persons with SCI. The primary focus of the current
review is to allow critical analysis of the available
research evidence and to encourage interdisciplinary
approach to advance the use of technology in clinical
settings. The rehabilitation community should not
be discouraged from the use of exoskeletons, but
rather to procced with caution regarding their clinical
applications. Moreover, the mini-review will provide
the reader with the current pros and cons regarding
exoskeletons and will summarize in a non-exhaustive
manner the theoretic or potential benefits after re
cognizing the primary limitations of exoskeletons. It
is not the intention of the current review to list types
or characteristics of different exoskeletons that were
[1]
recently published in details . The published work
provided details on the average cost per unit and clear
illustrations of different exoskeleton units available in
[1]
rehabilitation settings .

Gorgey AS. Robotic exoskeletons: The current pros and cons.
World J Orthop 2018; 9(9): 112-119 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v9/i9/112.htm DOI:
http://dx.doi.org/10.5312/wjo.v9.i9.112

INTRODUCTION
Robotic exoskeletons or powered exoskeletons are
considered wearable robotic units controlled by computer
boards to power a system of motors, pneumatics,
[1,2]
levers, or hydraulics to restore locomotion . The topic
of exoskeletons is timely given the number of devices
currently being studied as well as purchased by facilities
for rehabilitation purposes in medical centers or for home
[1-7]
use . Exoskeletons have emerged as an advantageous
rehabilitation tool for disabled individuals with spinal
[1]
cord injury (SCI) . Rehabilitation specialists, clinicians,
researchers, and patients welcome their use for over
[2-7]
ground ambulation . Compared to previously existing
locomotor training paradigms, exoskeletons may offer
a great deal of independence in medical centers and
communities including shopping malls, local parks and
movie theaters as well as improving the level of physical
[1-3]
activity . There is a pressing need for this population
to improve their levels of physical activity. This feature
may encourage continuous usage of exoskeletons in
conjunction with wheelchairs.

BENEFITS AND LIMITATIONS FROM THE
DESIGN PROSPECTIVE
Safety and efficacy of exoskeletons

CURRENT APPLICATIONS OF
EXOSKELETONS

From the clinical health-prospective, several reports
have demonstrated that exoskeleton training is safe and
likely to be used in different settings to encourage over
[1-7]
ground ambulation . A recent study that involved
nine European rehabilitation centers demonstrated
the safety, feasibility and training characteristics in
[6]
persons with SCI following 8 wk of training . Out of 52
participants, three dropped out following ankle swelling
and four presented with grade Ⅱ pressure injury but
[6]
managed to continue the study . Personal communication
indicated that fracture may occur at the distal tibia or
calcaneus bone during exoskeleton walking. Potential
health benefits have been highlighted for the use of
exoskeletons in rehabilitation settings, and studies
have examined the effects of exoskeletons on different
[1-9]
health-related outcomes . These studies provided
preliminary evidence on the efficacy of exoskeletons
on cardiovascular health, energy expenditure, body
composition, gait parameters, level of physical activity
[2-9]
and quality of life . Robotic exoskeletons may prove

Different brands of powered exoskeletons are now
commercially available for SCI rehabilitation with
[1-7]
different levels of injury . However, there is still a
limited accessibility to exoskeletons in clinical settings,
partly because of their prohibitive cost and the high
level of training required before supervising individuals
with SCI. Despite these limitations, limited research
and anecdotal evidence support the use of exoskeleton
to improve quality of life and health related medical
[1-3]
conditions after SCI . Previous excellent reviews have
summarized and highlighted the potential benefits of
using exoskeleton for rehabilitation of persons with
[2-4]
SCI . It is crucial before expanding the applications
of exoskeletons that we carefully analyze the available
research and clinical evidence regarding this technology.
Considering the limited data and/or small sample size
of the current published studies, it is premature to draw
solid conclusions about the efficacy of exoskeletons in
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an attractive rehabilitation tool not only to restore
locomotion but also to improve the level of physical
[6,7]
activity years after injury . Robotic exoskeletons may
decrease seated time, increase standing and walking
time as well as social engagements with family and
[6,7]
friends . Decreased sitting time is likely to ameliorate
several of the health-related consequences that negatively
[10-15]
impact this population
.

wide motor learning capabilities.

Speed and community ambulation

Exoskeletons offer a range of varying speed and most
are characterized by a modest speed that is slightly
greater than 0.2 m/sec, which may impede their general
[2,3,5]
use in the community
. Others have demonstrat
ed that speed may exceed 0.7 m/sec especially in
[5]
persons with incomplete SCI . The slow speed may
preserve balance and prevent frequent falling; however,
ambulation speed may increase following continuous
training. In a case report, we demonstrated the ability
of a person with C5 complete SCI to increase his
[7]
walking speed to 0.4 m/sec . Gaining confidence and
securing balance are motor learning strategies that
influence walking speed. Most of these brands were
primarily tested indoors on tiled surfaces and walking
on uneven terrains may impose additional challenges to
persons with SCI. Currently, there are two brands that
have received Food and Drug Administration approval
[5,8]
for personal use . Compared to wheelchairs, these
brands are still not adequate to provide ambulation on
muddy, pebbles, rainy and/or snowy terrains. This may
impede their applications in other states or countries
having roads or weather conditions not suitable for
locomotion with exoskeletons. Development of lighter
materials for exoskeletons may facilitate increasing
the speed for community ambulation. Current existing
brands weigh 50-66 lbs, which may be a hurdle for
some individuals with SCI to carry or lift for transportation
[3-9]
compared to ultralight wheelchairs . Other brands
have different components and can be broken down
[8]
and carried separately . Future designs should focus
on choosing highly durable materials that provide less
weight and allow faster speed without compromising
balance after SCI. Moreover, it is highly recommended
to design water-proof brands that can facilitate walking
in different weather conditions or on uneven terrains.

Fitting time across different brands

Most of the current brands require special measurements
to custom fit participants before donning/doffing. This
may require special adjustments for persons with SCI in
case there is leg length discrepancy, pelvic obliquity, sever
muscle wasting or even highly sensitive skin; which may
require up to 2-3 sessions to accomplish this task (e.g.,
[1-9]
Rewalk and Ekso) . Different brands have different
donning/doffing strategies which may range from 10
to 30 min to safely fit subjects before walking (e.g.,
Indego). After completion of the initial measurements
of the participants, exoskeleton fitting may require
at least 1 h to safely complete the required checklist
steps before standing up and walking. This is usually
preceded with detailed physical examination to safely
screen participants for eligibility. The detailed physical
examination will make a safe clinical decision prior to
including or excluding any participants in the program.
After fitting sessions, the time needed to adjust devices
to custom fit each participant may also interfere with
future training sessions. This has the potential to limit the
allotted training time set for each subject as covered by
his/her medical insurance. Other available brands have a
shorter fitting time and may be as simple as measuring
the length from greater trochanter to the knee joint
followed by measuring the length from the knee joint to
[8]
the heel of the patient . Moreover, most of the available
brands require transfer to the mat or transfer to pianotype chair to accomplish the fitting purpose which may
increase the risk of falling. Many SCI participants with
limited hand functions or push-down performance may
not be candidates for this technology because of difficulty
[1,5-7]
in achieving safe transfer
. Therefore, future brands
need to consider shorter fitting time and allow fitting
in wheelchairs without the need to transfer from one
place to another. Indego exoskeleton was successful
in designing their product into parts that can be easily
assembled together while the participants were still in
their wheelchairs. This is likely to cut the fitting time and
provide safe accessibility to the community. Another
aspect is that some brands (e.g., Rewalk) may require
higher intellectual capabilities to perform and learn
weight shifting and stepping in order to walk or navigate
thresholds or carpets. This motor learning capability may
vary from one patient to another and may require 3-5
d of continuous training to grasp this procedure. As the
technology advances, different manufactures will develop
their products to be simply fitted to the participants in a
short time and provide variable options for persons with

WJO|www.wjgnet.com

BENEFITS AND LIMITATIONS FROM
HEALTH PROSPECTIVE
Exoskeletons and levels of SCI

Persons with tetraplegia represent 55% of the SCI
[16]
population . The current technology (Ekso) is FDA
approved to be used for those with C7 and below SCI,
primarily because of safety concerns. The level of injury
cut-off was set because reasonable hand functions
are required to hold the assistive device (walker or
crutches) and to initiate weight shifting during stepping
and walking. Lack of appropriate hand grip may
eliminate a considerable number of this population
from benefitting from this technology. This means
that a large segment with C1-C5 level of injury may
be ineligible to benefit from this technology. Another
brand (REX) has emerged to address this issue and
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[7]

allows running the machine with a joystick or controller
[17,18]
without relying on the participants’ hand functions
;
however, this brand is still not FDA approved and its
speed is very limited, less than 0.1 m/sec, to initiate
any recognized cardiometabolic benefits compared to
a regular standing frame. However, the brand can offer
other benefits similar to ambulatory exercise and upper
[18]
body exercise in upright position . This technology
may be beneficial to those with C4-C8 level of SCI or
even higher level of injury similar to cases diagnosed
with locked-in syndrome. Compared to other approved
brands, the REX exoskeleton does not require a two or
four point assisted device. In other approved brands, it
is crucial to have reasonable hand functions to initiate
walking using a controller, to control the assistive
device, to help shifting body weight and to provide
balance in the standing position. Proactive means of
using platforms walker or other devices (e.g., hand
splints) are warranted to overcome this problem and
to provide safe accessibility in large segment of SCI
population despite their level of injury.

mass in a person with T4 complete SCI .

Exoskeletons and physical activity

Physical inactivity is a key feature following SCI,
which is likely to lead to a sedentary lifestyle and
[12,20-22]
increased sitting time
. Prolonged sitting time
has been shown to be an independent risk factor for
cardiovascular disease, cancer as well as a factor for
[10]
increasing all-cause mortality . A very important
point that needs to be considered is low metabolic cost
during exoskeleton training. Cardio-respiratory fitness
is used as a key feature to determine overall health and
inverse relationships were noted between VO2 max and
cardiovascular disorders, insulin resistance and type 2
[23]
diabetes mellitus . Recently released ISCOS guidelines
recommended that persons with SCI engage in at
least 20 min of moderate to vigorous intensity aerobic
exercise three times per week to improve cardio[20]
respiratory fitness . This supports the notion adopted
by other organizations and research groups on the
significance of increasing the level of physical activity to
[10,21,22]
decrease chronic disease risk factors after SCI
. It
is unclear whether exoskeleton locomotion may induce
this moderate intensity training, but it can definitely
decrease sitting time and improve parameters of physical
activity as demonstrated by increasing number of steps,
[6,7]
duration and distance of walking .
According to the World Health Organization, physical
activity is defined as the bodily movement resulting
from muscle actions that increases energy expenditure.
Exoskeletons provide bodily passive movement of the
lower extremity without muscle contraction. This is likely
to be accompanied with low oxygen uptake and energy
[7]
expenditure during exoskeleton ambulation . Therefore,
incorporating functional electrical stimulation (FES) in
conjunction with exoskeleton training may be an effective
strategy to offset this problem by initiating muscle
[24,25]
contraction and increasing energy expenditure
.
Currently, hybrid exoskeleton brands may offer this
feature; however, studies are currently underway to
prove the effectiveness of this combination in persons
with SCI. The combination of FES and robotic control is
a challenging issue, due to the non-linear behavior of
muscle under stimulation and the lack of developments
[24,25]
in the field of hybrid control
. The hybrid system may
overcome electromechanical timing delays and muscle
fatigue as well as balance muscular and robotic actuation
during walking.

Exoskeletons and body weight / body composition

Two-thirds of persons with SCI are either overweight
[15]
or obese . Exoskeletons may facilitate waging the
war on obesity syndrome after SCI by helping to
decrease sitting time, increase level of physical activity
and improve parameters of body composition after
SCI. However, the existing technology is only limited
to those with body weight less than 100 kg (220 lbs).
This may exclude a considerable number of individuals
from benefitting from this technology. The weight
cut-off may motivate SCI participants to engage in
effective dietary plans and participate in SCI wellness
and exercise programs to maintain a healthy body
weight. Anecdotal evidence supports this notion, several
persons with SCI started a rigorous diet program to lose
weight after initially being disqualified from enrolling
because of exceeding the body weight cut-off limit
recommended by the manufacture. Further studies are
warranted to investigate whether exoskeleton training
may independently help persons with SCI to lose weight
especially decreasing percentage of whole body and
regional fat mass.
Another important consideration is whether exo
skeleton training is likely to improve parameters of body
composition as indicated by decreased fat mass and
increased fat-free mass. Decreased fat mass is likely
to improve parameters of cardio-metabolic health after
[11]
SCI . A recent report demonstrated that improvement
in cardio-metabolic health is tightly associated with
positive body composition characteristics compared to
[19]
parameters of physical activity . There is still limited
evidence to support the positive effects of exoskeleton
ambulation on parameters of body composition. A recent
case report demonstrated that 15 wk of exoskeleton
training resulted in decreased body mass by 6 kg
including 2 kg loss in fat mass and 4 kg loss in fat-free
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Exoskeletons and range of motion

Joint contractures at the hips, knees and ankle joints are
another problem that is likely to disqualify participation
[26]
from exoskeleton training program . Persons with
SCI need to attain hip extension range of motion within
10-15 degrees and knee extension with less than 10
degrees flexion in supine or standing position with
[1-9]
ankle joints in neutral position . Participants who fail
to attain this range of motion may be encouraged to
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participate in a stretching program to improve muscle
flexibility around these joints. This may include the use
of standing frame or application of a dyna-splint around
the knee joint to provide soft tissue stretching for long
[26]
duration . An extensive stretching program may take
up to 6 mo to gain 6-10-degree improvement in the
range of motion. Because of disuse after high level
SCI, persons may also suffer from joint contractures or
tenodesis grasp, which may likely limit their ability to
use assistive devices and failure to evoke weight shifting
during exoskeleton ambulation. Therapists may need to
be proactive and use a platform walker or help cuffing
the hand to the assistive device to overcome these
problems. It is worth noting that maintaining functional
range of motion during locomotion is essential for neurorecovery following SCI. Compared to other forms of
walking similar to knee-ankle foot orthosis (KAFO) or
hip-knee-ankle-foot orthosis (HKAFO), exoskeleton
ambulation may facilitate natural recovery over en
couraging compensatory techniques of using trunk
muscles following SCI. However, further studies are still
warranted to support this assertion.

exoskeleton.
Recommendations based on early evidence suggest
2
that a BMD below 0.6 g/cm of the knee joint (i.e.,
distal femur and proximal tibia) or T-scores less than
3.5 standard deviations at the hip joints or femoral
neck can be used as cut-offs to exclude individuals
from participating in standing activities. This is likely
to exclude a considerable number of participants from
engaging in exoskeleton training programs. Moreover,
these cut-offs do not guarantee certainty that fracture at
[27-29]
any of these sites may not occur
. Bone biomarkers
have been previously used in rehabilitation programs to
[30]
highlight these activities . These biomarkers are not
widely introduced and underutilized in clinical settings.
Therefore, it is highly recommended that all persons
with SCI undergo DXA scans for knees and hips as well
as X-ray at the ankle joints prior to exoskeleton training.
It is essential to conduct X-ray exam at the ankle joints
to assess participants’ risk of fracture at the distal tibia
or calcaneus bone during standing or walking training
with exoskeleton. Moreover, evidence-based guidelines
need to be established on what clinical biomarkers
should be utilized to decrease the risk of bone fracture.
It is still unclear, based on available evidence, whether
incorporating pharmacological intervention with or with
out neuromuscular electrical stimulation can alleviate
the problem of osteoporosis after SCI.

Exoskeletons and bone health

Sixty percent of individuals with SCI suffer from
osteopenia or osteoporosis; a progressive disease that
leads to bone loss, especially in the distal femur and
[27]
proximal tibia . Bone remodeling and demineralization
is a continuous process and it is a function of both
osteoblastic and osteoclastic activities. The pattern of
bone loss in persons with SCI differs from other clinical
population and it is commonly referred to as neurogenic
[14]
osteoporosis . Bone loss occurs sublesionally at a rapid
rate and approaching 1% of bone mineral density per
[27-29]
week
. Most of bone loss occurs within the first 12
to 24 mo after SCI and reaches steady state within
[27-29]
3-8 years post-injury
. Furthermore, persons with
SCI are likely to experience lower extremity fracture
that may require close to several months to one year
to re-initiate weight bearing using a standing frame
or any other assistive devices. The high susceptibility
of fracture in these regions may lead to other health
consequences following immobilization similar to joint
contractures and pressure injuries. Imaging techniques
are now available to provide clinicians with insights
regarding bone health after SCI. These techniques
include X-rays, dual energy X-ray absorptiometry (DXA),
quantitative computed tomography (CT), magnetic
[27]
resonance imaging (MRI) . The first two techniques
provide two-dimensional assessment of bone health
and the latter ones provide 3-dimensional volumetric
assessment of bone architecture. A recent review has
clearly demonstrated the differences among imaging
approaches in highlighting the risk of fractures after
[27]
SCI . Longitudinal monitoring of bone health in
persons with SCI has become a crucial element for any
rehabilitation program. This may ensure safe standing
and weight bearing prior to locomotion programs including
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Exoskeleton and pressure injuries

It is well documented that 70%-75% of persons
with SCI experience pressure injuries during their
lifetime with dramatic changes in their skin structures
that are likely to break down with a minimal amount
[31,32]
of shear
. This should make us cautious about
choosing the appropriate candidate, utilizing their past
medical history to identify those likely to benefit from
exoskeleton use without exposure to such shear stress.
Powered exoskeletons are likely to have straps to help
maintaining static and dynamic posture during standing
[17]
and walking . With diminished sensation and impaired
peripheral circulation, these straps are likely to cause
excessive shear to the surrounding soft tissues and may
[17]
lead to pressure injuries . To circumvent this problem,
researchers developed pressure sensors to monitor
pressure exerted by physical human-machine inter
faces and provide feedback about levels of skin/body
[17]
pressure in fastening straps . These pressure sensors
are likely to protect against ischemia and necrosis by
maintaining pressure in range of 30-35 mmHg to allow
for adequate circulation or below 50 mmHg to main
[17]
tain tissue oxygenation . Pressure heat maps were
recently measured in one person with SCI performing
exoskeleton locomotion. The authors highly suggested
that thigh straps may induce pressures ranging from
80-120 mmHg while performing upright locomotion.
Anecdotal unpublished evidence supports that extensive
strapping may result in cyst formation at the pressure
[17]
site . Therefore, clinicians working with exoskeletons
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need to check different pressure skin zones especially
when working with complete SCI.

power wheelchair soccer or other activities. This is likely
to provide competitions among the available brands and
increase their popularity in recreational settings.
Future directions may need to consider a number of
research questions including the effects of exoskeleton
training on acute compared to chronic injury and
weather early use is likely to attenuate or slow the
changes that occur in body composition after SCI. A
recent study demonstrated that those with an acute
injury (< 1 year) showed improvement in parameters
of gait function by 36% compared to only 3% for those
[6]
with chronic injury . Moreover, it is still unclear whether
exoskeleton training can be used as a task specific
training to reinforce neural plasticity and recovery of gait
especially in persons with incomplete SCI. Implementing
the exoskeleton technology with electrical stimulation,
epidural stimulation and brain-computer interphase
[33]
(BCI) may be available features in future brands .
This may provide the end-user with a control over the
robotic limbs via the use of electrical stimulation, BCI or
[30,31,33,34]
both
. The technology of the exoskeleton is likely
to evolve as more partnerships developed to produce
future generations that are likely to be lighter and
faster. Moreover, robotic exoskeletons may need to be
considered within developmental stages to help children
[35,36]
with SCI and other clinical population
. This is highly
important to provide early weight bearing and avoid
postural abnormalities or deformities. The National
Institutes of Health just released an attempt to help kids
with cerebral palsy to walk on their feet and prevent
[35,36]
crouched gait
. As cheaper brands of exoskeletons
become available, participants may continue to use
them in conjunction with wheelchairs because of their
recognized benefits on spasticity, physical activity, bowel
movement and quality of life after SCI.

FUTURE DIRECTIONS IN EXOSKELETON
AMBULATION
Current challenges facing community use

The transition from hospital setting to rehabilitation
use or community ambulation requires the need of a
[1,5]
well-trained caregiver . It is likely to be challenging
for persons with SCI to identify a dedicated caregiver,
who is willing to dedicate the time and effort to support
their partner during exoskeleton ambulation. Work
related commitment, divorce, liability in case of falling
or injury have been identified as precluding factors to
having a committed caregiver. Moreover, it is the total
responsibility of a certified exoskeleton trainer to provide
hands-on training for the caregiver and ensure that the
patient is safe before getting released in the community.
There is increased prevalence of SCI with aging; as a
result of falling or cervical myelopathy that may prevent
baby-boomers with SCI to benefit from this technology.
Their next of kin is likely to be older or unable to provide
the time to be qualified as a trained caregiver. Designing
systems that do not require or decrease reliance on a
caregiver may be an advantageous future goal in the
rehabilitation of persons with SCI.

The cost and standard wheelchair

Finally, the current cost of this equipment is prohibitive
and may interfere with accessibility in the developed
countries as well as less developed parts of the
world. The cost may drop with increased numbers
of emerging brands and studies demonstrating their
efficacy. However, policy makers and governments
need to determine whether the technology deserves
wide spread application such that medical insurance
can offer an exoskeleton unit per patient similar to
a wheelchair. As of now, it remains unclear whether
this emerging technology offers benefits beyond the
existing standard of care, such as a regular wheelchair
or a standing frame. Current research is underway
to answer these questions. It should be noted that
someone who has been in a wheelchair for 20-30 years
may not be willing to make daily lifestyle changes
to adopt the new technology. Current technology
may offer accessibility in the community, but it is still
limited in its ability to navigate special terrains, climb
stairs, or move in water. It has yet to be determined
whether persons with SCI are willing to compromise
his/her comfort zone of using his daily wheelchair over
experiencing the luxury of ambulating in a costly robotic
suit. From the recreational point of view, recreation
programs may need to encourage community trips
using exoskeletons to help increasing public awareness
and facilitate their use in conjunction with wheelchairs.
It is highly recommended to encourage exoskeleton
sports during the annual wheelchair games similar to
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CONCLUSION
The current review may raise the awareness of the
SCI community about the use of exoskeletons in the
rehabilitation of persons with SCI. We should strive for
an interdisciplinary team approach to provide greater
accessibility to this technology and further our knowledge
on how to expand its use to the general population of
SCI by overcome some of the existing limitations that
were highlighted. Exoskeletons may improve several
physiologic and psycho-somatic outcomes. Moreover,
it is time to establish round table discussions including
individuals with SCI (consumers), government and
health policy makers, researchers and rehabilitation
specialists to develop rigorous plans for the future of
exoskeletons. As our knowledge and experience increase,
more individuals with SCI should become eligible to gain
the benefits of this promising technology.
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Abstract
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AIM
To evaluate the treatment of osteonecrosis of the femoral
head (ONFH) with the use of vascular endothelial growth
factor (VEGF).

Core tip: Osteonecrosis of the femoral head (ONFH)
is a painful disorder which usually results in hip
joint destruction. Although the pathogenic process
is poorly understood, ON is the final condition that
completes an already precarious microcirculation of
the FH by traumatic and non-traumatic causes. Since
vascular endothelial growth factor (VEGF) regulates
numerous cellular events associated with angiogenesis
and osteogenesis, we evaluated, in an experimental
model of ONFH in canines if the local treatment with
VEGF leads to bone tissue remodeling and new bone
formation at the necrotic site, and subsequently to
reversal of ON.

METHODS
In 30 mature beagles (6 groups of 5 beagles) ONFH
was induced cryosurgically and one of the following
solutions was administered locally in the femoral head
(FH) in each group: Single injection of 500 μg VEGF
(t-VEGFμ group); single injection of 500 ng VEGF
(t-VEGFn group); continuous delivery of 500 μg VEGF
through osmotic micropump (t-VEGFpump-μ group);
continuous delivery of 500 ng VEGF through osmotic
micropump (t-VEGFpump-n group); single injection of
0.9% sodium chloride (t-NS group), while one group that
served as control group did not receive any local solution
(No-t group). FHs were retrieved 12 wk postoperatively,
underwent decalcification and hematoxylin/eosin and
toluidine blue staining. In two canines per group, one half
of FH was processed without decalcification and stained
with modified Masson Trichrome. Histological sections
were observed by light microscopy and measured with a
semi-automatized bone histomorphometry system and
Bone Volume/Total Volume (BV/TV), Marrow Volume/
Total Volume (MaV/TV), and Trabecular Thickness (TbTh)
were assessed. Standard and robust tests (Welch, Brown
Forsythe) of analysis of variance along with multiple
comparisons, were carried out among the categories.

Dailiana ZH, Stefanou N, Khaldi L, Dimakopoulos G, Bowers
JR, Fink C, Urbaniak JR. Vascular endothelial growth factor for
the treatment of femoral head osteonecrosis: An experimental
study in canines. World J Orthop 2018; 9(9): 120-129 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v9/i9/120.
htm DOI: http://dx.doi.org/10.5312/wjo.v9.i9.120

INTRODUCTION
Osteonecrosis (ON), also known as avascular necrosis
(AVN), is defined as a pathologic process that results
from a crucial disruption of blood supply to the bone
and elevated intraosseous pressure. Ischemic injury
subsequently leads to the degradation of the organic
elements of the bone and the marrow and usually
results in a collapse of subchondral bone in the femoral
[1-3]
head (FH) . Also, numerous studies have emphasized
the association of multiple risk factors, including alcohol
consumption, glucocorticoids, trauma, autoimmune
diseases, thrombophilia, genetic and metabolic
[4,5]
components with secondary ON . A process of repair
is initiated at the necrotic - adjacent intact trabeculae
interface by fibrovascular tissue invasion and osteoclasts
activation followed by a temporary osteoblastic activity,
but unless the lesion is small, this repair procedure
is usually ineffective. The structural collapse of the
osteonecrotic segment indicates the progressive course
of the disease, leads to osteoarthritis of the hip joint in
young adults and up to now total hip replacement is
[6]
predestinate in the long term .
Early diagnosis and management aims to suspend
the process of joint destruction through enhancement
of bone repair and bone renewal. In the early stages
of ON there are surgical alternatives to restrain the
progressive destruction of the subchondral bone such
as core decompression, osteotomy, non-vascularized or
vascularized bone grafting, which might be enhanced

RESULTS
The untreated (No-t) group had signs of osteonecrosis,
whereas the VEGF groups revealed reversal of the
osteonecrosis. Statistical analysis of the decalcified
specimens revealed a significantly better BV/TV ratio
and a higher TbTh between the VEGF treatment
groups (except the t-VEGFn group) and the No-t group
or the control t-NS group. Single dose 500 μgVEGF
group had significantly better BV/TV ratio and higher
TbTh when compared to the No-t group (50.45 ±
6.18 vs 29.50 ± 12.27, P = 0.002 and 151.44 ± 19.07
vs 107.77 ± 35.15, P = 0.161 respectively) and the
control t-NS group (50.45 ± 6.18 vs 30.9 ± 6.67,
P = 0.004 and 151.44 ± 19.07 vs 107.14 ± 35.71,
P = 0.151 respectively). Similar differences were
found for the prolonged VEGF delivery/pump groups
of 500 μg and 500 ng. Analysis of the totality of
specimens (decalcified/non-decalcified) enhanced the
aforementioned differences and additionally revealed
significant differences in the comparison of the TbTh.
CONCLUSION
In an experimental model of ONFH in canines it was
found that local treatment with VEGF leads to bone
tissue remodeling and new bone formation.
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[6-12]

with the use of growth and differentiation factors
.
Recently, scientists introduced the use of cell-based
strategies to enhance osseous regeneration by the
application of multipotent mesenchymal stem cells
(MSCs), endothelial progenitor cells (EPCs), and
osteochondral auto- and allografts in a variety of in vivo
[10-11,13]
and ex vivo processing
. Furthermore, promising
osteogenic growth factors, investigated for their bone
healing potential, such as bone morphogenetic proteins
(BMPs), transforming growth factor-β1 (TGF-β1),
hepatocyte growth factor (HGF) and vascular endothelial
[10,14,15]
growth factor (VEGF)
, received attention the past
decades.
As bone is a highly vascularized tissue, angiogenic
cytokines are essential components during the healing
process of the necrotic FH. Among them, VEGF has
shown its vital role, in a paracrine and autocrine manner,
as a specific endothelial cell mitogen and a promoter
[16,17]
of angiogenesis
. It is the major endothelial cell
survival factor that is required for effective coupling
of angiogenesis and osteogenesis in the bone micro
environment. Reconstructing local microcirculation and
increasing blood vessel density are essential parameters
for effective bone regeneration, the major objective of
[18,19]
bone tissue engineering
. Furthermore, it has been
suggested that the inhibition of the VEGF downregulates
the extracellular matrix remodeling and bone formation
[20]
in animal models . Thus, it is not surprising that a
recent meta-analysis clarified an association between
[21]
VEGF polymorphisms and the risk of the FH necrosis .
It seems that several molecular pathways regulate
the balance between osteoclasts and osteoblasts and
determine the rate of bone remodeling. Thus, considerable
effort, using in vitro and in vivo models including animal
models, has been directed towards understanding the
effect of growth factors and transcription factors on bone
resorption and formation. Through the last decades it was
well established that VEGF is a crucial part of the wide
network of the molecules regulating osteoinduction on
the femoral head like BMPs, leptin, hypoxia - inducible
[22-25]
factor (HIF) and their target genes
. Under these
considerations, an experimental model of cryosurgicallyinduced ONFH in canines was used to assess the
power of our hypothesis that VEGF could be a crucial
therapeutic factor for bone tissue remodeling and
reversal of osseous degradation during the treatment of
ON.

postoperatively. Under absolute aseptic conditions a
cryoprobe (CMS Accuprobe 620, Cryomedical Sciences
Inc, Rockville, MD) was inserted in the FH through a
drill hole extending from the lateral subtrochanteric
region to the subchondral bone of the FH. A freezing
o
[26]
lesion was created by a freeze (-180 C) - thaw cycle .
Subsequently, the necrotic area of the FH was either left
untreated or treated with local delivery of VEGF (rhVEGF,
Genentech Inc, South San Francisco, CA) or 0.9%
sodium chloride (normal saline, NS). NS was injected in
a single dose of 1 mL, while VEGF was either injected in
a single dose of 500 μg (in 1 mL) or 500 ng (in 1 mL) or
administered continuously in the necrotic area with the
use of an osmotic micropump (ALZET osmotic pumps,
ALZA Corporation, Palo Alto, CA), in a dose of 500 μg or
500 ng, delivering 5 μL/h over a period of 14 d.
The beagles were assigned to 6 groups of 5 canines
each: Untreated ONFH (No-t group), ONFH treated with
NS (t-NS group), ONFH treated with a single injection
of 500 μg VEGF (t-VEGFμ group), ONFH treated with
a single injection of 500 ng VEGF (t-VEGFn group),
ONFH treated with 500 μg VEGF delivered through a
pump (t-VEGFpump-μ group), ONFH treated with 500
ng VEGF delivered through a pump (t-VEGFpump-n
group). The procedure lasted less than one hour and
was tolerated very well by the animals which were
weight - bearing the first postoperative hours.
The canines were euthanized at 12 wk. All FHs were
retrieved and fixed in 10% neutral buffer formalin for
24 h, cut in half in the frontal level using low-speed
diamond sawing machine (IsoMet-Buehler). One half
underwent decalcification with neutral EDTA solution pH
7, dehydrated and embedded in paraffin. Sections (5
μm thick) were stained with hematoxylin and eosin (H
and E) (Figures 1A, 2A and 3A), as well as toluidine blue
(TB) (Figures 1B, 2B and 3B). In two canines per group
(with the exception of the t-NS group) the other half of
the retrieved FH was processed without decalcification,
dehydrated, embedded in methylmethacrylate, sectioned
with Polycut Model microtome (Leica, Heidelberg,
Germany), and stained with modified Masson Trichrome
(MT). Histological sections were observed by light
microscopy and measured with a semi-automatized bone
histomorphometry system using OsteoMeasure software
(Interactive measure system for bone histomorphometry,
Osteometrics, Atlanta, GA) and the following values
were assessed: Bone Volume/Total Volume (BV/TV),
Marrow Volume/Total Volume (MaV/TV) and Trabecular
Thickness (TbTh), at the subchondral area (above the tip
[27]
of the tunnel created for the insertion of the cryoprobe) .
The 4 groups treated with VEGF (t-VEGFμ, t-VEGFn,
t-VEGFpump-μ, t-VEGFpump-n) were compared with
each other, with the group treated with normal saline
(t-NS) and with the untreated group (No-t).

MATERIALS AND METHODS
After approval from the Institutional Animal Care and
Use Committee, cryosurgically-induced ON of the right
FH was established in 30 mature beagles (6 groups
[26]
with 5 specimens) . The canines were sedated with
Acepromazine and anesthetized with iv injection of
Thiopental. Anesthesia was maintained with endotracheal
intubation and inhalation of isoflurane, while a Fentanyl
patch provided analgesia during the procedure and
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Statistical analysis

Means and standard deviations were used to describe
the values of BV/TV, MaV/TV and TbTh across the
categories studied. Standard, as well as robust tests
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Figure 1 Cryosurgically-induced osteonecrosis of the femoral head (No-t group). The specimen was retrieved 12 wk postoperatively. A: Cancellous lamellar
bone (T) with empty bone lacunae (L) marked with arrows, and fibrotic/loose connective tissue marrow space (F), indicating osteonecrosis (Obj. × 10, H and E); B:
Lamellar compact bone (Lm) of cortical type, in between spaces filled with adipose tissue (A). The absence of nuclei in osteocyte’s lacunae (L) (marked with arrows)
indicates that the bone is necrotic (Obj. × 10, TB).

A

vT

T

B
vT

M

Figure 2 Osteonecrosis of the femoral head treated with a single injection of 500 μg vascular endothelial growth factor (t-VEGFμ group); specimen
retrieved 12 wk postoperatively. A well-formed cancellous bone network with thickened lamellar trabeculae is visible, while the in between spaces are filled with
normal marrow cells (M). A: Newly formed (vT) were noticed on the surface of the trabeculae (T) (Obj. × 10, H and E). B: Almost all trabeculae’s (T) surface is covered
by newly (vT) formed bone (Obj. × 10, TB).

A

B
vT

A

vT

Figure 3 Osteonecrosis of the femoral head treated with prolonged delivery of 500 μg of vascular endothelial growth factor through a pump (t-VEGFpump-μ
group). At 12 wk postoperatively, a well-formed trabecular network is visible, with slightly thickened lamellar trabeculae, and normal marrow cells and adipose tissue (A)
in between. A: Few trabeculae are covered by newly formed bone (vT), the presence of nuclei in lacunae is noticed (Obj. × 10, H and E); B: New bone (vT) formation
is observed on the surface of some trabeculae (Obj. × 10, TB).

(Welch, Brown Forsythe), of analysis of variance along
with multiple comparisons under the Tukey’s HSD
criterion, were carried out to detect statistically sig
nificant differences among the categories. Statistical
significance was set at 0.05 and the SPSS v21.0 was
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used for the analysis of the data.

RESULTS
The untreated group had signs of osteonecrosis (Figure
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Table 1 Bone volume/total volume and trabecular thickness mean values across the different groups (decalcified specimens)

BV/TV
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total
TbTh
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total

N

mean

SD

P -value vs No-t

P -value vs t-NS

P -value vs t-VEGF-n

5
5
5
5
5
5
30

29497
30902
35220
48250
47077
50450
40233

12265
6672
5256
6869
4677
6181
11039

NS
NS
0.006
0.011
0.002

NS
NS
0.013
0.023
0.004

NS
NS
NS
NS
0.036

5
5
5
5
5
5
30

107776
107149
108195
142307
156875
151445
128958

35146
35711
19986
28107
21965
19065
33361

NS
NS
0.380
0.088
0.161

NS
NS
0.361
0.082
0.151

NS
NS
NS
NS
0.168

Statistically significant differences for BV/TV are provided as estimated after the Tukey’s HSD criterion while non-significant differences and denoted as
“NS” or not shown. The same P-values are reported for TbTh for comparative reasons. BV/TV: Bone volume/total volume; TbTh: Trabecular thickness;
VEGF: Vascular endothelial growth factor; NS: Not significant.

1A and B), whereas the treatment groups revealed
reversal of the osteonecrosis (Figures 2A and B, 3A
and B) except the group treated with NS, that served
[26]
as control . Statistical analysis was performed in
the decalcified specimens (5 samples per group).
An additional analysis was performed in the totality
of specimens (5 decalcified and 2 non-decalcified; 7
samples per group except of the t-NS group where only
5 decalcified were included). Analysis of the decalcified
specimens revealed a significant difference in the
BV/TV and MV/TV ratio (BV/TV and MV/TV ratios are
complementary) between the VEGF treatment groups
(apart of the t-VEGFn group) and the untreated (No-t)
group or the t-NS control group (Table 1). A nonsignificant difference of the trabecular thickness (TbTh)
was observed between the VEGF (apart of the t-VEGFn)
treatment groups and the untreated (No-t) group or the
t-NS control group (Table 1).
Group t-VEGFμ had significantly better BV/TV ratio
and higher TbTh when compared to the untreated
group (No-t) (P = 0.002 and P = 0.161 respectively)
and the control t-NS group (P = 0.004 and P = 0.151
respectively) (Table 1, Figure 2A and B). Analogous
differences were found for the groups t-VEGFpump-μ (P
= 0.011 and P = 0.088 respectively for comparison with
the No-t group; P = 0.023 and P = 0.082 respectively
for comparison with the t-NS group) (Figure 3A and
B) and t-VEGFpump-n (P = 0.006 and P = 0.380
respectively for comparison with the No-t group; P =
0.013 and P = 0.361 respectively for comparison with
the t-NS group). The only group with different behaviour
was the t-VEGFn group with similar responses to the
No-t group for the BV/TV ratio and the TbTh (P = 0.823
and P = 1 respectively) and the control t-NS group (P =
0.937 and P = 1 respectively) (Table 1, Figures 4 and 5).
When the different VEGF treatment groups were
compared to each other, there was a hierarchic
response concerning the BV/TV ratio as following:

60

50

BV/TV

40

30

20

10
No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

t-VEGFμ

Group

Figure 4 Comparative boxplot of the bone volume/total volume values
across the different groups for the decalcified specimens. BV/TV: Bone
volume/total volume; VEGF: Vascular endothelial growth factor.

200

175

TbTh

150

125

100

75

No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

t-VEGFμ

Group

Figure 5 Comparative boxplot of the trabecular thickness values across
the different groups for the decalcified specimens. Higher box and whiskers
stand for higher TbTh values. TbTh: Trabecular thickness; VEGF: Vascular
endothelial growth factor.
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Table 2 Bone volume/total volume and trabecular thickness mean values across the different groups on the totality of specimens
(decalcified and non-decalcified)

BV/TV
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total
TbTh
No-t
t-NS
t-VEGFn
t-VEGFpump-n
t-VEGFpump-μ
t-VEGFμ
Total

N

mean

SD

P -value vs No-t

P -value vs t-NS

P -value vs t-VEGF-n

7
5
7
7
7
7
40

26739
30902
38853
47485
44634
48005
39863

11135
6672
7591
7009
6638
6573
11013

NS
NS
< 0.001
0.002
< 0.001

NS
NS
0.011
0.053
0.008

NS
NS
NS
NS
0.27

7
5
7
7
7
7
40

97891
107149
120315
147738
149884
148194
129597

33316
35711
26799
28295
22642
16770
33360

NS
NS
0.020
0.014
0.018

NS
NS
0.145
0.111
0.137

NS
NS
NS
NS
0.42

Statistically significant differences are provided as estimated after the Tukey’s HSD criterion while non-significant differences and denoted as NS or not
shown. The same P-values are reported for TbTh for comparative reasons. BV/TV: Bone volume/total volume; TbTh: Trabecular thickness; VEGF: Vascular
endothelial growth factor; NS: Not significant.

t-VEGFμ > t-VEGFpump-n > t-VEGFpump-m > t-VEGFn,
with a significant difference between the t-VEGFμ and
t-VEGFn groups (P = 0.036) (Table 1). Analysis of the
totality of specimens enhanced the aforementioned
differences and also revealed significant differences also
in the comparison of the TbTh (Table 2).
Group t-VEGFμ had significantly higher BV/TV ratio
and TbTh when compared to the untreated group
(No-t) (P = 0.000 and P = 0.018 respectively). When
compared to the control t-NS group the differences
were higher or significantly higher (P = 0.008 and P
= 0.137 respectively for the BV/TV and TbTh) (Figure
2A and B). Analogous differences were found for
the groups t-VEGFpump-μ (P = 0.02 and P = 0.014
respectively for comparison with the No-t group; P =
0.053 and P = 0.111 respectively for comparison with
the t-NS group) (Figure 3A and B) and t-VEGFpump-n (P
= 0.000 and P = 0.020 respectively for comparison with
the No-t group; P = 0.011 and P = 0.145 respectively
for comparison with the t-NS group). The t-VEGFn
group had with similar responses to the No-t group for
the BV/TV ratio and the TbTh (P = 0.067 and P = 0.649
respectively) and the control t-NS group (P = 0.520 and
P = 0.962 respectively) (Table 2, Figures 6 and 7). The
hierarchic responses were the same with the decalcified
analysis (Table 2).
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No-t

t-NS

t-VEGFn

t-VEGF
pump-n

t-VEGF
pump-μ

t-VEGFμ

Group

Figure 6 Comparative boxplot of the bone volume/total volume values
across the different groups for the decalcified and non-decalcified
specimens. BV/TV: Bone volume/total volume; VEGF: Vascular endothelial
growth factor.
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Osteonecrosis of the FH is a multifactorial disease
affecting mostly young individuals (average age 35-50),
leading to a subchondral bone infarct and to FH collapse
and finally to the destruction of the hip joint. Among all
controversial pathogenic mechanisms of ON, ischemic
injury, which results from interruption of the blood
supply and lack of oxygen, appears to be the most
convincing. Decreased blood flow is followed by death of

t-VEGFμ

Group

Figure 7 Comparative boxplot of the trabecular thickness values across
the different groups for the decalcified and non-decalcified specimens.
Higher box and whiskers stand for higher TbTh values. TbTh: Trabecular
thickness; VEGF: Vascular endothelial growth factor.
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Figure 8 Diagram summarizing potential interactions of vascular endothelial growth factor related to bone tissue healing in femoral head osteonecrosis.
VEGF: Vascular endothelial growth factor; HIF: Hypoxia–inducible factor; EPO: Erythropoietin; TNF: Tumor necrosis factor; IL: Interleukin.

bone and marrow elements. A process of repair is then
initiated by fibrovascular tissue invasion and osteoclasts
activation, followed by a temporary osteoblastic activity,
but unless the lesion is small, this repair process is
usually ineffective leading to eventual collapse of the
architectural bony structure of the FH and loss of hip
[1,2,4]
joint function
.
Core decompression is considered the gold standard
technique for the treatment of pre-collapse, early stage
ON (ARCO Ⅰ-Ⅱ) of the FH and reveals superior clinical
outcome in comparison with non-operative treatment
[6,10]
alternatives
. Other surgical options may include
rotational osteotomy, non-vascularized and vascularized
bone grafting, which might be enhanced with the use
of growth and differentiation factors and anterograde
osteochondral reconstruction in advanced, post-collapse,
[6-11,28]
. As the treatment
stages of ON (ARCO Ⅲ-Ⅳ)
of osteochondral defects in advanced stages of ON
remains an unresolved issue in orthopedic surgery most
young patients usually resulting in the terminal option
[6,12]
of the total hip arthroplasty
.
In order to overcome the disadvantages of traditional
therapies, scientists promote bone tissue engineering
techniques for achieving effective bone regeneration and
successful osteoinduction. It has been well established
that the growth, development and maintenance of bone
are highly regulated processes, which at the cellular
level involve the coordinated regulation of osteoblasts
and osteoclasts. Several molecular pathways regulate
the balance between osteoclasts and osteoblasts and
determine the role of bone remodeling. Osteoclastic
activity appears to be modulated by cytokines released
by osteoblasts. Numerous osteogenic growth factors
such as BMPs, TGF-β1, erythropoietin (EPO), platelet derived growth factor (PDGF) and granulocyte colony-
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stimulating factor (G-CSF) have been proposed as target
[10,11,29,30]
molecules for enhancing the osteoinduction
.
Blood supply is undoubtedly the absolute goal for any
tissue engineering manipulation of the musculoskeletal
[22,31]
system and osteonecrotic bone
. It is well understood
that the reconstruction of the local microcirculation is
[18]
prerequisite for effective bone regeneration . Since
angiogenesis and osteogenesis are highly coupled
and VEGF is one of the most important growth factors
for the regulation of vascular development we can
easily recognize it as a pivotal regulator of bone
[32]
repair . VEGF as a proinflammatory, angiogenic and
osteogenic cytokine regulates osteoblastic activity by
stimulating crosstalk between endothelial, osteoblastic
and hematopoietic cells in a paracrine manner and
it directly affects osteoblast functions via autocrine
[18,33]
mechanisms
. Moreover, the multipotent role of the
VEGF in the bone environment includes the regulation
of maturation and differentiation of osteoclasts, the
recruitment of MSCs and osteoprogenitor cells, the
promotion of the osteogenic differentiation of MSCs and
[22,34]
finally cartilage formation and resorption
. All these
studies demonstrate that the bone regeneration process
in the osteonecrotic microenvironment could be affected
by manipulation of VEGF levels (Figure 8).
In the present study the influence of the commonly
accepted as an angiogenic factor-VEGF on osteogenesis
was investigated in an experimental model of ONFH,
in mature beagles. Our results indicate that the
experimental model of osteonecrosis is reliable and
leads to uniform and reproducible osteonecrosis of the
[26]
FH in the canines . The surgical technique is relatively
easy and minimally invasive, leading to decreased
duration of the procedure and for that is well tolerated
by the animals. Other benefits of this canine animal
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use of a combination of growth factors and manipulat
ed progenitor cells to enhance bone repair and bone
[15,22-24,35,39,40]
renewal
.
In summary, in an experimental model of ONFH in
mature beagles it was found that the treatment with
VEGF leads to bone tissue remodeling and new bone
formation at the osteonecrotic site and subsequently
to reversal of ON. This study however, has some limi
tations; it is an experimental study in canines, and in
addition, the induction and treatment of ONFH (with local
infusion of VEGF) are almost simultaneous procedures.
Although local VEGF administration is known to promote
angiogenesis and enhanced new bone formation in ONFH
in our study, future studies should further investigate,
in a variety of experimental conditions, the role of VEGF
as a key molecule and essential player for therapeutic
strategies targeting bone reconstruction, so that an even
transition to clinical trials may be achieved.

model are the low costs of rearing, the nature of the
species as a representative of mammals, their body size
that allows accurate surgical treatment and radiographic
guidance or surveillance and the fact that can be
achieved histological patterns which are similar to those
of humans.
Moreover, we demonstrated that the use of the
VEGF affects in a positive and dose dependent
manner the necrotic bone and induces the process of
osseous regeneration. Since now it is well established
by numerous studies that there are strong indications
of a cellular and molecular pattern of angiogenic[18,19,22]
osteogenic coupling
. The restoration of bone
vascularity is an absolute parameter in the process of
osteoinduction, which is the target of any therapeutic
agent against osteonecrosis in the FH. As VEGF acted
in a dose dependent manner we conclude that the
optimal amounts of VEGF are critical for the therapeutic
outcome and probably depend on the size of the
necrotic area. The levels of exogenous VEGF for its
adequate activity are probably determined by both
the type of cells in which it acts and the production of
endogenous VEGF in them.
Taking into account that the analysis of the totality of
specimens (decalcified and non-decalcified) magnified
the differences between the subgroups we conclude that
the healing interaction of the VEGF over the osseous
tissue refers not only to the organic but to the inorganic
fraction of the bone matrix too. This is important as the
bone matrix serves as a reservoir for osteogenic growth
factors which are pivotal collaborators of VEGF during
[10,35]
bone repair
. It is essential for every therapeutic
agent against ONFH to achieve a good quality of bone
tissue during osseous regeneration.
Traditional administration of growth factors is limited
by their relatively short half-lives and potential side
[34]
effects . VEGF has a short half-life of 6-8 h, which
means that controlled and more sustained delivery
[19]
could be required to ensure its efficient activity .
Under all these considerations we administered VEGF
continuously in the necrotic FH with the use of an
osmotic micropump over a period of 14 d but without
transcendent outcome in comparison with single dose
injection. It seems that a high single, initial dose is
superior for the bone defect repair in this animal model
and that may reveal that VEGF has a nodal role at early
stages of the osteonecrotic bone healing procedure.
The optimal delivery model of VEGF needs to be further
studied. Utilizing a well-designed delivery system, like
specific slow release scaffolds or gene delivery projects
may better achieve bone regeneration and improve
its therapeutic effect by stabilizing it against rapid
[22,35-37]
degradation
.
The results of previous studies supported that the
[29,38]
vascular network induced by VEGF alone is immature
.
There is obviously a wide network of molecules regulat
ing bone regeneration such as BMPs, leptin, HIF, TGF,
IGF and EPO. Even if VEGF is sufficient to improve
revascularization, recently scientists introduced the

WJO|www.wjgnet.com

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Numerous studies have emphasized the association of multiple risk factors,
including alcohol consumption, glucocorticoids, trauma, autoimmune diseases,
thrombophilia, genetic and metabolic components with secondary osteonecrosis
(ON). ON of the femoral head (FH) is a debilitating disease that usually leads to
osteoarthritis of the hip joint in young adults and up to now total hip replacement
is predestinate in the long term.

Research motivation

Early diagnosis and management aims to suspend the process of joint
destruction through enhancement of bone repair and bone renewal. In the
early stages of ONFH there are surgical alternatives to restrain the progressive
destruction of the subchondral bone such as core decompression, osteotomy,
non-vascularized or vascularized bone grafting. This study extended the
prospect of use growth and angiogenic factors for the process of repair at the
necrotic trabeculae of the FH.

Research objectives

The main aim of this research project was to evaluate the treatment of ONFH
with the use of vascular endothelial growth factor (VEGF).

Research methods

An experimental model of cryosurgically-induced ONFH in canines was used to
assess the power of our hypothesis that VEGF could be a crucial therapeutic
factor for bone tissue remodeling and reversal of osseous degradation during
the treatment of ON. VEGF (2 different doses of 500 μg and 500 ng) was either
injected in a single dose or administered continuously in the necrotic area
with the use of an osmotic micropump, while in a control group 0.9% sodium
chloride (NS) was injected in the necrotic area.

Research results

The untreated group had signs of ONFH, whereas the treatment groups
with VEGF revealed reversal of the osteonecrosis, except the group treated
with NS, that served as control. These findings demonstrate that the bone
regeneration process in the osteonecrotic microenvironment could be affected
by manipulation of VEGF levels.

Research conclusions

We demonstrated that the use of the VEGF affects in a positive and dose
dependent manner the necrotic bone and induces the process of osseous
regeneration. Since now it is well established by numerous studies that there
are strong indications of a cellular and molecular pattern of angiogenic-
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osteogenic coupling. The restoration of bone vascularity is an absolute
parameter in the process of osteoinduction, which is the target of any
therapeutic agent against ONFH.

12

Research perspectives

In a reproducible experimental model of ONFH in mature beagles it was found
that the treatment with VEGF leads to bone tissue remodeling and new bone
formation at the osteonecrotic site and subsequently to reversal of ON. Besides
that, the optimal delivery model of VEGF needs to be further studied. Utilizing
a well-designed delivery system, like specific slow release scaffolds or gene
delivery projects, may potentially lead to better bone regeneration and improve
VEGFs therapeutic effect by stabilizing it against rapid degradation. Even if
VEGF is sufficient to improve revascularization, recently scientists introduced
the use of a combination of growth factors and manipulated progenitor cells to
enhance bone repair and bone renewal. Although local VEGF administration
is known to enhance new bone formation in ONFH in our study, future studies
should further investigate, in a variety of experimental conditions, the role
of VEGF as a key molecule and essential player for therapeutic strategies
targeting bone reconstruction, so that an even transition to clinical trials may be
achieved.
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Abstract
AIM
To investigate the structural and functional characte
ristics of palmar hypodermal tissue vascularization
in Dupuytren’s contracture patients of different age
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groups.

times less than that in the older group. Both
age groups were characterized with constrictive
arterial remodeling, especially the younger group,
but quantitative signs of compensatory capillaroand arteriologenesis were more prominent in the
younger group.

METHODS
Eighty-seven Dupuytren’s contracture patients
underwent partial fasciectomy. Twenty-two of them
were less than 55 years old (Y-group, n = 22); the
others were 55 and older (O-group, n = 65). In
surgically excised representative tissue samples,
a histomorphometric analysis of the perforating
arteries of the palmar aponeurosis and stereologic
analysis of hypodermis vascularity were performed.
The method of laser flowmetry estimated the
microcirculation of the skin of the palm.

Shchudlo N, Varsegova T, Stupina T, Dolganova T, Shchudlo M,
Shihaleva N, Kostin V. Assessment of palmar subcutaneous tissue
vascularization in patients with Dupuytren’s contracture. World J
Orthop 2018; 9(9): 130-137 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i9/130.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i9.130

RESULTS
Frequency of cases with rapid development of
contracture (less than 5 years) was 13.6% in
the Y-group and 40% in the O-group, P < 0.05.
The external and luminal diameters of perforating
arteries in palmar fascia were decreased more
severely in Y. The thickness of intima increased
three times compared with healthy control, and the
intima/media relation also increased, especially in
O. Increased numerical and volumetric micro-vessel
densities in hypodermis, percentage of large vessels
(more than 12 µm in diameter), and percentage of
vessels with signs of periadventitial inflammatory
infiltration were noted in Y. The percentage of
vessels with adventitial fibrosis was greater in O
than in Y. Base capillary flow in Y was increased
compared to healthy control subjects and to O, and
peak capillary flow was increased in comparison
with control.

INTRODUCTION
Dupuytren’s disease (palmar fascial fibromatosis) relates
to fibro-proliferative pathology of unknown cause that
affects predominantly palmar and digital fasciae, limits
finger extension, and causes a progressive contracture
of metacarpophalangeal and interphalangeal joints
and persistent hand deformity. The prevalence of the
disease in different countries varies significantly and
is caused by geographic factors, ethnic peculiarities,
[1]
age, and gender population composition . In most of
countries, it affects mainly men over 40 years old. Risk
factors for Dupuytren’s contracture remain a topic of
discussion. The independent role of alcohol, smoking
and the aggravating effect of their combination, the
role of chronic traumatization during manual labor,
[2,3]
and effects of vibration have been proven . The main
mechanisms of pathogeny are expression of genes,
[4]
controlling fibrosis and tissue remodeling , vessel
narrowing, tissue hypoxia, and formation of free radicals
[5]
[6]
and active forms of oxygen , reactive inflammation .
Pathologically changed tissues in Dupuytren’s
contracture represent fibromatosis nodules and chords
with different microscopic structures. Nodules are
characterized by increased vascularity and abundant
fibroblasts, and among them there are plenty of
myofibrolasts with contractile properties; cords contain
less cellular elements and are relatively avascular
but rich in collagen. Transforming growth factor β is
considered the main modulator of myofibroblast trans
[7]
differentiation . Palmar fascial fibromatosis is a kind of
[8]
reactive proliferation, but not like tumor processes ,
[9]
although it was characterized by infiltrative growth
in hypodermis, dermis, tendons sheaths, and joints
capsules. On the other hand, in the skin and hypodermis
of Dupuytren’s contracture patients, high expression
[10]
of stem cells markers was revealed . Stem cells are
considered an additional source of fibroblasts and
myofibrolasts proliferation. Laminin-rich blood vessels
[11]
also act as the centers of myofibrolasts proliferation .
Substantial differences in genes expression were
noted in the hypodermis but not in skin of Dupuytren’s
[12]
contracture patients compared to healthy individuals .

CONCLUSION
Compared to the O-group, Y-group patients exhibited
more severe constrictive remodeling of palmar
fascia perforating arteries supplying hypodermis
but more expressed compensatory changes of its
capillarization.
Key words: Dupuytren’s contracture; Laser Doppler
flowmetry; Hypodermis; Histo-morphometry; Palmar
fascia
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study comparing
the incidence of quick development of Dupuytren’s
contracture (less than 5 years) and peculiarities
of palmar hypodermal tissue vascularization and
microcirculation in two age groups of patients
undergoing partial fasciectomy. The quantitative
characteristics of palmar fascia perforating arteries
remodeling, the hypodermal adipose tissue
vascularization, and skin microcirculatory flow in
patients with Dupuytren’s contracture depending
on age were represented for the first time. In
patients younger than 55 years, the incidence
of rapidly progressive contracture was two, nine
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In type 2 diabetes, the severity of insulin resistance is
[13,14]
determined by changes in vascularity of hypodermis
.
A characteristic feature of Dupuytren’s contracture
[9]
tissues is plenty of young vessels , but the influence
of tissue vascularization on the course of the disease is
unclear. There are contradictory reports regarding the
impact of patient’s age on disease onset, progression,
[15,16]
and recurrence
. Vascularization of hypodermis in
Dupuytren’s contracture patients of different age groups
has not been studied. The aim of our research is to
investigate the structural and functional characteristics of
palmar hypodermal tissue vascularization in Dupuytren’s
contracture patients of different age groups.

Figure 1 Assessment of skin microcirculation in patient with Dupuytren’s
contracture using laser Doppler flowmetry and local ischemic test.

MATERIALS AND METHODS
volume fraction in a series of histological sections. The
percentages of vessels with signs of periadventitial
inflammatory infiltration and periadventitial fibrosis were
determined. In digital images of transverse sections of
perforating palmar aponeurosis arteries (magnification
500 ×), their outside diameters, lumen diameters, wall
thickness, intima thickness, and media thickness were
measured and intima/media ratio was counted. Patients
with acute hand wounds (n = 3) were used as the source
of small tissue samples from normal palmar aponeurosis.

Patient’s characteristics

At the FSBI Russian Ilizarov Scientific Center, 236
patients with Dupuytren’s contracture were operated on
2013 through 2018. Age of the patients ranged from 27
to 84 years. All of them gave prior informed consent for
surgery. The study protocol was approved by the ethics
committee of the institution. At the time of surgery, in
most cases, the contracture matched the stages 2-3
[9]
according to R. Tubiana classification, but four patients
had stage 4. The inclusion criteria included histologically
confirmed clinical diagnosis of Dupuytren’s contracture
and detailed anamnesis morbi in the case report. The
exclusion criterion was the acute trauma of the hand in
anamnesis. For clinical characteristics, the following data
were taken into account: age, sex, duration of clinical
signs of fibromatosis, bilateral affection and number of
fingers with impaired function, and comorbid conditions.

Laser doppler flowmetry

Assessment of microcirculation of skin tissues was
carried out using laser doppler flowmetry (LDF) with
a BLF 21 monitor (Transonic System Inc., Ithaca, NY,
United States), calibrated according to manufacturer’s
recommendations. The apparatus was equipped with
a standard fiber separation probe (0.25 mm) and laser
wavelength of 780 nm with a measurement depth of
0.5-1.0 mm. The method of LDF examines vessels of
the microcirculatory bed, located in the dermis and
hypodermis. The probe was placed on the palmar
surface of the hand (Figure 1) on areas of pronounced
fibromatosis (bases of Ⅳ-Ⅴ fingers) and fastened with
a double-sided adhesive membrane. Measurements of
LDF were expressed in arbitrary units of perfusion (PU).
To study the mechanisms involved in the regulation
of tissue blood flow, a local ischemic test including the
installation of an occlusive cuff on the forearm was
performed. After registration of capillary flow at rest
(microcirculatory flow base - MFB) and after 3 min
of ischemia (microcirculatory flow peak - MFP), the
index of peak microcirculatory blood flow was counted:
IMFP = MFP/MFB × 100% - percentage of increase in
capillary blood flow after cuff release. Time of hyperemic
response - from the moment of cuff release to maximal
growth of capillary blood flow, velocity of hyperemic
response - velocity of growth of microcirculatory flow
from the moment of cuff release to maximal capillary
blood flow, time of half-recovery, speed of half-recovery,
time of full microcirculatory blood flow recovery,
duration of hyperemic response, and the intensity (area)

Histological analysis

Tissue samples of pathologically changed palmar
aponeurosis with hypodermis from 87 patients were
fixed in a mixture of 20 g/L solutions of glutaraldehyde
and paraformaldehyde in phosphate buffer (рН 7.4)
adding 1 g/L picric acid. Then according to standard
protocols, samples were embedded in paraffin. For
preparation of histological sections (thickness 5-7
μm), the Reichert microtome (Vienna, Austria) was
used. Sections were stained with hematoxylin-eosin,
Masson’s trichrome method was used for collagen,
and Weigert-van Gieson’s was used for elastic fibers
selective evaluation. Digital images of the fields of view
of the photomicroscope “Оpton” (Oberkochen, Germany)
were obtained using the “DiaMorph” hardwaresoftware complex (Moscow, Russia). Histomorphometry
was performed with the PhotoFiltre and “VT-MasterMorphology” programs (VideoTest, St. Petersburg,
Russia). From each tissue sample, 30 visual fields were
obtained (magnification 200 ×). Using the electronic
version of the test grid for point-counting method the
percentage of adipocytes, numerical and volumetric
vessels densities were assessed. Numerical density
is the number of blood vessels profiles per unit area
of histological section; volumetric density is their
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Table 1 Characteristics of Dupuytren’s contracture patients (n = 87) n (%)
Parameter

Value

Demographic characteristics
Age (M ± σ) (min-maх)
Male:Female relation
Status localis
Frequency of bilateral affection
Duration of disease, years – (min-max) - Me (Q1; Q3)
Level of contracture – (min-max) - Me (Q1; Q3)
Number of fingers with impaired function (Min-max) - Me (Q1; Q3)
Comorbid conditions
Arterial hypertension
Ischemic heart disease
Chronic cardial insufficiency
Postinfarction cardiosclerosis
Diabetes type 2
Chronic obstructive pulmonary disease
Chronic hepatitis
Neuritis of the auditory nerve
Urolithiasis disease
Obesity
Extremal active smoking

(59 ± 10) (24-83)
8:01
28 (32, 18)
(0.5-20) - 5 (4; 10)
(2-4) - 2.5 (2; 3)
(1-8) - 2 (1-2)
41 (47.1)
5 (5.7)
3 (3.4)
2 (2.3)
4 (4.6)
6 (7.8)
6 (7.8)
4 (4.6)
2 (2.3)
2 (2.3)
7 (8.0)

of the hyperemic response were also defined.

preparations, along with arteries of a typical structure
(Figure 2A), there are arteries in the state of constrictive
remodeling that differ from normal by a significant
narrowing of the lumen. In some cases, such arteries
are characterized by pronounced fibrosis of adventitia
and contraction of the muscular layer (Figure 2B) but
preserved integrity of the internal elastic membrane. In
the luminal lining of such arteries, there are only single
neo-intimal cells - modified smooth muscle cells. In
other cases, the narrowing of the lumen of remodeled
arteries is due to the presence of a pronounced poly
morphic cell neo-intimal layer (Figures 2C and E). The
specific coloration of elastin allowed for visualization of
damage to the internal elastic membrane (Figure 2D),
which were residual fragments of the old (pre-existing)
internal elastic membrane, and a network of newly
formed elastic fibers in the thickness of the neo-intima
(Figure 2F).
The hypodermal tissue adjacent to the surface
layer of the palmar aponeurosis was characterized
by increased vascularization. Thick-walled capillaries
were located singly (Figure 3A) or in the form of
clusters. Perivascular spaces were often infiltrated
with inflammatory cells (Figure 3B), which in some
cases formed continuous multicellular cuffs (Figure 3C
and D). In some loci of the hypodermis, pronounced
perivascular fibrosis (Figures 3C, E and F), replacement
of fat cells with collagen deposits, and perivascular
clusters of fibroblasts were evident (Figure 3F).
With morphometric analysis, it was established
that the outer diameter and diameter of the lumen
of the perforating arteries of the palmar aponeurosis
were reduced in comparison with the control in both
Dupuytren’s contracture groups, but this reduction
was greater in the Y-group than the O-group (Table 2).
The thickness of the artery wall was also increased in
comparison with the control, but this increase was greater

Statistical analysis

After obtaining the parameters of descriptive statistics,
all samples of quantitative data were evaluated for the
normality of distribution using the Shapiro-Wilk test.
For some samples, the normality hypothesis was not
confirmed. The majority of quantitative characteristics
were represented in tables in the form of medians and
quartiles [Me (Q1; Q3)]. The hypothesis of differences
was tested using non-parametric Wilcoxon and
Mann-Whitney criteria and exact Barnard test with a
significance level of 0.05. For all statistical treatments,
the software package Attestat Program (version 9.3.1,
developed by Gaidyshev IP, Certificate of Rospatent
official registration No. 2002611109) was used.

RESULTS
Patient’s characteristics

General characteristics of Dupuytren’s contracture
patients are presented in Table 1. Out of 87 patients,
22 (25.3%) noted the first symptoms of palmar
fibromatosis at the age of less than 50 years and were
younger than 55 at the time of surgery (Y-group). The
remaining 65 patients were aged 50 years and older
at disease onset and they were 55 and more years
old at the time of surgery (O-group). These groups
differed in the frequency of cases, with a rapidly
progressive development of contracture (less than 5
years) in Y-group 13.6% and in O-group 40.0% (P =
0.029161528). The incidence of cardiovascular diseases
in the Y-group was 27.3%, and in the O-group 61.5% (P
= 0.001772739).

Histological findings

According to microscopic examination of histological
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A

B

C

D

E

F

Figure 2 Transverse paraffin sections of palmar fascia perforating arteries from Dupuytren’s contracture patients. A: Almost normal structure of perforating
artery; B: Adventitial fibrosis, constriction of media and deformity of artery lumen; C: Artery with thick neointimal layer; D: The same artery with breakdown of internal
elastic laminae evident due to specific elastin staining (dark brown); E: Extreme lumen narrowing due to neointimal thickening; F: Residual fragments of old internal
elastic laminae newly formed elastic fibers in the neointimal layer. Staining: Hematoxylin-eosin (A, B, C, E); Weigert - van Gieson (D, E). Magnification 200 ×.

B

A

D

C

E

F

Figure 3 Fragments of hypodermis paraffin sections from Dupuytren’s contracture patients. A: Thick-walled capillaries in adipose tissue of hypodermis; B:
Inflammatory infiltration of vascular pool; C: Multilayered round-cellular cuff outside the narrowed vessel; D: Perivascular and intramural infiltration with lymphocytes
and macrophages; E: Pronounced perivascular fibrosis; F: Collagen deposits and perivascular clusters of fibroblasts. Staining: Hematoxylin-eosin. Magnification 200 ×.

extent in the O-group. Both groups are characterized by
a reliable approximately three-fold increase in intimal
thickness, statistically insignificant thinning of the medial
layer, and an increased intima/media thickness ratio

WJO|www.wjgnet.com

compared to control. Intima thickness and intima/media
thickness ratio were significantly greater in the O-group
than in the Y-group.
The Y-group was characterized by a higher content
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Table 2 Morphometric characteristics of palmar fascia perforating arteries in healthy control and Dupuytren’s contracture groups [Me
(Q1/Q3)]
Group/parameters
Diameter
of artery (μm)
Lumen
diameter (μm)
Wall thickness (μm)
Thickness
of intima (μm)
Thickness
of media (μm)
Intima/media thickness
ratio

Healthy control n = 3

Y-group (< 55 yr of age) n = 8

O-group (≥ 55 yr of age) n = 19

412.8
(351.43/506.31)
243.15
(223.07/326.52)
89.03
(65.97/88.88)
8.41
(7.80/0.82)
58.45
(44.01/60.28)
0.18
(0.12/0.24)

31566 (306.96/326.91)a,c
P2 = 0.000332; P3 = 0.136006
151.56 (94.72/153.90)a,c
P2 = 0.000736; P3 = 0.249671
92.16 (80.88/106.12)c
P2 = 0.49959; P3 = 0.010846
22.26 (14.79/33.42)a
P2 = 0.004998; P3 = 0.355126
46.52 (38.08/60.30)
P2 = 0.37436; P3 = 0.924826
0.53 (0.25/0.55)a
P2 = 0.001992; P3 = 0.282078

334.85 (309.06/441.19)a
P1 = 0.010485
178.19 (113.78/246.52)a
P2 = 0.007253
117.98 (98.37/133.13)a
P2 = 0.004483
25.37 (21.16/41.75)a
P2 = 0.000463
46.77 (38.26/64.03)
P2 = 0.17192
0.68 (0.33/0.96)a
P2 = 0.000198

P < 0.05 vs Healthy control; cP < 0.05 vs O-group.

a

Table 3 Stereologic characteristics of hypodermis from Dupuytren’s contracture patients
Group/parameters

Y-group (< 55 yr of age) n = 15

Percentage of adipoсytes in serial sections of
Dupuytren’s tissue sample [Me (Q1/Q3), %]
Numerical microvessels density [Me (Q1/Q3), μm-2]
Volumetric microvessels density [Me (Q1/Q3), %]
Relative number of microvessels with signs
of periadventitial inflammatory infiltration
Relative number of microvessels with signs of
adventitial fibrosis
Microvessels diameters [Me (Q1/Q3), μm]

35.05 (23.40/40.09)a
P1 = 0.000338
5 (4/7)a
P2 = 0
2.48 (1.44/4.13)a
P2 = 8.88 × 10-16
21.84a
P2 = 1.69 × 10-5
4.48a
P2 = 0.002358
12.55 (9.26/18.05)a
P2 = 0.019425

O-group (≥ 55 yr of age) n = 14
27.79 (19.37/32.82)
3 (2/4)
1.16 (0.52/2.12)
12.93
8.19
11.58 (8.67/16.84)

a

P < 0.05 vs O-group.

of adipocytes in the hypodermis and aponeurosis
tissue than the O-group (Table 3). The numerical and
volumetric density of the vessels in the hypodermis,
as well as the percentage of vessels with signs of periadventitial inflammatory infiltration, was also larger
in the Y-group. The O-group was characterized by a
greater degree of perivascular fibrosis. The average
diameter of the vessels was significantly higher in the
Y-group. The percentage of vessels with a diameter
greater than 12 μm in the Y-group was 47.1%, and in
the O-group it was 41.2% (P = 0.039384).

DISCUSSION
The role of adipose tissue in the pathogenesis of
Dupuytren’s contracture has been extensively studied.
The prevalence of the disease in older age groups
was associated with less content of adipose tissue in
fascial structures and hypodermis and corresponding
reduction of its protective-amortization role during
[17,18]
chronic hand traumatization
. Besides peculiarities
of the lipid composition in adipose tissue, the similarity
of gene expression in adipose tissue and in fibromatous
nodes was established in patients with Dupuytren’s
[12]
contracture . The role of adipose tissue in angiogenesis
[19]
is known , and the presence of markers of angio
genesis in Dupuytren’s contracture palmar aponeurosis
[20]
was proved . The composition of the luminal lining
of microvessels revealed potential precursors of
[21]
myofibroblasts .
In this study, the quantitative characteristics of the
hypodermal adipose tissue vascularization in patients
with Dupuytren’s contracture were represented for the
first time. It has been established that the perforating
arteries of the palmar aponeurosis, which give rise to
the vascular plexus of the hypodermis, are in a state

Investigation of microcirculation

The base microcirculatory flow in the Y-group was
significantly increased in comparison with the norm and
the O-group (Table 4). Peak microcirculatory flow in the
Y-group was also increased but only in comparison with
corresponding norm. In the O-group, the index of peak
microcirculatory flow was increased compared to norm
and the Y-group. Both patients’ groups differed from
healthy controls, with more pronounced variability of
post-occlusive hyperemia as well as a more pronounced
difference in their right and left arms.
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Table 4 Parameters of microcirculatory flow and post-occlusive hyperemia test in Dupuytren’s contracture patients in younger (DCY)
and older (DCO) groups and healthy controls (Norm) in different age groups [Me (Q1/Q3)]
Parameters

Norm (25-54 yr of age)
n = 22

DCY (< 55 yr of age)
n =6

Norm (55-70 yr of age)
n =6

DCO (≥ 55 yr of age)
n = 18

33 (23/54)
4 (3.5/5.7)
14.7 (11.8/18.3)
340 (232/443)
15 (10/25)
0.62 (0.50/0.81)
45 (15/75)
0.18 (0.14/0.34)
247 (205/380)
270 (180/300)

52 (45/54)
15.45c (8.4/20.6) P3 = 0.020
27.5c (22.2/44.4) P3 = 0.002
218.5 (125/488)
17.5 (10/30)
0.56 (0.14/1.19)
30 (5/60)
0.96 (0.16/1.54)
212 (40/600)
242 (55/660)

59 (55/63)
3.5 (2.55/4.7)
18.2 (8.15/18.7)
373 (223/449)
20 (20/25)
0.52 (0.15/0.55)
35 (20/70)
0.2 (0.11/0.28)
147 (125/190)
165 (150/210)

66 (59/69)
4.15a (3.1/7.8) P2 = 0.019
20.1 (16.7/24.6)
508 (336/544) P2 = 0.045
20 (15/90)
0.81 (0.21/1.09)
40 (30/130)
0.28 (0.09/0.49)
400 (90/600)
515 (120/700)

1127 (705/1830)

2799 (193/6216)

1575 (474/2202)

3804 (1110/5084)

Age
Microcirculatory flow base (PU)
Microcirculatory flow peak (PU)
Microcirculatory flow peak index (%)
Time of hyperemic response (s)
Velocity of hyperemic response (PU/s)
Time of half-recovery (s)
Speed of half-recovery (PU/s)
Time of full recovery (s)
Duration of hyperemic response (s)
Intensity (area) of hyperemic
response (relative units)
a

P < 0.05 vs DCY; cP < 0.05 vs corresponding norm. DCY: Dupuytren’s contracture patients in younger; DCO: Dupuytren’s contracture patients in older.

progression of contracture was higher in the older
group. The secondary hypothesis of our study is that
the use of therapeutic angiogenesis in patients operated
on for Dupuytren’s contracture will slow the recurrence
and spread of fibromatosis.
In conclusion, more severe constrictive remodeling
of palmar fascia perforating arteries supplying the
hypodermis was revealed in patients younger than 55,
but the increased vascularization of the hypodermis
serves as a compensatory-adaptive mechanism that
slows the development of fibromatosis and contracture.

of constrictive remodeling. Such a remodeling was
characterized by a reduction of arteries outside and
luminal diameters, and in patients older than 55 years it
was accompanied with thickening of the arterial wall.
In both age groups, the thickness of the intima and
intima/media thickness ratio were increased compar
ed to control. In the older age group, a significantly
higher incidence of arterial hypertension and other
cardiovascular diseases were noted. A more pronounced
decrease in the external diameter and lumen of the
perforating arteries in the younger age group suggests
that constrictive remodeling of arteries is mainly
associated with the development of fascial fibromatosis
rather than cardiovascular diseases. This assumption is
consistent with the results of a study of normotensive
patients with another rheumatic disease - systemic
[22]
lupus erythematosus .
A limitation of our study was the small sample
size of patients in the post-occlusive hyperemia test.
However, the increased variability of its characteristics
in comparison with the norm and the large difference in
the parameters of the right and left hands suggest that
this sample, and in particular the area of the hyperemic
response, may reflect the severity of pathological and
compensatory-adaptive changes. In patients with
ischemic heart disease, the area of hyperemic response
[23]
was relevant to endothelial dysfunction . We assumed
that a study with a large sample of patients with
Dupuytren’s contracture before and after the operation
will clarify the role of microcirculation in the development
of individually oriented treatment protocols.
The larger numerical and volumetric densities
of microvessels in the hypodermal tissue in patients
younger than 55 years of age compared to those
in the older age group are consistent with larger
microcirculatory blood flow. These data, combined
with a significantly greater proportion of vessels with a
diameter of more than 12 μm, indicate more pronounced
processes of capillary and arteriologenesis. We have
not, however, used angiogenesis markers, and this is
another limitation of our study. The incidence of quick
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Research background

Patients with Dupuytren’s contracture are numerous in hand clinics. In most
cases, conservative treatment is not curable. Surgical excision of diseased
tissue and correction of contracture are effective but the risks of recurrence and
extension of pathological changes are high. Measures of successful influence
on course of the disease are absent.

Research motivation

Multiple studies of Dupuytren’s disease deal with transformations of connective
tissue, its molecular mechanisms, peculiarities of cells immuno-histochemical
phenotypes, and gene expression. Though vascular remodeling mediates
pathogenesis of various diseases, little is known about changes in palmar fascia
and hypodermis vascularity in Dupuytren’s contracture patients - especially its
quantitative characteristics.

Research objectives

We wanted to analyze histological morphometric parameters of palmar fascia
arteries and microvascularity of palmar hypodermis of Dupuytren’s contracture
patients and to assess the functional parameters of microcirculation of palmar
skin tissues. The main purpose was to present peculiarities of structural and
functional characteristics of palmar hypodermal tissue vascularization in
different age groups and to determine whether these groups differ in the rate of
progression of the hand deformity.

Research methods

We identified clinical characteristics of Dupuytren’s contracture patients (n =
87), morphometric characteristics of palmar fascia perforating arteries (n = 30),
stereologic characteristics of hypodermis, parameters of microcirculatory flow,
and post-occlusive hyperemia test (n = 52) in Dupuytren’s contracture patients
in younger and older groups and healthy controls in different age groups.
Methods were standard, but to the best of our knowledge, they had not been
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used for Dupuytren’s contracture research.

9

Research results

Cases with rapid progression of hand deformity (less than 5 years) were more
common in older patients (55 and more years old). Signs of arterial constrictive
remodeling were more prominent in the younger group. Adipocytes content,
microvessel density, and per cent of microvessels with signs of inflammatory
infiltration were bigger in the younger group. Vessels with adventitial fibrosis
were seen more often in the older group. Base capillary flow in the younger
group was bigger than the healthy control subjects and the older group; peak
capillary flow was increased in comparison with control.

10
11

Research conclusions

12

Constrictive remodeling of palmar fascia arteries in studied groups of patients
was associated with the development of fascial fibromatosis rather than
cardiovascular disease. In patients younger than 55 years, old compensatory
changes of the microcirculatory bed in palmar hypodermis contributed to more
benign course of the disease.

13

Research perspectives

Further analysis of functional and structural characteristics of blood vessels
in different age and comorbidity groups of Dupuytren’s contracture patients
are necessary for development of effective vasogenic therapy, which may
effectively influence disease progression and extending.

14
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Abstract
AIM
To present our results on the use of a single rod instru
mentation correction technique in a small number of
patients with major medical co-morbidities.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous data that were obtained after each patient agreed to
treatment by written consent.

METHODS
This study was a prospective single surgeon series.
Patients were treated with single rod hybrid constructs
and had a minimum 2-year follow-up. Indications included
complex underlying co-morbidities, conversion of growing
rods to definitive fusion, and moderate adolescent
idiopathic primarily thoracic scoliosis with severe eczema
and low body mass index (BMI).
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RESULTS
We included 99 consecutive patients. Mean age at
surgery was 12.8 years (SD 3.5 years). Mean scoliosis
correction was 62% (SD 15%) from 73° (SD 22°) to
28° (SD 15°). Mean surgical time was 153 min (SD 34
min), and blood loss was 530 mL (SD 327 mL); 20% BV
(SD 13%). Mean clinical and radiological follow-up was
3.2 years (range: 2-12) post-operatively. Complications
included rod failure, which occurred in three of our
complex patients with severe syndromic or congenital
kyphoscoliosis (3%). Only one of these three patients
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required revision surgery to address a non-union. Our
revision rate was 2% (including a distal junctional
kyphosis in a Marfan’s syndrome patient).

and reduced implant cost. There is only one direct
comparison of single and double rod instrumentation
in the treatment of adolescent idiopathic scoliosis
(AIS). This demonstrates superiority of the double
rod technique and a higher rate of rod breakage
with single rods (21% compared to 4% with double
[4]
rods) . Mechanical testing of single-rod and double-rod
segmental hook fixation constructs with hooks at every
level except the apex in a long-segment animal model
(calf spines) indicated that over 12 vertebral segments
the single rod instrumentation allowed more neutral
[5]
zone rotation than the double rod construct . There
remains interest in using a single rod technique in highrisk patients, such as children with Duchenne muscular
dystrophy (DMD), in order to minimize duration and
[6]
morbidity of surgery .
This study reports a prospective series of patients
treated by a single surgeon with a single rod hybrid
technique in an effort to reduce peri-operative morbidity.
The indications for use of this technique are discussed
and the post-operative clinical, radiological, and functional
outcomes are reported.

CONCLUSION
The single rod technique has achieved satisfactory
deformity correction and a low rate of complications in
patients with specific indications and severe underlying
medical conditions. In these children with significant
co-morbidities, where the risks of scoliosis surgery are
significantly increased, this technique has achieved
low operative time, blood loss, and associated surgical
morbidity.
Key words: Pediatric scoliosis; Indications; Spinal
deformity; Surgery; Spinal fusion; Single rod technique;
Outcomes
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reviewed 99 pediatric patients treated
for scoliosis with a single-rod hybrid technique. They
belonged in three groups: Group A included 62 patients
with complex deformities and low body mass index (BMI)
associated with medical co-morbidities increasing the
risk of cardiac, respiratory, neurological complications
and intra-operative blood loss; group B included 21
patients treated with growing rod lengthenings who
underwent spinal fusion; group C included 16 patients
with moderate adolescent idiopathic scoliosis, low
BMI, and severe eczema at risk of wound or systemic
infection. The single-rod technique has achieved and
maintained at follow-up good deformity correction with
low surgical time, blood loss, and surgical morbidity.

MATERIALS AND METHODS
We reviewed 99 patients who underwent surgical
correction of scoliosis using a single rod hybrid technique
between 2005 and 2015. Indications for this technique
over the traditional dual rod construct which is the
standard of care in our practice, included high risk of
neurological/cardiac complications and intra-operative
bleeding, low body mass index (BMI), previous partial
fusion due to long-term use of growing rods, and preexisting severe eczema. Eighty-seven patients underwent
posterior and 12 patients with early onset scoliosis (10
idiopathic - 2 syndromic) combined one-stage anterior/
posterior spinal fusion. Operative data included surgical
time, blood loss (recorded as a volume and percentage
of body weight [percentage by volume - blood volume]),
and problems related to intra-operative neuromonitoring. Radiographs were examined pre-operatively
[7]
to include curve severity (using the Cobb method ),
[8]
skeletal maturity (Risser grade ), and location of curve
[9]
apex . Clinical and radiological review was performed
post-operatively at mean follow-up 3.2 years (range:
2-12). Patient reported outcomes (Scoliosis Research
Society-22 questionnaire) were available for patients
with AIS before and after surgery. Statistical analysis was
made using standard descriptive terms and the Microsoft
Excel for Mac 2016 (Microsoft, Redmond, WA, United
States).

Tsirikos AI, Loughenbury PR. Single rod instrumentation in
patients with scoliosis and co-morbidities: Indications and
outcomes. World J Orthop 2018; 9(9): 138-148 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v9/i9/138.htm
DOI: http://dx.doi.org/10.5312/wjo.v9.i9.138

INTRODUCTION
Dual rod instrumentation has become the standard
of care for scoliosis correction. The use of bilateral
segmental pedicle screw fixation over two rods can
produce effective coronal and axial deformity correction
[1-3]
and a stable construct whilst fusion occurs . In most
surgical techniques, the majority of curve correction
occurs during placement of the first rod with the second
rod providing additional stability in the post-operative
period while the bone grafts are healing. Use of a
single rod construct may offer theoretical advantages,
including shorter surgical time, lesser blood loss, lower
rates of infection, technically easier procedures, simpler
pre-operative planning, lower instrumentation profile,
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Surgical technique

Anesthetic management included non-invasive monitor
ing, use of an arterial line, and urinary catheter. A
warming blanket was also used, and our patients
received prophylactic cefuroxime on induction and two
further doses post-operatively. Blood loss was reduced
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Figure 1 Patient with adolescent idiopathic scoliosis (patient 13; Table 4). A: Preoperative postero-anterior spinal radiograph shows a primary thoracic and
compensatory lumbar AIS; B: Preoperative lateral spinal radiograph shows thoracic hypokyphosis and isthmic spondylolysis at L5 (white arrow) with associated grade
1 lumbosacral spondylolisthesis; C: Postero-anterior spinal radiograph shows very satisfactory scoliosis correction across both curves and a globally balanced spine
following a selective posterior thoracic fusion; D: Lateral spinal radiograph shows restoration of thoracic kyphosis and a normal sagittal balance of the spine with no
change in the grade 1 lumbosacral spondylolisthesis. AIS: Adolescent idiopathic scoliosis.

A

B

D

C
14°

34°

28°

75°

56°

23°

Figure 2 Patient with neuromuscular kyphoscoliosis. A: Preoperative postero-anterior spinal radiograph shows a triple thoracic and lumbar scoliosis; B:
Preoperative lateral spinal radiograph shows a thoracolumbar rotatory kyphosis producing positive global sagittal balance of the spine; C: Postero-anterior spinal
radiograph shows excellent scoliosis correction and a balanced spine in the coronal plane; D: Lateral spinal radiograph shows restoration of thoracic kyphosis and a
normal sagittal balance of the spine.

with intra-operative tranexamic acid and transfusion of
autologous blood using cell salvage. Multimodal spinal
cord monitoring was applied recording cortical and
cervical somatosensory (SSEPs), as well as transcranial
motor evoked potentials (MEPs) that remained stable in
all patients throughout the procedure. Anterior release
was performed through a convex thoracotomy in 12
patients. All patients underwent posterior correction
across the thoracic or thoracic/lumbar spine short
of the sacrum and pelvis through a midline incision
with bilateral subperiosteal exposure to the tips of
the transverse processes. Soft tissue release and
facetectomies were performed, and correction was
achieved with a single rod. This was secured using
distal pedicle screws, proximal pedicle hooks, and
transverse process hooks or sublaminar wires at the
apex of the curve. Scoliosis correction was achieved
either through concave rod derotation and apical
translation towards the midline (Figure 1) or through
apical translation and convex rod cantilever maneuver
from proximal to distal (Figure 2). The Universal Spinal
System (USS) instrumentation was used (DePuy/
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Synthes, West Chester, Pennsylvania, United States)
in all patients. Decortication of the posterior elements
and use of autologous local and allograft bone (fresh
frozen femoral heads) aimed to achieve a solid fusion.
Autologous rib graft was used when an anterior release
was performed. In six patients who underwent posterior
surgery, additional iliac crest graft was used. Topical
vancomycin (1 g) was applied prior to closure. The
wound was closed in layers without wound drains.
Mobilization commenced on the first post-operative
day and patients were fitted with a custom-molded
removable underarm spinal jacket to wear when out of
bed for 6 mo after surgery.

Cost analysis

The cost of our typical construct used in AIS was
considered for both a thoracic (mean 10 instrumented
levels) and a double thoracic/lumbar fusion (mean 15
instrumented levels). For a thoracic fusion, our single
rod construct included three proximal pedicle screw
hooks, three distal pedicle screws, one transverse
process hook, and a single rod (Figure 1). For a thoracic
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Table 1 Operative and postoperative data among our patient groups
Group

Type of scoliosis

A - Complex
deformity

B - Conversion of
growing rods to
definitive fusion
C - AIS
Summary of data

No. of Mean age at Procedure (No.
of patients)
patients surgery (yr)

Blood Mean followOperating Blood loss
up (yr)
loss (BV)
(mL)
time (min)

Complications

Syndromic

21

13

PSF: 19;
A/PSF: 2

164

727

27

3.0

Early onset
idiopathic
Congenital

17

11

185

519

25

2.9

13

11

PSF: 11;
A/PSF: 6
PSF: 13

138

368

13

4.8

Neuromuscular
Intraspinal
anomalies
Early onset

5
6

14
13

PSF: 5
PSF: 6

125
145

662
525

24
22

3.0
4.5

One rod breakage-no
revision required
None
None

21

12

PSF: 17;
A/PSF: 4

159

497

20

2.8

None

16

15.8

PSF: 16

128

406

9

2.8

None

99

13

PSF: 87;
A/PSF: 12

153

530

20

3.2

4

Adolescent
idiopathic

2 rod breakages-one
revision required
due to non-union;
1 distal junctional
kyphosis-distal fusion
extension required
None

PSF: Posterior spinal fusion; A/PSF: Anterior and posterior spinal fusion; BV: Blood volume; AIS: Adolescent idiopathic scoliosis.

and lumbar fusion, our single rod construct included
maximum five proximal pedicle screw hooks, six distal
pedicle screws, one transverse process hook, and a
single rod (Figure 2). This was then compared to a
double rod construct using bilateral segmental pedicle
screws (implant density: 2) and a double rod construct
using the authors’ preferred technique with reduced
[10]
implant density 1.38 . All costs were calculated using
standard prices for USS instrumentation and reported
as percentage decrease in cost.

operative bleeding, and low BMI. In the syndromic
patients, mean scoliosis correction was 65% for upper
thoracic, 62% for main thoracic, and 56% for lumbar
curves (P < 0.001), surgical time was 164 min (SD
47 min), and blood loss was 27% BV (SD 13%). In
the congenital patients, mean scoliosis correction was
54% for upper thoracic, 50% for main thoracic, and
48% for lumbar curves (P < 0.001), surgical time was
138 min (SD 29 min), and blood loss was 13% BV (SD
3%). In the early onset idiopathic group, mean scoliosis
correction was 62% for upper thoracic, 60% for main
thoracic, and 61% for lumbar curves (P < 0.001),
surgical time was 185 min (SD 101 min), and blood loss
was 25% BV (SD 16%). In the neuromuscular patients,
mean scoliosis correction was 66% for main thoracic
and 57% for lumbar curves (P < 0.001), surgical time
was 125 min (SD 13 min), and blood loss was 24%
BV (SD 11%). In the intraspinal anomalies group, all
patients had a thoracic scoliosis. Mean curve correction
was 56% (P < 0.001), surgical time was 145 min (SD
17 min), and blood loss was 22% BV (SD 11%).

RESULTS
Mean age at surgery was 12.8 years [standard deviation
(SD) 3.5 years]. Mean surgical time was 153 min (SD
34 min), and mean blood loss was 530 mL (SD 327
mL); 20% blood volume (BV) (SD 13%). Three patient
groups were included:

Group A - Patients with complex deformities

This group included 62 complex patients with severe
deformities and associated co-morbidities (Tables 1-3
and Figure 2). Underlying scoliosis diagnosis included
syndromic (21 patients, Table 3), early onset idiopathic
(17 patients; juvenile: 9, infantile: 8), congenital
(13 patients), neuromuscular (5 patients; congenital
myopathy: 1, cerebral palsy: 1, demyelinating
neuropathy: 1, Friedreich’s ataxia: 1, congenital
hypotonia: 1), and scoliosis associated with intraspinal
anomalies (6 patients; Chiari I malformation with
syringomyelia: 4, astrocytoma: 1, gaglioglioma: 1).
Indications to use the single rod technique were high
risk of neurological/cardiac complications, complex
congenital vertebral anomalies, increased intra-
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Group B - Conversion of growing rods to the definitive
spinal fusion

There were 21 patients where a single rod was used to
achieve final correction and definitive fusion at the end
of treatment with growing rod lengthenings (Tables 1-3
and Figure 3). Underlying cause of scoliosis included
syndromic (10 patients), infantile idiopathic (6 patients),
congenital (4 patients), and neuromuscular (horizontal
gaze palsy: 1 patient). Indications for using the single
rod technique were the presence of partial fusion
and inherent stiffness of the spine due to the longstanding deformity, anterior apical convex epiphysiodesis
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82/36 (56%); 6 patients
91/39 (57%); 6 patients

5

6
10

Neuromuscular

Associated with intraspinal
anomalies
Syndromic

6

4
1

Infantile idiopathic

Congenital
Neuromuscular

Congenital

77/38 (51%); 4 patients
-

74/28 (62%); 2 patients

66/19 (71%); 2 patients

58/36 (38%); 6 patients

99/34 (66%); 4 patients

17
(infantile: 9;
juvenile: 8)
13

Early onset idiopathic

78/30 (62%); 8 patients

Thoracic scoliosis (mean
preop/postop; degrees);
(%correction)

21

No. of patients

Syndromic

Type of scoliosis

Upper TH: 59/34 (42%)
main TH: 100/55 (45%);
one patient
-

-

-

-

Upper TH: 53/25 (53%)
main TH: 81/47 (42%);
one patient
Upper TH: 39/22 (44%)
main TH: 76/40 (47%);
2 patients

Upper TH: 46/19 (59%)
main TH: 60/24 (60%);
5 patients

Double thoracic scoliosis
(mean preop/postop;
degrees); (%correction)

TH: 93/52 (44%)
L: 69/37 (46%);
4 patients
TH: 61/38 (38%)
L: 101/52 (49%);
one patient
-

TH: 79/31 (61%)
L: 65/28 (57%);
3 patients
-

TH: 89/36 (60%)
L: 70/27 (61%);
6 patients
TH: 75/38 (49%)
L: 68/36 (47%);
3 patients

TH: 55/18 (67%)
L: 43/15 (65%);
4 patients

-

-

-

-

Upper TH: 32/6 (81%)
main TH: 61/28 (54%)
L: 52/25 (52%);
2 patients
Upper TH: 49/15 (69%)
main TH: 84/30 (64%)
L: 52/20 (62%); 5 patients
Upper TH: 41/15 (63%)
main TH: 55/25 (55%)
L: 44/22 (50%);
one patient
-

Thoracic/lumbar scoliosis
Triple thoracic/lumbar scoliosis
(mean preop/postop; degrees); (mean preop/postop; degrees);
(%correction)
(%correction)

Scoliosis: 63/32 (49%)
kyphosis: 104/61 (41%);
2 patients
Scoliosis: 65/25 (62%)
kyphosis: 78/50 (36%);
one patient

-

-

Scoliosis: 56/31 (45%)
kyphosis: 122/65 (47%);
one patient
Scoliosis: 70/31 (56%)
kyphosis: 75/35 (53%);
one patient

Scoliosis: 120/48 (60%)
kyphosis: 103/60 (42%);
2 patients

Thoracic kyphoscoliosis
(mean preop/postop;
degrees); (%correction)

The single rod technique was used in 16 patients with AIS (Tables 1 and 4). Indications for the single rod technique were pre-existing severe eczema increasing significantly
the risk of wound infection and low BMI. Fifteen patients had moderate single or double thoracic scoliosis with compensatory lumbar curves (12 patients), and one patient had
a double thoracic and lumbar scoliosis. Mean flexibility index {FI, % = [(pre-operative Cobb angle – supine maximum lateral bending Cobb angle)/preoperative Cobb angle]
× 100} as calculated before surgery was 25% (range: 22%-35%) for upper thoracic, 30% (range: 10%-59%) for main thoracic, and 50% (range: 35%-62%) for lumbar
curves. Mean correction was 64% for upper thoracic, 70% for main thoracic, and 67% for lumbar curves (P < 0.001), surgical time was 128 min (SD 20 min), and blood loss

Group C - Patients with AIS

(9 patients), and several previous growing rod lengthenings in order to achieve a globally balanced spine, low BMI, and a high risk of complications due to existing comorbidities. Twelve patients had single thoracic, five had thoracic and lumbar, and one had double thoracic scoliosis while three patients had thoracic kyphoscoliosis. Mean
scoliosis correction was 42% for upper thoracic, 52% for main thoracic, and 47% for lumbar curves (P < 0.001), surgical time was 159 min (SD 86 min), and blood loss
was 20% BV (SD 13%).

B – Conversion of
growing rods to
definitive fusion

A – Complex
deformity

Group

Table 2 Type and size of deformity among our patients in groups A and B
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Table 3 Patients with syndromic conditions included in our study
Group A – Complex deformity (n = 21 patients)

Group B - Conversion of growing rods to definitive fusion (n = 10 patients)

Neurofibromatosis type 1 (2)
Osteogenesis imperfecta (1)
Rubinstein-Taybi type 2 (1)
Cystic Fibrosis (1)
Arthrogryposis multiplex congenital (1)
Ehlers-Danlos (1)
Angelman’s (1)
Marfan’s (1)
Prader-Willi (1)
Down’s syndrome (1)
Chromosome abnormality (4)
Undiagnosed syndromic condition (6)

A

B

103°

Skeletal dysplasia (2)
Oculo-auriculo-fronto-nasal syndrome (1)
Chromosome abnormality (7)

C

D

46°

E

40°

RVAD + 73°

Figure 3 Patient with a severe infantile idiopathic thoracic scoliosis. A: Initial postero-anterior spinal radiograph at age 2 years shows a very severe thoracic
scoliosis; B: Initial lateral spinal radiograph at age 2 years shows increased thoracic kyphosis. The patient was treated with placement of a concave growing rod
construct followed by 21 consecutive lengthening procedures; C: Postero-anterior spinal radiograph at age 13 years when she underwent the definitive posterior
spinal fusion with the use of a single concave rod construct; D: Postero-anterior spinal radiograph at latest follow-up (end of spinal growth) shows no evidence of
recurrence of the deformity and no crankshaft effect with a globally balanced spine; E: Lateral spinal radiograph shows good global balance in the sagittal plane at
skeletal maturity.

was 9% BV (SD 5%). When compared to our previous
AIS series of segmental bilateral (mean surgical time:
[10]
320 min; mean blood loss: 50% BV) , segmental
unilateral (mean surgical time: 240 min; mean blood
[10]
loss: 30% BV) , or segmental convex (mean surgical
[11]
time: 183 min; mean blood loss: 22% BV)
pedicle
screw correction techniques, both surgical time and intraoperative blood loss in the single rod technique was
significantly reduced (P < 0.001). Excellent correction
of global coronal and sagittal balance, including thoracic
kyphosis and lumbar lordosis, was also achieved. This
was associated with high patient satisfaction (4.8 at
latest follow-up) and good functional outcomes (Figure 4).
We compared the single-rod and dual-rod techniques
in our practice and did not record significant difference in
the degree of scoliosis correction for main thoracic curves,
which was the primary deformity among the patients
included in our single rod series of 16 AIS patients (P >
[10,11]
0.05)
. However, the degree of preoperative thoracic
scoliosis was significantly greater (P < 0.001) among the
patients included in our cohorts treated with segmental
pedicle screws and a dual rod construct (bilateral
technique-mean scoliosis: 68°, range: 40°-98°; unilateral
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technique-mean scoliosis: 65°, range: 38°-95°; convex
technique-mean scoliosis: 70.2°, range: 55°-110°) when
compared to our single rod AIS group (mean scoliosis:
[10,11]
54°, range: 45°-69°)
. SRS-22 individual domain and
total scores, as well as patients’ satisfaction at 2-year
follow-up between single-rod and dual-rod constructs,
[10,11]
was also no different (P > 0.05)
.

Complications

We recorded four post-operative complications (4%) that
occurred in three patients with syndromic kyphoscoliosis
and in a patient with a congenital kyphoscoliosis (group
A). Three of these complications involved rod failure. The
first was the result of a non-union presenting with rod
breakage occurring 17 mo after surgery. This patient had
chromosomal abnormality, complex cardiac disease, poor
skin healing, and severe behavioral problems. She had
a thoracic scoliosis corrected from 120° to 35° through
a combined anterior/posterior fusion and associated
thoracic hyperkyphosis. Revision posterior surgery was
performed to address a hairline non-union using a new
rod and the existing fixation points. The fusion was
augmented with autologous rib and allograft bone with
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F

16

Mean: 4.1

3

4

5

4

4

5

3

3

4

5
5

2
4
5

5
5

Risser grade

Scoliosis type
1 (1); 2 (2);
3 (6); 4 (7)

2A

2A

2B

1A

2A

1B

1A

2A

1A

3C
2B

2A
1A
2A

2A
1B

Scoliosis type
(No. of
[9]
patients)

15 TH fusions;
one TH/L fusion

PSF T3-L2

PSF T3-T12

PSF T2-T11

PSF T2-T11

PSF T3-T12

PSF T2-T11

PSF T2-T11

PSF T3-T12

PSF T2-T12

PSF T2-L4
PSF T3-T12

PSF T2-L1
PSF T2/T9
PSF T2-T11

PSF T2-T10
PSF T3-T11

Procedure
(posterior spinal
fusion/levels)

F: Female; M: Male; PSF: Posterior spinal fusion; TH: Thoracic; L: Lumbar.

11 F;
5M

F

15

Summary
of data

F

14

M

F

10

13

F

9

F

M

8

12

F
F

6
7

M

M
F
M

3
4
5

11

F
F

Gender

1
2

Patient
number

Mean values:
35/12.7 (64%)

22/8 (64%)

39/14 (64%)

42/15 (64.3%)

-

32/11 (66%)

-

-

29/9 (69%)

-

35/12 (66%)

32/11 (66%)
32/12 (62.5%)

52/23 (56%)
-

Mean values:
54/16 (70.4%)

59/20 (66%)

69/23 (67%)

60/25 (58.3%)

52/15 (71%)

59/17 (71%)

55/16 (71%)

52/20 (61.5%)

48/14 (71%)

60/15 (75%)

55/12 (78%)
55/21 (62%)

47/11 (77%)
45/0 (100%)
52/16 (69%)

49/22 (55%)
48/15 (69%)

Upper thoracic scoliosis
Main thoracic scoliosis
(pre-op/post-op;
(pre-op/post-op;
degrees); (% correction) degrees); (% correction)

Kyphosis (preop/post-op);
(degrees)

Mean values:
1.16/0.06 (95%)

2.5/0.3

0.5/0

1.2/0.5

3/0

0.8/0.2

3.5/0

0/0

0.6/0

0/0

1.2/0
1/0

0.8/0
2.3/0
0.8/0

0/0
0.3/0

Mean values:
2.35/0.06 (97.4%)

2.2/0

-0.5/0

-2.3/0

3.5/0

-3.5/-1

4.1/0

-2.5/0

-1.2/0

1.5/0

-2.8/0
-3.0/0

-0.8/0
-0.3/0
-3.1/0

-3.5/0
-2.8/0

Lordosis (pre- Coronal balance
Sagittal balance (preop/post-op); (pre-op/post-op);
op/post-op); (cm)
(degrees)
(cm)

19/52
49/52
35/17 (51%27/52
47/53
spontaneous correction)
35/44
40/42
45/55
55/58
30/6 (80%-spontaneous
23/44
59/45
correction)
48/10 (79%)
25/50
40/50
36/11
28/48
50/50
(69%-spontaneous
correction)
39/10
16/38
43/42
(74%-spontaneous
correction)
30/2 (93%-spontaneous
17/38
33/38
correction)
36/15
24/46
61/51
(58%-spontaneous
correction)
30/15
20/48
47/50
(50%-spontaneous
correction)
32/13
46/48
57/46
(59%-spontaneous
correction)
30/15
20/47
48/46
(50%-spontaneous
correction)
40/14
31/48
46/47
(65%-spontaneous
correction)
37/14
31/47
45/50
(62%-spontaneous
correction)
28/9 (68%-spontaneous
56/54
54/53
correction)
Mean values:
Mean values: Mean values:
35/11.6 (67%)
29/47.4 (63.4%)
48/48 no
change

Lumbar scoliosis (preop/post-op; degrees);
(%correction)

Table 4 Type and size of deformity before and after surgery among our patients with adolescent idiopathic scoliosis and severe eczema (group C)
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6

5

4
Pre-op
6 mo

3

1year
2 years

2

1

0

Fuction

Pain

Self-image

Mental health

Teatment
satisfaction

Total

Figure 4 Scoliosis Research Society (SRS-22) in our adolescent idiopathic scoliosis patient population. Mean scores are presented pre-operatively, at 6-mo,
one-year, and two-years post-operatively including postoperative patient satisfaction. There was statistically significant improvement of individual domain scores with
regards to function, pain, self-image, mental health, and total score between preoperative and 2-year values (P < 0.001).

a good outcome at skeletal maturity. The other two rod
failures occurred in a patient with syndromic and another
with congenital kyphoscoliosis and presented 3 years
after index surgery. Both patients were asymptomatic,
and there was no radiographic evidence of recurrence of
the deformity. The two opposing ends of the rod were
undisplaced at the point of failure, and a computed
tomography (CT) scan confirmed a solid fusion across
the previously instrumented levels. Therefore, revision
surgery was not required, and the patients remained
pain-free with a full range of activities and a stable
residual deformity at subsequent follow-up. The fourth
patient had Marfan’s syndrome, intraspinal anomalies,
and severe cardiac disease. Following index posterior
correction, she developed distal junctional kyphosis.
Revision surgery to extend the fusion by two caudal
levels resulted in a good outcome at end of skeletal
growth. Our revision rate was 2% (1% each for rod
breakage and distal junctional kyphosis).

DISCUSSION
The use of double rod constructs in the treatment of
scoliosis is associated with satisfactory clinical and
radiographic outcomes, and this has always been the
standard of care in the vast majority of our patients.
Bilateral pedicle screw instrumentation has become
the standard of care to provide powerful correction and
stable fixation until a solid fusion is achieved. However,
the use of bilateral segmental pedicle screws leads to
greater neurological risks, longer operative times and
blood loss, potential for instrumentation prominence,
and an increase in the risk of deep infection due to high
implant density. There is an ongoing interest in limiting
the risks of instrumentation placement by reducing the
[10,12]
number of implants used during correction
.
There may be a number of patients where it is
valid to use a single rod construct in order to minimize
[6]
surgical morbidity. Cawley et al reported 41 patients
with DMD, where early correction using limited fixation
with one rod proximal to the pelvis allowed adequate
sitting posture with low peri-operative morbidity.
Unilateral rod fixation is also commonly used in grow
[13]
ing rod constructs with good reported outcomes .
Reduced operative morbidity is especially attractive
for pediatric patients who require repetitive surgeries.
Whilst it is apparent that the potential advantages of a
limited surgical technique may be useful in select patient
groups, clear indications have not been established.
This study presents our experience of the single rod
technique and describes the limited indications for its
use in our practice. The decision to use such surgical
approach is tailored to the individual patient. This includes
high risk of neurological or cardiac complications; risk
of increased intra-operative blood loss due to severe

Cost analysis

Analysis of the instrumentation costs used to treat
thoracic and thoracic/lumbar AIS is shown in Table 5.
Considering thoracic scoliosis correction and fusion
over 10 levels, use of the single rod technique in our
series would reduce implant cost by 65% compared to
a double rod construct with bilateral segmental screws
and by 51% compared to a construct using the authors’
[10]
reported lesser screw density technique . If this was
extended to correction and fusion of 15 levels (such as
in double major curves) use of the single rod technique
would result in 64% reduction in cost compared to a
double rod construct with bilateral segmental screws
and 49% compared to a construct using the authors’
reduced screw density.
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Table 5 Cost analysis and comparison between the single and double rod constructs in the treatment of adolescent idiopathic
scoliosis based on the Universal Spinal System instrumentation
No. of levels included

10 (thoracic fusion)

15 (Thoracic and
Lumbar fusion)

Type of construct

Instrumentation

Comparative cost

Double rod construct with
bilateral segmental pedicle screws
(implant density: 2)
Double rod construct using the
authors’ preferred technique
(implant density: 1.38)[10]
Single rod hybrid construct

20 pedicle screws
20 sleeves and nuts
2 rods
14 pedicle screws
14 sleeves and nuts
2 rods
3 pedicle screws
3 pedicle screw hooks
1 transverse process hook
7 sleeves and nuts
1 rod
30 pedicle screws
30 sleeves and nuts
2 rods
21 pedicle screws
21 sleeves and nuts
2 rods
6 pedicle screws
5 pedicle screw hooks
1 transverse process hook
12 sleeves and nuts
1 rod

100%

Double rod construct with
bilateral segmental pedicle screws
(implant density: 2)
Double rod construct using
authors preferred technique
(implant density: 1.38)[10]
Single rod construct

underlying co-morbidities; low BMI leading to problems
related to instrumentation prominence; early onset
deformity and repetitive surgery with partial fusion due
to the use of growing rods and often initial apical convex
growth arrest; and pre-existing severe eczema. One
or more of these indications has been present in our
patients, and we have used the single rod technique
in three groups: (1) complex deformity - high risk of
cardiac/pulmonary/neurological complications and intraoperative blood loss as well as low BMI; (2) Conversion of
growing rod to definitive fusion - a balanced correction is
required; the patients often have low BMI and significant
medical co-morbidities; and (3) Adolescent idiopathic
scoliosis - in patients with moderate curves, low BMI,
and severe eczema that increase the risk of either wound
or systemic infection. The first two groups represent a
mixture of underlying diagnoses and include syndromic,
early onset idiopathic, neuromuscular, and congenital
[14,15]
scoliosis associated with intraspinal anomalies
.
The outcomes from the use of the single rod tech
nique in our AIS patients with moderate primarily
thoracic curves were satisfactory, and we did not record
any complications. In AIS patients with no severe
eczema, we select a dual pedicle screw/rod technique
that is more effective to correct the deformity and has
[10,11]
produced optimum outcomes
. In severe AIS we
also find that the dual rod segmental pedicle screw
techniques have greater ability to correct the deformity
without the need for anterior release to increase curve
flexibility when compared to the single rod hybrid
[10,11]
technique
. Our results of the single rod technique are
[4]
in contrast to those reported by Wattenbarger et al who
identified a higher rate of rod breakage with single (21%)
than double rods (4%) in AIS. Rod failure occurred in
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29% reduction compared to bilateral segmental pedicle screw
construct
65% reduction compared to bilateral segmental pedicle screw
construct;
51% reduction compared to authors’ preferred technique

100%

29% reduction compared with bilateral segmental pedicle
screw construct
64% reduction compared to bilateral segmental pedicle screw
construct;
49% reduction compared to authors’ preferred technique

three of our complex patients with severe syndromic or
congenital kyphoscoliosis (3%). Our revision rate was
2% (including a distal junctional kyphosis in a Marfan’s
[6]
syndrome patient). Cawley et al recorded 7.3% rod
breakage when they used the single rod technique in
DMD patients. The use of post-operative immobilization
(spinal jacket) may have contributed to our reduced
instrumentation failure rates. Post-operative orthotic
support can protect the rod construct and provide
additional stability until fusion is achieved.
Due to the multitude of underlying diagnoses in
groups A and B, a direct comparison to previous studies
cannot be made. The number of patients where we
felt a single rod construct would be preferable to dual
instrumentation is small and represents less than 10%
of the senior author’s practice in the same chronological
period. However, our results demonstrate that the
single rod correction technique within the above limited
indications can achieve satisfactory deformity correction
with low complication rates in patients with severe
underlying co-morbidities. In our experience, this
technique has reduced surgical time and intra-operative
blood loss resulting in lower peri-operative morbidity in
medically compromised patients with considerably less
[4]
implant related complications than previously reported .
Instrumentation cost has also been significantly reduced
when compared to a double pedicle screw/rod technique.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Scoliosis surgery is a major spinal procedure that is associated with significant
risks of neurological and medical complications, producing permanent patient
disability and increasing surgical morbidity. Surgical techniques have been
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developed in an attempt to standardize patient treatment and reduce the
rate of operative complications. In recent decades, dual-rod instrumentation
has become the standard of care for scoliosis correction. The introduction
of segmental pedicle screws has allowed better coronal and axial deformity
correction but has increased surgical risks. Single-rod correction techniques
have been used in patients with adolescent idiopathic scoliosis (AIS) and
Duchenne muscular dystrophy with controversial results in two previous series.

comparable to our previous series of patients treated with dual rod/segmental
pedicle screw instrumentation.

Research perspectives

Despite the fact that the longest postoperative follow-up in our study was 12
years (mean follow-up: 3.2 years), we are monitoring our patients beyond
skeletal maturity and well into adult life in order to confirm that no longterm complications occur. We believe that in light of this study the single rod
technique is a reasonable alternative to dual rod techniques, especially in the
treatment of complex patients with associated high morbidity. Further studies
comparing outcomes of different techniques would be useful to determine the
best option in different clinical scenarios and types of deformity.

Research motivation

Single-rod correction techniques may offer advantages over dual-rod pedicle
screw constructs, including reduced operative time and blood loss, lower
risk of infection and instrumentation profile, easier surgical planning and
operative technique, as well as reduced implant cost. In patients with major
co-morbidities, such techniques may improve surgical safety and reduce
associated morbidity and mortality of the procedure.
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AIM

To compare clinical outcomes of patients with and
without preoperative genu recurvatum (GR) following
mobile bearing unicompartmental knee arthroplasty
(UKA).

Conflict-of-interest statement: The authors have no conflict of
interest related to the manuscript.

METHODS

CONSORT 2010 statement: The authors have read the
CONSORT 2010 Statement, and the manuscript was prepared
and revised according to the CONSORT 2010 Statement.

We prospectively followed 176 patients for at least
24 mo who had been treated by unilateral, minimally
invasive, Oxford UKA. Patients with medial osteoarthritis
(OA) knee and preoperative GR (Group Ⅰ) accounted
for 18% (n = 32) and patients without preoperative
GR (Group Ⅱ) accounted for the remaining 82% (n =
144). Knee score, pain scores, and functional scores
were assessed for each patient and compared between
the two groups. The incidence of postoperative GR

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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and the postoperative hyperextension angles also were
recorded and analyzed.

outcomes following fixed bearing UKA and total knee
[7-9]
arthroplasty (TKA) . The optimal prosthesis to use
in patients with OA of the knees and GR remains
controversial.
To the best of our knowledge, there have not been
any studies reporting the clinical outcomes of mobile
bearing UKA in medial OA knees with concomitant
preoperative GR. The purpose of this study was,
therefore, to determine the clinical outcome of the knee,
as reflected by pain score, knee score and functional
score, following the mobile bearing UKA and performing
a comparison of the results between two groups of
patients with medial OA knees, namely those with and
without preoperative GR. The incidence of postoperative
GR and the hyperextension angles were also compared.

RESULTS

The pain score, knee score and functional score were
not significantly different between the two groups.
Similarly, the incidence of postoperative GR and the
measured hyperextension angles were not significantly
different between the two groups. The incidence of
postoperative GR was 1/32 (3.12%) in Group Ⅰ and
1/144 (0.69%) in Group Ⅱ (P = 0.34). The mean post
operative hyperextension angles were 2.40° ± 2.19°
(range: 1°-7°) for Group Ⅰ and 1.57° ± 3.51° (range:
1°-6°) for Group Ⅱ (P = 0.65).

CONCLUSION

Medial OA of the knee and concomitant GR is not a
contraindication for the mobile bearing UKA.

MATERIALS AND METHODS
Study design and patients

Key words: Unicompartmental knee; Genu recurvatum;
Osteoarthritis; Hyperextension knee; Knee arthroplasty;
Oxford knee

We conducted a prospective cohort study of patients
undergoing medial Oxford UKAs (Zimmer Biomet,
Bridgend, United Kingdom), performed by a single
surgeon, between January 2011 and November 2014
at the Thammasat University Hospital. The study was
approved by the Human Research Ethics Committee
of the Faculty of Medicine at Thammasat University.
The clinical trial is registered at ClinicalTrials.gov
(NCT02854189).
The patients were divided into two groups, with
Group Ⅰ consisting of 32 patients (32 knees) with
preoperative GR and Group Ⅱ consisting of 144
patients (144 knees) without preoperative GR. The
Group Ⅰ patients had hyperextension angle of more
[7]
than 5° . We enrolled patients with medial OA knees
of moderate to severe Alhback class (grades 2, 3
[10]
and 4) . The inclusion criteria were age older than
40 years, range of motion (ROM) greater than 90°,
varus deformity less than 25°, and flexion contractures
less than 20°. The exclusion criteria were diagnosis
with spontaneous osteonecrosis of the knee (SONK),
intraoperative anterior cruciate ligament insufficiency,
posttraumatic arthritis, gouty arthritis, inflammatory
joint disease, or history of a previous bilateral Oxford
UKA. OA of the patellofemoral joint, young age and
obesity were not considered contraindications for this
[1-3]
procedure .
We recorded demographic data on a standard
case record form, including age, sex, site, body mass
index, preoperative ROM (measured with a long-arm
©
[11]
goniometer), preoperative Knee Society Score (KSS) ,
and preoperative tibiofemoral angle from standing
anteroposterior knee radiograph (Table 1). The patients
attended follow-up at 6 wk, 3 mo, 6 mo, 1 year,
and annually thereafter. At each follow-up, a blinded
research assistant recorded each patient’s KSS (pain
score, knee score, and functional score). Incidence
of postoperative GR and the hyperextension angles

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is no previous study addressing the
results of mobile bearing unicompartmental knee
arthroplasty (UKA) in medial osteoarthritis (OA) knees
with preexisting genu recurvatum (GR). This study
determined the clinical outcomes and incidence of
postoperative GR of medial OA knees with and without
preexisting GR following mobile bearing UKA. Clinical
outcomes, postoperative GR and hyperextension angle
were evaluated at minimal 2 years of follow-up. Medial
OA knees with and without GR showed no difference
in clinical outcomes, incidence of postoperative GR or
hyperextension angle. Therefore, medial OA knee with
preoperative GR is not a contraindication for mobile
bearing UKA.
Pongcharoen B, Boontanapibul K. Outcomes of mobile bearing
unicompartmental knee arthroplasty in medial osteoarthritis
knee with and without preoperative genu recurvatum. World J
Orthop 2018; 9(9): 149-155 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i9/149.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.i9.149

INTRODUCTION
The mobile bearing unicompartmental knee arthroplasty
(UKA) has yielded excellent results in patients with
[1-6]
medial osteoarthritis (OA) of the knees . However,
some patients who do not have neuromuscular disorders
may develop medial OA of the knees and concomitant
genu recurvatum (GR). Moreover, some patients have
developed postoperative GR and shown poor clinical
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Table 1 Demographic data
Variable
Age
Sex, male/female
Site, right/left
BMI
Knee score
Pain score
Functional score
ROM (°)
Tibiofemoral angle (°)

Group Ⅰ (patients with preoperative genu recurvatum),
n = 32 knees

Group Ⅱ (patients without preoperative genu recurvatum),
n = 144 knees

P -value

65.10 ± 8.02 (57-76)
1/31
16/17
26.76 ± 3.69 (20.81-33.21)
34.10 ± 2.47 (27-44)
11.52 ± 4.42 (0-20)
54.69 ± 9.75 (30-65)
122.58 ± 4.17 (110-125)
Varus 5.45 ± 3.86 (0-20)

65.67 ± 7.40 (44-88)
14/130
70/74
26.26 ± 3.05 (20-42.22)
34.35 ± 2.62 (30-40)
11.75 ± 4.94 (0-20)
52.03 ± 10.13 (35-65)
119.37 ± 10.92 (90-130)
Varus 5.68 ± 3.99 (0-15)

0.71
0.31
0.91
0.47
0.61
0.23
0.18
0.10
0.77

BMI: Body mass index; ROM: Range of motion.

mmHg) and received 1 g cefazolin (intravenously). The
size of the femoral component was chosen preoperatively
using the X-ray template with a true lateral radiograph.
For the Group Ⅰ patients, there was an option of
operation using a larger femoral component when the
femoral component was between standard sizes or the
hyperextension angle was between 10°-20°. Use of a
larger femoral component will change the position at the
superior part of the distal femoral condyle and tighten
the extension gap, possibly preventing postoperative GR
(Figure 1).
An anteromedial skin incision was made from the
upper pole of the patella to the medial aspect of the
tibial tubercle. A mini-midvastus approach was applied
[13]
to all patients for prevention of patellar maltracking .
The patella was slightly subluxated laterally but was
not everted. Minimally invasive instrumentation was
used for all patients. The shaft of the tibial saw guide
was parallel to the long axis of the tibia to create 7°
tibial slope. The depth of the tibial bone cut was 2 mm
below the deepest part of the medial tibial plateau and
perpendicular to the mechanical axis. The posterior
condyle of the femur was then cut using intramedullary
femoral-guided instrumentation that connected the
femoral drill guide with the intramedullary (IM) link.
The flexion gap was set at 100° of flexion, then the
extension gap was set at 20° of flexion. The distal condyle
of the femur was cut by the milling technique, to create
equal flexion-extension gap. However, in Group Ⅰ patients,
the distal condyle of the femur were removed at 1 mm
less length than that of the Group Ⅱ patients, to tighten
the extension gap. If patients in Group Ⅰ showed slight
flexion contracture (< 10°) intraoperatively after applying
the trial prosthesis, the slight flexion contracture would
have been accepted; however, if the knee showed flexion
contracture more than 10°, the distal femur would have
been recut to create equal gap.
All operations used the same instrumentation to finish
the tibia and femur. Thirty millimeters of bupivacaine
was injected prior to closing the incision, with one
intraarticular drain (10-G) having been inserted before
closing. The operative time, blood loss volume and
occurrence of intraoperative fracture were recorded.

Figure 1 The extension gap will be tight when the knee moves beyond full
extension according to use of the larger-sized femoral component (dashed
lines).

were also recorded. The patients were subjected to
anteroposterior standing, lateral standing, skyline view
and long-leg radiographs and the component alignment
and tibiofemoral angles were recorded. Complications
such as infection, component loosening, fractures and
bearing dislocations were recorded.

Statistical analysis

The sample-size was calculated based on postoperative
KSS, to ensure detection of a clinical relevant difference
[12]
of 6 points using a standard deviation of 3.0 . It was
determined that having 30 knees in Group Ⅰ and 140
knees in Group Ⅱ would allow for 80% power at the
significance of 5%. Intergroup differences in age, knee
score, pain score, functional score, body mass index,
ROM, tibiofemoral angle, flexion contractures and GR
were assessed using the Student’s t-test. Intergroup
differences in incidence of GR, sex, ratio of sex and ratio
of operative site were assessed using the chi-square or
the Fisher’s exact test, as appropriate.

Surgical technique

All patients were anesthetized via spinal block with
morphine (0.1-0.2 mg). Prior to skin incision, all patients
were fitted with a thigh tourniquet (inflated to 300
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Table 2 Pain score, knee score and functional score at 2-yr follow-up
Group Ⅰ (patients with preoperative genu recurvatum), Group Ⅱ (patients without preoperative genu recurvatum),
P -value
n = 144 knees
n = 32 knees

Variable
Knee score, points
Pain score, points
Functional score, points

97.97 ± 2.49 (94-100)
48.94 ± 2.36 (45-50)
82.12 ± 4.85 (80-100)

96.91 ± 4.44 (81-100)
48.71 ± 2.63 (40-50)
82.55 ± 5.10 (65-100)

0.19
0.64
0.66

Table 3 Incidence of postoperative genu recurvatum and postoperative hyperextension angle
Group Ⅰ (patients with preoperative genu recurvatum), Group Ⅱ (patients without preoperative genu recurvatum),
P -value
n = 144 knees
n = 32 knees

Variable
Incidence of postoperative
genu recurvatum (%)
Hyperextension angle (°)

3.13 (1/32)

0.69 (1/144)

0.34

2.40 ± 2.19 (1-7)

1.57 ± 3.51 (1-6)

0.65

Enrollment

Anteromedial osteoarthritis knee with
alhback 2, 3 and 4 (n = 215)
Excluded (n = 12)
Intraoperative ACL insufficiency (n = 7)
SONK (n = 5)
Enrolled (n = 176)

Group Ⅰ: OA knee with preoperative genu
recurvatum (n = 32)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analyzed group Ⅰ (n = 32)

Allocation

Follow-up

Analysis

Group Ⅱ: OA knee without preoperative
genu recurvatum (n = 144)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analyzed Group Ⅱ (n = 144)

Figure 2 Flow chart protocol of this study. ACL: Anterior cruciate ligament; OA: Osteoarthritis; SONK: Spontaneous osteonecrosis of knee.

between the two groups (Table 2). The mean KSS
of patients in Group Ⅰ improved from 34.10 ± 2.47
(27-44) to 97.97 ± 2.49 (94-100), and the KSS of
patients in Group Ⅱ improved from 34.35 ± 2.62
(30-40) to 96.91 ± 4.44 (81-100) (Tables 1 and 2).
The incidence of postoperative GR was 3.13% in
Group Ⅰ compared to 0.7% in Group Ⅱ (P = 0.34), and
the mean postoperative hyperextension angle was 2.40°
± 2.19° (1°-7°) for Group Ⅰ compared to 1.57° ± 3.51°
(1-6) in Group Ⅱ (P = 0.65) (Table 3). No patient in
Group Ⅰ showed flexion contracture.
The postoperative ROM, postoperative tibiofemoral
angles, femoral component alignment, tibial component
alignment, posterior slope of the tibial component,
and operative times were not different between the
two groups (Table 4). This study did not observe any
postoperative complications, such as patellar crepitation,
infections, mobile bearing dislocation or component
loosening. However, one patient in Group Ⅱ did suffer
a medial tibial plateau fracture at 3 mo postopera
tively and was excluded from the study; this patient

RESULTS
Medial OA knees with and without preoperative GR less
than 19° have similar clinical outcome and incidence
of postoperative GR. A total of 176 patients (15 males
and 161 females) underwent unilateral mobile bearing
UKAs, and the total 176 knees were evaluated for
study entry (Trial profile, Figure 2). The patients’ ages
ranged from 43-88 years (mean: 65.30 years). Thirtytwo patients had preoperative GR and one hundred
and forty-four patients did not have preoperative GR.
All demographic and preoperative characteristics were
similar between the two groups.
The mean hyperextension angle of Group Ⅰ patients
was 7.03° ± 3.19° (5°-19°). The mean hyperextension
angle and flexion contracture of Group Ⅱ patients were
0.02° ± 0.19° (1°-2°) and 6.99° ± 5.03° (1°-18°),
respectively. Follow-up extended from 24 mo to 70
mo, for an overall mean of 37.66 mo; no patients
were lost to follow-up. The pain scores, knee scores
and functional scores were not significantly different
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Table 4 Postoperative range of motion, component alignment, postoperative tibiofemoral angle and operative time
Group Ⅰ (patients with preoperative genu recurvatum), Group Ⅱ (patients without preoperative genu recurvatum),
P -value
n = 144 knees
n = 32 knees

Variable
Postoperative ROM (°)
Postoperative
tibiofemoral angle (°)
Femoral component
alignment (°)
Tibia component alignment
(°)
Posterior slope of tibial
component (°)
Operative time in min

126.21 ± 5.30 (115-135)

123.30 ± 9.88 (90-145)

0.14

5.82 ± 1.55 (valgus 3-valgus 8)

5.66 ± 1.77 (valgus 2-valgus 10)

0.65

6.06 ± 1.43 (valgus 2-valgus 8)

5.99 ± 1.56 (valgus 2-valgus 10)

0.82

Varus 0.97 ± 0.92 (varus 3-valgus 1)

Varus 0.77 ± 1.19 (varus 3-valgus 2)

0.37

6.73 ± 1.92 (4-10)

6.31 ± 2.04 (2-10)

0.28

88.94 ± 10.59 (75-120)

93.01 ± 13.64 (65-130)

0.11

ROM: Range of motion.

underwent a revision TKA, with good result.

1). It is important to note, however, that an abnormally
large femoral component may also cause problems
with the patellofemoral joint; nonetheless, our study
showed no anterior knee pain, patellar crepitation or
patellar dislocation in the Group Ⅰ patients. Moreover,
the phases Ⅰ and Ⅱ of the Oxford mobile bearing UKA
used only a single size for the femoral component,
being applied to all patients, and no patients to date
have had to undergo surgical revision because of
[1,18]
patellofemoral joint problems
. Third, our study set
a tighter extension gap or slight flexion contracture in
some of the patients in Group Ⅰ, for prevention of GR.
However, no patients have presented flexion contracture
postoperatively, even after 2 years of follow-up.
Moreover, no patients have developed overcorrection
of the tibiofemoral joint. The tibiofemoral angle of
Group Ⅰ patients showed a greater valgus alignment
than that of Group Ⅱ patients, but this was within
normal limits. Fourth, all patients were encouraged
to perform quadricep exercises to improve quadricep
muscle power before and after the operation. Meding et
[19]
al
showed that weakness of the quadricep muscles
can cause GR.
Our study has some limitations that should be
considered when interpreting our findings. Firstly, the
hyperextension angle may represent an underestimation.
The pain may be uncomfortable for patients, resulting in
some reduction of knee hyperextension. Therefore, both
groups of patients might present higher hyperextension
angles. Secondly, our study showed that the patients
with preoperative GR of up to 19° have good clinical
outcomes following mobile bearing UKA; patients with
preoperative GR of more than 19° are now needed
to compare the clinical outcome with primary TKA or
constrained TKA. Thirdly, although the mean age of both
groups was similar, the age range was different for the
two groups (57-76 years for Group Ⅰ patients and 44-88
years for Group Ⅱ patients). Thus, the Group Ⅱ patients
may have presented better clinical outcome than the
generally older Group Ⅰ patients. However, the clinical
outcome of the Group Ⅰ patients was not different than
that of the Group Ⅱ patients. In conclusion, combined
GR and medial OA of the knee is not a contraindication

DISCUSSION
To the best of our knowledge, no previous study in the
publicly available literature has addressed the clinical
outcomes of the mobile bearing UKA in medial OA of
the knees in patients with preexisting GR. In the study,
the OA knees with and without preexisting GR showed
good clinical outcome following mobile bearing UKA.
The postoperative pain score, knee score and functional
score were no different between the two groups (i.e.,
with and without preexisting GR). The incidence of
postoperative GR and hyperextension angles were also
essentially the same for the two groups.
Previous studies have found that patients who had
preoperative GR tended to develop GR postoperatively,
and showed poor clinical outcome following TKA and
fixed bearing UKA applied using the standard surgical
[7-9]
technique
. Only one study has determined the
hyperextension angle of this group of patients following
[7]
TKA and fixed bearing UKA . In that study, the
hyperextension angles decreased from 6° ± 2° to 2° ±
4° after TKA and 7° ± 2° to 1° ± 3° after fixed bearing
[7]
[14]
UKA . Therefore, Mullaji et al
set a slightly tight
extension gap for medial OA knee with preoperative GR,
with the aim of preventing recurrent hyperextension
deformity following TKA. The patients with preexisting
GR were reported to have good clinical results and no
development of recurrent hyperextension deformity
[14]
with the tight extension gap .
In the present study, the patients who had pre
operative hyperextension angle up to 19° showed
excellent clinical outcome and did not develop post
operative GR at 3 years of follow-up (Figure 3). The
different results in our study compared to those from
the previous studies may be due to several issues.
First, the medial mobile bearing UKA has shown normal
or nearly normal biomechanics and kinematics, with
the knee joint stability, ligament tension and knee
[15-17]
alignment returning to predisease stage levels
.
Second, our study used a larger femoral component
when between sizes. The extension gap was tight, even
when knees were extended beyond full extension (Figure
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C

Figure 3 The preoperative and postoperative radiographic images of a patient with preoperative genu recurvatum. A: A hyperextension angle of 19°; B: A
hyperextension angle of 18°; C: A hyperextension angle of 14°.
might underlie the occurrence of OA knee with preexisting GR. Therefore, the
future research should focus on this yet unresolved issue.

for mobile bearing UKA, and good outcomes may be
expected.

Research objectives

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

The main objectives of this study were to determine the clinical outcomes
and the incidence of postoperative GR in medial OA knees with and without
preexisting GR.

Research background

Postoperative genu recurvatum (GR) has a tendency to develop in the medial
osteoarthritis (OA) knee with preexisting GR following total knee arthroplasty
(TKA) and unicompartmental knee arthroplasty (UKA). The prosthesis of
choice for medial OA knee with preexisting GR is controversial. Constrained
TKA has been chosen by some surgeons for prevention of postoperative GR,
even though the patients could develop early loosening of the prosthesis,
require early reoperation, and experience bone loss during revision TKA. The
present study found that the medial OA knee with preoperative GR (< 19°)
and without preoperative GR have similar clinical outcomes and determined
the incidence of postoperative GR following mobile bearing UKA. Use of the
normal biomechanic and kinematic parameters, while adjusting some steps
of the surgical technique, including a tighter extension gap with and without
application of larger femoral component, could prevent postoperative GR
following mobile bearing UKA.

Research methods

In this prospective cohort study, we used pain score, functional score and knee
score to compare patients having medial OA knees with and without preexisting
GR. The occurrence of postoperative GR and hyperextension angle were also
recorded. Follow-up extended from 24 mo to 70 mo, for a mean of 37.66 mo.
No patients were lost to follow-up.

Research results

Medial OA knees with and without preexisting GR showed similar clinical
outcomes and incidence of postoperative GR following mobile bearing UKA.
The mean Knee Society Score© was 97.97 for patients with preexisting
GR and 96.91 for patients without GR. The incidences of postoperative GR
were 3.13% and 0.7% for patients with preexisting GR and patients without
preexisting GR, respectively.

Research motivation

Medial OA knees with and without preexisting GR have shown good clinical
outcomes and no difference in incidence of postoperative GR following mobile
bearing UKA. However, the causes of OA knee with preexisting GR are unclear.
Quadricep muscle weakness from spondylosis or abnormal ligament tension

WJO|www.wjgnet.com

Research conclusions

Medial OA knee with preoperative GR is not a contraindication for mobile
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bearing UKA.
9

Research perspectives

Mobile bearing UKA with a little tight extension gap with and without use of a
larger femoral component could prevent postoperative GR in the medial OA
knee with preexisting GR. However, the causes of GR in OA knee patients
without neuromuscular disorder remain unclear and should be identified by
future studies.

10

11

REFERENCES
1

2

3

4

5

6

7

8

Murray DW, Goodfellow JW, O’Connor JJ. The Oxford medial
unicompartmental arthroplasty: a ten-year survival study. J Bone
Joint Surg Br 1998; 80: 983-989 [PMID: 9853489 DOI: 10.1302/0
301-620X.80B6.0800983]
Price AJ, Waite JC, Svard U. Long-term clinical results of the
medial Oxford unicompartmental knee arthroplasty. Clin Orthop
Relat Res 2005; (435): 171-180 [PMID: 15930935 DOI: 10.1097/0
0003086-200506000-00024]
Pongcharoen B, Reutiwarangkoon C. The comparison of anterior
knee pain in severe and non severe arthritis of the lateral facet of
the patella following a mobile bearing unicompartmental knee
arthroplasty. Springerplus 2016; 5: 202 [PMID: 27026898 DOI:
10.1186/s40064-016-1914-1]
Faour-Martín O, Valverde-García JA, Martín-Ferrero MA, VegaCastrillo A, de la Red Gallego MA, Suárez de Puga CC, AmigoLiñares L. Oxford phase 3 unicondylar knee arthroplasty through a
minimally invasive approach: long-term results. Int Orthop 2013;
37: 833-838 [PMID: 23503637 DOI: 10.1007/s00264-013-1830-8]
Clarius M, Hauck C, Seeger JB, Pritsch M, Merle C, Aldinger
PR. Correlation of positioning and clinical results in Oxford UKA.
Int Orthop 2010; 34: 1145-1151 [PMID: 19813012 DOI: 10.1007/
s00264-009-0881-3]
Xue H, Tu Y, Ma T, Wen T, Yang T, Cai M. Up to twelve year
follow-up of the Oxford phase three unicompartmental knee
replacement in China: seven hundred and eight knees from an
independent centre. Int Orthop 2017; 41: 1571-1577 [PMID:
28488164 DOI: 10.1007/s00264-017-3492-4]
Jiang L, Chen JY, Chong HC, Chia SL, Lo NN, Yeo SJ. Early
Outcomes of Unicompartmental Knee Arthroplasty in Patients
With Preoperative Genu Recurvatum of Non-neurological Origin.
J Arthroplasty 2016; 31: 1204-1207 [PMID: 26775838 DOI:
10.1016/j.arth.2015.12.029]
Siddiqui MM, Yeo SJ, Sivaiah P, Chia SL, Chin PL, Lo NN.
Function and quality of life in patients with recurvatum deformity
after primary total knee arthroplasty:s a review of our joint registry.

12

13

14

15

16

17

18

19

J Arthroplasty 2012; 27: 1106-1110 [PMID: 22153947 DOI:
10.1016/j.arth.2011.10.013]
Koo K, Silva A, Chong HC, Chin PL, Chia SL, Lo NN, Yeo
SJ. Genu Recurvatum versus Fixed Flexion after Total Knee
Arthroplasty. Clin Orthop Surg 2016; 8: 249-253 [PMID:
27583106 DOI: 10.4055/cios.2016.8.3.249]
Ahlbäck S. Osteoarthrosis of the knee. A radiographic
investigation. Acta Radiol Diagn (Stockh) 1968: Suppl 277: 7-72
[PMID: 5706059]
Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee
Society clinical rating system. Clin Orthop Relat Res 1989; (248):
13-14 [PMID: 2805470 DOI: 10.1097/00003086-198911000-00004]
Lee WC, Kwan YH, Chong HC, Yeo SJ. The minimal clinically
important difference for Knee Society Clinical Rating System after
total knee arthroplasty for primary osteoarthritis. Knee Surg Sports
Traumatol Arthrosc 2017; 25: 3354-3359 [PMID: 27324635 DOI:
10.1007/s00167-016-4208-9]
Pongcharoen B, Yakampor T, Charoencholvanish K. Patellar
tracking and anterior knee pain are similar after medial parapatellar
and midvastus approaches in minimally invasive TKA. Clin
Orthop Relat Res 2013; 471: 1654-1660 [PMID: 23361929 DOI:
10.1007/s11999-012-2778-5]
Mullaji A, Lingaraju AP, Shetty GM. Computer-assisted total knee
replacement in patients with arthritis and a recurvatum deformity.
J Bone Joint Surg Br 2012; 94: 642-647 [PMID: 22529084 DOI:
10.1302/0301-620X.94B5.27211]
Whittle MW, Jefferson RJ. Functional biomechanical assessment
of the Oxford Meniscal Knee. J Arthroplasty 1989; 4: 231-243
[PMID: 2795030 DOI: 10.1016/S0883-5403(89)80019-1]
Miller RK, Goodfellow JW, Murray DW, O’Connor JJ. In vitro
measurement of patellofemoral force after three types of knee
replacement. J Bone Joint Surg Br 1998; 80: 900-906 [PMID:
9768906 DOI: 10.1302/0301-620X.80B5.8460]
Price AJ, Rees JL, Beard DJ, Gill RH, Dodd CA, Murray DM.
Sagittal plane kinematics of a mobile-bearing unicompartmental
knee arthroplasty at 10 years: a comparative in vivo fluoroscopic
analysis. J Arthroplasty 2004; 19: 590-597 [PMID: 15284980 DOI:
10.1016/j.arth.2003.12.082]
Goodfellow JW, Kershaw CJ, Benson MK, O’Connor JJ. The
Oxford Knee for unicompartmental osteoarthritis. The first 103
cases. J Bone Joint Surg Br 1988; 70: 692-701 [PMID: 3192563
DOI: 10.1302/0301-620X.70B5.3192563]
Meding JB, Keating EM, Ritter MA, Faris PM, Berend ME. Total
knee replacement in patients with genu recurvatum. Clin Orthop
Relat Res 2001; (393): 244-249 [PMID: 11764354 DOI: 10.1097/0
0003086-200112000-00027]
P- Reviewer: Fernandez-Fairen M, Kuru T, Liu J
S- Editor: Ji FF L- Editor: A E- Editor: Song H

WJO|www.wjgnet.com

155

September 18, 2018|Volume 9|Issue 9|

World J Orthop 2018 September 18; 9(9): 156-164

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.5312/wjo.v9.i9.156

ISSN 2218-5836 (online)

ORIGINAL ARTICLE
Randomized Clinical Trial

Acute effects of partial-body vibration in sitting position
Yannik Faes, Nora Banz, Nathalie Buscher, Angela Blasimann, Lorenz Radlinger, Patric Eichelberger, Achim
Elfering
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Yannik Faes, Nora Banz, Nathalie Buscher, Achim Elfering,
Department of Work and Organizational Psychology, University
of Bern, Bern 3012, Switzerland
Angela Blasimann, Lorenz Radlinger, Patric Eichelberger,
Department of Health Professions, Bern University of Applied
Sciences, Bern 3008, Switzerland
ORCID number: Yannik Faes ( 0000-0002-0062-9058 );
Angela Blasimann ( 0000-0003-0934-8284 ); Lorenz
Radlinger ( 0000-0002-0326-6264 ); Achim Elfering
(0000-0003-4274-0261).

Manuscript source: Invited manuscript
Correspondence to: Achim Elfering, MSc, PhD, Professor,
Department of Work and Organizational Psychology, University
of Bern, Fabrikstrasse 8, Bern 3012,
Switzerland. achim.elfering@psy.unibe.ch
Telephone: +41-31-6313639

Author contributions: Faes Y, Banz N and Buscher N designed
the study, performed the experiment, did the analyses and wrote
the manuscript; Blasimann A and Radlinger L provided support
at the physiological measurements; Eichelberger P constructed
the vibration platform and provided technical support in relation
to the vibration platform; Elfering A supervised the design of the
study and analyses and wrote the manuscript.

Received: March 28, 2018
Peer-review started: March 29, 2018
First decision: May 2, 2018
Revised: May 20, 2018
Accepted: May 23, 2018
Article in press: May 23, 2018
Published online: September 18, 2018

Institutional review board statement: This study was reviewed
and approved by the ethical committee of the responsible
University faculty (University of Bern; Nr. 2016-5-000004).
Clinical trial registration statement: This study includes no
patients and is not registered.

Abstract
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AIM

To investigate the acute effects of sinusoidal and
stochastic resonance partial-body vibration in sitting
position, including muscle activity, heart rate variability,
balance and flexibility.

Conflict-of-interest statement: All author(s) state that for
the current paper there is no financial or other relationship that
might lead to a conflict of interest. There is no financial or other
involvement of any stakeholders.

METHODS

Fifty healthy participants were assigned randomly to two
training conditions: A sinusoidal partial-body vibration
(SIN, 8 Hz) or a stochastic resonance partial-body
vibration (STOCH, 8 ± 2 Hz). For baseline assessment
participants sat on the vibration platform without
vibration. Both training conditions consisted of five series
of a one-minute vibration training and a one-minute

Data sharing statement: No additional data are available.
CONSORT 2010 statement: The guidelines of the CONSORT
2010 statement had adopted.
Open-Access: This article is an open-access article, which was
selected by an in-house editor and fully peer-reviewed by external
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break between them. In this experimental study surface
electromyography (EMG) of the erector spinae (ES), one
of the back muscles, and heart rate variability (HRV) was
measured at baseline and during training. Balance and
flexibility were assessed at baseline and immediately
after training. Balance was measured with the modified
star excursion balance test (mSEBT) and flexibility was
assessed through the modified fingertip-to-floor method
(mFTF).

these are the highest costs for non-communicable
diseases. Long-lasting vibration exposure at work has
shown to be a risk factor for musculoskeletal diseases
[3]
(MSD) , whereas a brief vibration experience may lead
[4]
to beneficial training effects .
Thereby, stochastic resonance whole-body vibration
[5,6]
(SR-WBV) is especially promising . Compared to
sinusoidal vibration which common vibration platforms
are working with, stochastic vibration is random and
[7,8]
uses lower frequency vibration exposure up to 12 Hz .
Effects of SR-WBV at the worksite are auspicious,
[9]
especially in those with chronic MSD . As cardiovascular
[10]
load during SR-WBV is low , no sweating occurs
during the training, making it especially promising for
workplace interventions. Musculoskeletal well-being
increased after a 4-wk SR-WBV training in workers of a
[11]
steel manufacturing company . The same was reported
for employees that engaged in sedentary work. With
those who suffered from back pain prior to SR-WBV
[12]
profiting the most . These positive effects of SR-WBV
also appeared in employees of a university hospital after
a 8-wk randomized controlled trial, having the highest
[13]
impact on those with baseline health restraints . SRWBV is practiced in standing position. However, some
older individuals and individuals in a wheel-chair may
[14]
not be able to stand. As suggested by Eichelberger in
a single-case study vibration training in sitting position
might be “advantageous in deconditioned persons,
who suffer from frailty, musculoskeletal complaints,
Parkinson’s disease, multiple sclerosis or after a stroke”.
Therefore, this experimental study investigates partialbody vibration in sitting position and its related acute
effects.

RESULTS

Paired sample t -test showed a significant increase
in balance that was restricted to STOCH (t = -2.22,
P = 0.018; SIN: t = -0.09, P = 0.466). An increase
in flexibility was also restricted to STOCH (t = 2.65,
P = 0.007; SIN: t = 1.41, P = 0.086). There was no
significant change of muscle activity in the ES-EMG in
STOCH or SIN conditions. In both training conditions,
HRV decreased significantly, but remained in a low-load
range (STOCH: t = 2.89, P = 0.004; SIN: t = 2.55, P =
0.009).

CONCLUSION

In sitting position, stochastic resonance partial-body
vibration can improve balance and flexibility while
cardiovascular load is low. STOCH can be a valuable
training option to people who are unable to stand (e.g. ,
people, who are temporarily wheelchair-bound).
Key words: Partial-body vibration; Balance; Flexibility;
Sinusoidal; Stochastic resonance
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Partial-body vibration in sitting position

Core tip: This experimental study shows an immediate
improvement of balance and flexibility after one training
session of stochastic resonance partial-body vibration
(STOCH) in sitting position. STOCH in sitting position
is a promising complement to stochastic resonance
whole-body vibration (SR-WBV) in standing position,
especially for individuals who are unable to do SR-WBV
(e.g. , people who are temporarily wheelchair-bound).

Thereby, this study tests both, sinusoidal partial-body
vibration (SIN) and stochastic resonance partial-body
vibration (STOCH). We use the same vibration device
[14]
as Eichelberger . In standing, as well as in sitting
position, especially stochastic vibration provoked muscle
[14,15]
[10,16]
activity
while cardiovascular activation was low
.
Low cardiovascular activation makes stochastic vibration
an appropriate training tool for older individuals and
[5]
people with health problems .
According to previous research with whole-body
vibration in standing position, we expect an increased
muscle activity of the erector spinae (ES), one of the
back muscles, during partial-body vibration in sitting
position (H1). In addition, we expect low or absent
cardiovascular activation during partial-body vibration
in sitting position. Hence, heart rate variability (HRV)
during training is expected to be unchanged or only
slightly lower than during baseline measurement (H2).

Faes Y, Banz N, Buscher N, Blasimann A, Radlinger L,
Eichelberger P, Elfering A. Acute effects of partial-body vibration
in sitting position. World J Orthop 2018; 9(9): 156-164 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v9/i9/156.
htm DOI: http://dx.doi.org/10.5312/wjo.v9.i9.156

INTRODUCTION
Musculoskeletal diseases (MSD) are among the most
[1]
[2]
common global health problems . Wieser, Tomonaga
calculated the direct costs of MSD for the Swiss health
system to be between CHF 8.7 and 11.4 billion per year.
Together with cardiovascular diseases (10.3 billion),
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Better balance, better flexibility

In Switzerland, every fourth accident is due to a slip,
[17]
trip and fall incident . They are also the most frequent
[18]
accidents among office workers . Better balance
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prevents slip, trip and fall incidents . Aside from
promising effects on musculoskeletal wellbeing, positive
effects of SR-WBV were also found on surefootedness
[12]
and balance in white-collar employees and in health[13]
care professionals . Hence, we expect balance to be
better after partial-body vibration training compared to
baseline (H3).
Previous studies showed an increase of flexibility
[20]
due to whole-body vibration training in the elderly , in
[21]
[21]
healthy, young adults as well as in young gymnasts .
In consequence, we expect flexibility after partial-body
vibration training to be better than at baseline (H4).

pants for each training condition SIN and STOCH. The
inclusion criterion for the participants was to be in good
health. The exclusion criteria were being pregnant,
having osteosynthesis material (such as implants,
screws, etc.) in the body, musculoskeletal disorders,
joint problems (especially regarding the knee, hip and
back), herniated discs, rheumatism (such as spondylitis,
gout, osteoporosis, osteoarthritis), cardiovascular
complaints and disorders related to the sense of
balance (such as a hearing loss). Twenty-six participants
took part in each training condition, so overall 52
participants participated in the study. Due to a broken
cable, EMG measurements of two participants were not
recorded. Therefore, these data sets were removed for
data analysis. Participants who were students at the
associated university were rewarded with two of 15
mandatory hours as a participant in studies.

How stochastic vibration works

While vibration frequency at sinusoidal vibration is
constant, stochastic vibration changes randomly within a
frequency range. Ward and colleagues defined stochastic
resonance as “a nonlinear cooperative effect wherein the
addition of a random process, or “noise” to a weak signal,
or stimulus results in improved detectability or enhanced
[22]
information content in some response” . During
stochastic vibration, upcoming vibration movements can
not be anticipated by the human body, so it is constantly
challenged to adapt its neural and muscular reactions.
Moreover, the human body shows no muscular fatigue
[8,23-25]
during the application
. It seems that an interaction
of different types of neurophysiologic sensors is provoked
by stochastic vibration while afferent and efferent signals
are adjusted. This probably acts as exercise for the
[8]
sensorimotor system .
In the current experimental study, we randomly
assigned participants to SIN and STOCH. We expect
both, SIN and STOCH to have acute effects on activity
of surface electromyography (EMG), HRV, balance, and
flexibility. Differences in training effectiveness between
SIN and STOCH are likely to emerge only after longer
training periods. However, based on previous findings
on sinusoidal versus stochastic vibration in whole-body
vibration training, we expect changes in muscle activity,
HRV, balance, and flexibility to be more distinct in
stochastic training condition than in sinusoidal training
condition.

Vibration platform

The vibration platform used in this study is a functional
prototype consisting of a plate with a hydraulic
vibration, constructed specifically for vibration training
in sitting position. The device provides a range of
motion of ± 13° around each of the three rotation axes
and frequencies up to 15 Hz. Stochastic vibration can
be introduced through random variation of frequency,
amplitude or rotation axis. The chosen amplitude and
frequency of the vibration was recommended by one of
[14]
the co-authors (PE ). During SIN, an amplitude of 0.5°
was applied in medial-lateral direction during a vibration
frequency of 8 Hz. During STOCH, amplitude as well as
frequency varied over a spectrum of 25%.

Muscle activity

The study was performed in consensus with all require
ments defined by the Swiss Society of Psychology and
was conducted with the understanding and the consent
of the human subject. The Ethical Committee of the
responsible University faculty (University of Bern) has
approved the study (No. 2016-5-000004).

Measurements of the muscle activity of the ES during
MVC, baseline and training session were recorded for
each participant. Therefore, surface electrodes were
®
used (Ambu BlueSensor N, Synmedic AG, Zürich)
and “placed at 2 finger width lateral from the proc.
spin. of L1” according to the SENIAM recommendation
(Surface Electromyography for the Non-Invasive
[26]
Assessment of Muscles) . EMG signals were forwarded
from a transmitter (TeleMyoTM 2400T G2, Noraxon
Inc. United States, Velamed GmbH, Medizintechnik
und Biomechanische Konzepte, Köln, Germany) to a
receiver (TeleMyoTM 2400R Receiver, Noraxon Inc.
United States, Velamed GmbH, Medizintechnik und
Biomechanische Konzepte, Köln, Germany), which
transformed these digital signals into analogue outputs.
For recording and processing the data, the software
©
ADS (analog and digital signal processing , uk-labs,
Kempen, Germany) was used.

Participants

Heart rate variability

MATERIALS AND METHODS
Ethics

The measurement of the R-R intervals (the interval
from the onset of one R wave to the onset of the next
[27]
one ) was taken while the participant was sitting
on the vibration platform during baseline and training

Expecting a moderate effect size (d = 0.5) for the
t-test analysis between two dependent means and
a requirement of 80% power to detect an existing
difference, the required sample size was 26 partici
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of the floor . Therefore, negative values indicate a
better flexibility than positive values. This test measures
unspecific flexibility because spine, pelvis, hip joint and
[34]
[33]
arms are involved . Gauvin, Riddle report high testretest reliability (r = 0.98), as well as high inter-tester
reliability (r = 0.95) of the mFTF. Stiffness is reported
to be higher in the morning and a maximum of flexibility
[35]
occurs between midday and midnight . In order
to partly control for stiffness and provide similar test
conditions, every participant was tested in the afternoon
or early evening.

Procedure

Figure 1 Placement of the electrodes according to SENIAM[27].

The study was conducted at the movement laboratory
of Bern University of Applied Sciences, Applied Research
and Development Physiotherapy. To make sure the
procedure was standardized, a case report form (CRF)
was prepared. The measurements for one participant
lasted approximately 90 min. During this time two of
three examiners (YF, NB, NB) needed to be present. The
first examiner took the lead with the measurements,
while the second examiner acted as his assistant. To
prevent error due to monotony and routine, the role of
the first and second examiner was changed regularly
between the three examiners. After reading the studyinformation, participants signed a consent form. While a
surface EMG electrode was placed on the ES (Figure 1),
participants answered a demographical and behavioral
©
questionnaire using Qualtrics ( 2016 Qualtrics LLC),
©
installed on an iPad Air2 ( 2015 Apple Inc.). With an
impedance meter (Digitimer model D175, Digitimer
Ltd. Welwyn Garden City, United Kingdom) the skin
resistance was tested and rated as sufficient being
equal or lower as 5 kΩ. Afterwards, a measurement
of a maximum voluntary contraction (MVC) of the ES
was made in order to be used as reference value for
[36]
the EMG measurements, rated as 100% . While lying
prone on a bench, participants were asked to extend
their back against one examiner’s resistance. With
[36]
this standardized test , MVC values of the ES were
captured. For the MVC measurements, the participants
were asked to hold the MVC 3 times for 5 s.
For the following baseline measurements, the
participants had to sit on the vibration platform in an
upright position (Figure 2). They were asked to keep
calm and to focus on a black point on the wall at a
distance of 2.5 m while no vibration occurred for one
minute. During this time muscle activity and HRV were
recorded. Then, participants were asked to complete the
modified star excursion balance test (mSEBT) of Hertel,
[29]
Braham
to assess balance. They were instructed
to start with arms akimbo, then stand on one leg and
stretch out the other leg as far as possible to touch the
floor with the tip of their toes. The maximum distance
reached without losing balance or lifting the supporting
leg was measured and noted. The same procedure
was repeated five times in three directions (anterior,
posteromedial and posterolateral) with both legs.

Figure 2 Sitting position on the vibration platform. HRV: Heart rate
variability; EMG: Electromyography.

session. HRV was measured with Polar V800 and heart
©
rate sensor Polar H7 ( Polar Electro 2016). Giles,
[28]
Draper
showed that R-R intervals and HRV do
not differ between recordings from Polar V800 and
electrocardiography (ECG).

Balance

Balance was measured using the modified star excursion
[29]
balance test (mSEBT) from Hertel, Braham
once
after baseline condition and once after training session.
The mSEBT measures dynamic balance into the three
directions anterior, posteromedial and posterolateral.
[30]
[31]
According to Gribble, Kelly and Hertel, Miller intratest reliability (r = 0.84 to 0.93) and test-retest reliability
(r = 0.89 to 0.93) are high. To exclude effects related
to gender, it was important to normalize excursion
[32]
distances to individual leg length of each participant .

Flexibility

The modified fingertip-to-floor method (mFTF) was used
to assess flexibility. It was measured once after baseline
condition and once after training session. Compared
to the fingertip-to-floor method (FTF), the mFTF has
the advantage that the participant stands on a box, so
that measurements can be taken of participants who
are able to touch the floor or reach beyond the level
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Table 1 Descriptive and inferential statistics
STOCH (n = 25)
Variable
Sex (m, f)
Age (yr)
BMI (kg/m²)
Sport (1 “rarely” - 6 “prof.”)
Smoking (s, ns)
Last time nicotine (h)
Last time caffeine (h)
EMG ES (%MVC)
HRV (RMSSD, ms)
Balance-test (cm)
Flexibility-test (cm)

M
7m, 18f
25.12
22.81
2.25
7s, 18ns
25.86
7.65
29.67
35.21
73.34
-2.02

SD
2.89
3.81
1.11
21.71
8.25
22.43
16.77
8.23
9.2

SIN (n = 25)
M
10m, 15f
25.40
23.54
2.36
8s, 17ns
7.75
9.40
25.17
35.69
77.77
-2.01

SD
4.38
3.50
1.08
16.35
9.08
18.50
19.52
6.75
9.54

t

P

-0.89
0.27
0.70
0.35
0.30
-1.84
0.64
-0.77
0.09
2.08
0.001

0.381
0.791
0.487
0.727
0.763
0.089
0.527
0.443
0.926
0.043
0.999

EMG: Electromyography, muscular activation expressed as percentage of peak activation measured at maximal voluntary contraction (%MVC) of the lower
back muscle erector spinae (ES); HRV: Heart rate variability was measured with the square root of the mean of the sum of the squares of the differences
(RMSSD). Balance was measured using the modified star excursion balance test (mSEBT) and expressed in centimeter; Flexibility was assessed with the
fingertip-to-floor method (mFTF) and expressed in centimeter.

participant attended in SIN, the second in STOCH and
so forth. Participants were blinded with respect to their
training condition. However, a blinding of the examiners
was not feasible.
The session consisted of five series, which lasted
one minute each, with a one-minute break in be
tween. This training regime with five series of a oneminute vibration training was based more on empirical
experience from other studies about stochastic vibration
[11,12]
training
than on scientific evidence, because the
training parameters of stochastic vibration training show
a wide range of applications that are not as well known
[38]
as they are for strength or endurance training . A
vibration frequency of 8 ± 2 Hz was recommended for
the STOCH condition, so acceleration exposure on the
[14]
body was low . For a better comparison, 8 Hz were
selected for the SIN condition, too. During the training
session, the participant was again sitting in an upright
position on the vibration platform focusing on a point on
the wall at a distance of 2.5 m while muscle activity and
HRV were recorded. After the training session, the same
measurements of balance and flexibility as described
above were repeated. The whole procedure is shown in
Figure 3.

Baseline (no vibration, sitting in upright posture)
Measured: HRV and EMG
PRE-measurements: Balance and flexibility

Sinus group
Sinusoidal partial-body vibration
(SIN) at 8 Hz
Measured: HRV and EMG

Stochastic group
Stochastic resonance partial-body
vibration (STOCH) 8 Hz +/- 2 Hz
Measured: HRV and EMG

POST-measurements: Balance and flexibility

Figure 3 Flowchart of the procedure. EMG: Electromyography, muscular
activation of the lower back muscle erector spinae (ES); HRV: Heart rate
variability was measured with Polar V800. Balance was measured using the
modified star excursion balance test (mSEBT) and expressed in centimeter;
Flexibility was assessed with the fingertip-to-floor method (mFTF) and
measured in centimeter.
[37]

As reported by Blasimann , flexibility was assessed
through the modified fingertip-to-floor method (mFTF).
For this test participants stood on a box with both
ankles touching each other. They were then instructed
to keep their legs and arms straight and bend over
as far as possible to push down a control bar in front
of them. After one trial run, the same procedure was
performed three times. While the first examiner gave
verbal instructions, the second examiner wrote down
the finger-floor distance in mm and put the control
bar back to the starting position. After these tests,
the baseline measurement was over and the training
session began.
Participants were randomly assigned to SIN (8
Hz) or STOCH (8 ± 2 Hz). As the sequence of the two
training conditions was alternated across trials in the
movement laboratory, randomization was achieved
through time of participation, which means that the first
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Statistical analysis

Muscle activity, HRV as well as balance and flexibility
were analyzed in a dependent sample t-test to examine
differences between baseline and training conditions.
Since all the hypotheses were directed, P-values were
one-tailed with an α-level set at 5%. HRV, balance and
flexibility were approximately normally distributed (P >
0.05), whereas EMG was not approximately normally
distributed as assessed by the Kolmogorov-Smirnov[39]
Test, P < 0.05. However, according to Field
the
analyses of the hypotheses can be considered robust
against violations of the normal distribution due to the
same group size. Pearson’s descriptive statistics for the
collected variables are shown in Table 1.
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Table 2 Results of t -tests for each training condition
STOCH (n = 25)

EMG ES (%MVC)
HRV (RMSSD, msec)
Balance-test (cm)
Flexibility-test (cm)

BL
mean ± SD
29.67 ± 22.43
35.21 ± 16.77
73.34 ± 8.23
-2.02 ± 9.20

T
mean ± SD
32.32 ± 24.03
29.10 ± 12.64
75.28 ± 9.35
-2.53 ± 9.08

SIN (n = 25)

t

P

-0.96
2.89
-2.22
2.65

0.174
0.004
0.018
0.007

BL
mean ± SD
25.17 ± 18.50
35.69 ± 19.52
77.77 ± 6.75
-2.01 ± 9.54

T
mean ± SD
26.07 ± 14.73
29.60 ± 12.90
77.82 ± 6.12
-2.55 ± 9.75

t

P

-0.51
2.55
-0.09
1.41

0.307
0.009
0.466
0.086

Left: Stochastic resonance partial-body vibration (STOCH) at Baseline (BL) and Training condition (T); Right: Sinusoidal partial-body vibration (SIN) at BL
and T; EMG: Electromyography, activation expressed as percentage of activation measured at maximal voluntary contraction (%MVC) of the lower back
muscle erector spinae (ES); HRV: Heart rate variability was measured with the square root of the mean of the sum of the squares of the differences (RMSSD);
Balance was measured using the modified star excursion balance test (mSEBT) and flexibility with fingertip-to-floor method (MFTF).

ficantly lower during vibration training (29.34 ± 12.65
ms) than during baseline measurement (35.45 ± 18.01
ms).
Focusing on both training conditions, STOCH (t =
2.89, P = 0.004, n = 25) and SIN (t = 2.55, P = 0.009,
n = 25) have a significant effect on HRV. HRV during
STOCH (29.10 ± 12.64 ms) as well as during SIN (29.60
± 12.90 ms) were both significantly lower compared to
baseline measurements (35.21 ± 16.77 ms) and (35.69
[40]
± 19.52 ms) accordingly. Effect sizes using Cohen’s d
on HRV for overall vibration was d = 0.355, for STOCH
d = 0.342 and d = 0.320 for SIN, respectively.

RESULTS
Participant characteristics

Data of 50 healthy participants (33 females and 17
males, mean age = 25.3 years, SD = 3.7 years; BMI
= 23.17 ± 3.64), assigned evenly to STOCH, SIN
respectively, were analyzed in this study. Datas of
twenty-five participants for each group STOCH and SIN
were analyzed. The two groups showed no significant
differences in any demographic characteristics or in
baseline muscle activity, HRV or flexibility. However,
balance in the SIN group was significantly better (longer
distance reached) at baseline than in the STOCH group.
T-test results and descriptive statistics for both training
conditions are shown in Table 2.

Increase in balance after STOCH and SIN (H3)

A significant effect on balance was found after overall
vibration training (t = -1.83, P = 0.037, n = 50). Com
pared to baseline measurement (75.55 ± 7.77 cm),
overall values for balance were significantly higher after
vibration training (76.55 ± 7.92 cm).
Specifically, a significant effect was found after
STOCH (t = -2.22, P = 0.018, n = 25) but not after SIN
(t = -0.09, P = 0.466, n = 25). Balance was significantly
increased after STOCH (75.28 ± 9.35 cm) compared
to baseline measurement (73.34 ± 8.23), but not
after SIN (77.82 ± 6.12 cm) compared to baseline
measurement (77.77 ± 6.75 cm). Effect size using
[40]
Cohen’s d
on balance for overall vibration was d =
-0.127, for STOCH d = -0.216 and for SIN d = -0.008.

Higher muscle activity of the ES during STOCH and SIN
(H1)

Overall, vibration training had no significant effect
on muscle activity of the ES (t = -1.09, P = 0.140, n
= 50). Although not significantly, muscle activity of
the ES tended to be slightly higher during vibration
training (29.20 ± 19.98 %MVC) than during baseline
measurement (27.42 ± 20.47 %MVC).
Focusing on both training conditions, there was also
no significant effect of STOCH (t = -0.96, P = 0.174, n =
25) and SIN (t = -0.51, P = 0.307, n = 25) on muscle
activity of the ES found. Although not significantly,
muscle activity of the ES tended to be slightly higher
during STOCH (32.32 ± 24.03 %MVC) than during
baseline measurement (29.67 ± 22.43 %MVC) and
also higher during SIN (26.07 ± 14.73 %MVC) than
during baseline measurement (25.17 ± 18.50 %MVC).
[40]
According to Cohen , effect sizes are described as
small (d = 0.2), medium (d = 0.5), and large (d ≥ 0.8).
[40]
Effect sizes using Cohen’s d for muscle activity of the
ES for overall vibration was d = -0.087, for the STOCH
group d = -1.136 and for the SIN group d = -0.490.

Increase in flexibility after STOCH (H4)

Overall, vibration training had a significant effect on
flexibility (t = 2.49, P = 0.008, n = 25). Flexibility was
significantly increased after overall vibration training
(-2.54 ± 9.33 cm) compared to baseline measurement
(-2.02 ± 9.27 cm). Specifically, a significant effect on
flexibility could only be found after STOCH (t = 2.65,
P = 0.007, n = 25), but not after SIN (t = 1.41, P =
0.086, n = 25). Flexibility was significantly increased
after STOCH (-2.53 ± 9.08 cm) compared to baseline
measurement (-2.02 ± 9.20 cm), but not after SIN
(-2.55 ± 9.75 cm) compared to baseline measurement
[40]
(-2.01 ± 9.54 cm). Effect size using Cohen’s d
on
flexibility for overall vibration was d = 0.057, for STOCH

Lower HRV during STOCH and SIN (H2)

A significant effect on HRV was found during overall
vibration training (t = 3.86, P = 0.0003, n = 50)
compared to baseline measurement. HRV was signi
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[45]

d = 0.058 and d = 0.055 for SIN, respectively.

more serious compared to those from SR-WBV . As
[14]
mentioned by Eichelberger, Fankhauser STOCH might
be advantageous in deconditioned persons, who suffer
from frailty, musculoskeletal complaints, Parkinson’s
disease, multiple sclerosis or after a stroke. Because
the training was on a prototype of a vibration platform,
which effects were only tested in a single case study
[14]
before , it was important that our participants were
healthy.
In longitudinal studies SR-WBV showed promising
[11-13]
results to increase musculoskeletal well-being
. As
SR-WBV is practiced in standing position, these results
are limited to the standing position. Therefore, further
longitudinal studies should focus on SIN and STOCH
in sitting position to make these benefits available to
people who are unable to do SR-WBV (e.g., people who
are temporarily wheelchair-bound).
With this study we were able to make the first step
in this direction. We found an immediate improvement
of balance and flexibility after one training session of
STOCH while cardiac-activation was low, but could not
find a higher muscle activity of the ES in the lower
back during the training session. This study had an
experimental design, and many potential confounders
were controlled by randomization. The participants were
blinded with respect to their training condition. However,
a blinding of the primary investigator was not feasible.
As only one superficial back muscle was measured,
there might have been an increase of muscle activity in
other back muscles which were not measured.

DISCUSSION
In the current experimental study, we expected both,
SIN and STOCH to have acute effects on muscle activity,
HRV, balance, and flexibility. Although differences in
training effectiveness between the two groups are
only likely to emerge after longer training periods, we
expected changes in measured variables to be more
distinct in stochastic training condition than in sinusoidal
training condition.
Activity of the ES muscle did not increase with
vibration training (H1). This finding goes against our
expectation. A possible explanation could be, that
the ES was already active during sitting position with
upright posture at baseline measurement, so there
was no significant increase of muscle activity during
vibration training. Further studies on vibration training
in the sitting position should focus on that. Our second
hypothesis was confirmed, as there was a significant,
but low cardiovascular activation in HRV, that was
lower during training than at baseline (H2). Although
HRV significantly decreased, it maintained in a low[41]
[10,16]
load range . In line with findings from SR-WBV
,
cardiovascular activation was low. The method seems
suitable for older individuals and patients with mild
cardiovascular problems. As expected, balance (H3)
and flexibility (H4) significantly increased.
Looking at separate analyses for training effective
ness in sinusoidal and stochastic vibration conditions,
the stochastic vibration condition seemed to contribute
more to overall changes than the sinusoidal vibration
condition. Balance and flexibility increased significantly
after one training session of STOCH, but not after SIN.
This indicates that positive effects from previous studies
about stochastic vibration in standing position would
[12,15,42]
also appear in sitting position
. Group differences
can not be explained by differences in muscular activity
of the ES.
To assess cardiac activity, we measured HRV
during SIN and STOCH. HRV is also known as a stress
[43,44]
index
. As this study was conducted on a prototype
of a vibration platform, participants would possibly be
somewhat anxious about the experiment. As expected,
HRV was significantly lower during STOCH than SIN but
the RMSSD-value was within the range of 27 ± 12 at all
time as is recommended by Task Force of the European
[41]
Society of Cardiology . This implies that cardiac
activation and/or stress level during SIN and STOCH
was still low.
SR-WBV training seems to be a safe training inter
vention. Very few side effects of whole-body vibration
were reported in a review of 112 studies. 104 studies
that used sinusoidal whole-body vibration, reported
0.00120% side effects, whereas eight studies used SRWBV and reported 0.00069% side effects. Additionally,
side effects from sinusoidal whole-body vibration were
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Stochastic resonance whole-body vibration (SR-WBV) is a promising healthintervention at the worksite. In previous works including 4 or even 8 weeks of
training, SR-WBV was found to improve musculoskeletal pain and balance,
measured as self-report and as recorded body sway on a balance platform.
Improved balance is connected to a lower risk of slips and falls. Short trials of
SR-WBV that amount to less than 10 min can be done at a worksite without a
change of clothes or shoes. Cardiovascular demand with 5 Hz SR-WBV is low
and permits SR-WBV in the untrained or elderly workforce.

Research motivation

SR-WBV is practiced in standing position. However, some older individuals
and individuals in a wheel-chair may not be able to stand. Therefore, this
experimental study investigates partial-body vibration in sitting position and its
related acute effects.

Research objectives

The objective of this study was to investigate and quantify the acute effects of
partial-body vibration in sitting position on muscle activity, heart-rate variability,
balance and flexibility.

Research methods

The vibration platform used in this study is a functional prototype, constructed
specifically for vibration training in sitting position. Every participant attended
a baseline and a training condition. For baseline assessment participants sat
on the vibration platform without vibration. The training condition was either a
sinusoidal partial-body vibration (SIN, 8 Hz) or a stochastic resonance partialbody vibration (STOCH, 8 ± 2 Hz). Surface electromyography (EMG) of the
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erector spinae (ES), one of the back muscles, and heart rate variability (HRV)
were measured at baseline and during training. Balance and flexibility were
assessed at baseline and immediately after training. Balance was measured
with the modified star excursion balance test (mSEBT) and flexibility was
assessed through the modified fingertip-to-floor method (mFTF).

8

Research results

10

9

Paired sample t-test showed a significant increase in balance (STOCH: t =
-2.22, P = 0.018; SIN: t = -0.09, P = 0.466) as well as in flexibility (STOCH: t =
2.65, P = 0.007; SIN: t = 1.41, P = 0.086) only after stochastic vibration in sitting
position. There was no significant change of muscle activity in the ES-EMG
in both training conditions. Also, HRV decreased significantly in both training
conditions, but remained in a low-load range (STOCH: t = 2.89, P = 0.004; SIN:
t = 2.55, P = 0.009).

11

12

Research conclusions

This experimental study showed benefits in balance and flexibility only for
stochastic but not for sinusoidal vibration. Stochastic vibration in sitting position
could be a promising complement to stochastic resonance whole-body vibration
in standing position, especially for individuals who are unable for the standing
position (e.g., people who are temporarily wheelchair-bound).

13

Research perspectives

14

As immediate effects of stochastic vibration in sitting position have not been
tested before, especially on this prototype device, we needed to make sure that
stochastic vibration in sitting position did have the expected effect and that no
negative side-effects emerge from one single vibration training in this study.
If side-effects would have appeared in healthy people, the device would not
be used on an unhealthy sample in the future. As we observed the intended
effects, and side effects did not appear in healthy people in this study, this
device could possibly be used with patients in future research. Also, further
studies should focus on long-term effects of partial-body vibration in sitting
position.

15
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Abstract
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To investigate the additional value of physiotherapy after
a corticosteroid injection in stage one or two idiopathic
frozen shoulders (FSs).

AIM
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METHODS

A two center, randomized controlled trial was done.
Patients with a painful early stage idiopathic FS were
eligible for inclusion. After written consent, patients were
randomly allocated into two groups. All patients received
an ultrasound-guided intra-articular corticosteroid
injection. One group underwent additional physiotherapy
treatment (PT) and the other group did not (non-PT).
The primary outcome measure was the Shoulder Pain

CONSORT 2010 statement: The authors have read the
CONSORT 2010 Statement, and the manuscript was prepared
and revised according to the CONSORT 2010 Statement.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,

WJO|www.wjgnet.com

165

September 18, 2018|Volume 9|Issue 9|

Kraal T et al . Dutch frozen shoulder trial, a randomized controlled trial

and Disability Index (SPADI). Secondary outcomes were
pain (numeric pain rating scale), range of motion (ROM),
quality of life (RAND-36 score), and patient satisfaction.
Follow-up was scheduled after 6, 12 and 26 wk.

INTRODUCTION
Frozen shoulder (FS), a common cause of shoulder pain
and disability, affects approximately 2% to 4% of the
[1-3]
general population . The peak incidence of FS is between
the fifth and sixth decade of life, occurring slightly more
frequently in women than in men. The pathophysiology of
[4]
FS is poorly understood . The generally accepted theory
comprises an inflammatory cascade causing contracture
of the anterosuperior capsule, the rotator interval and
the coracohumeral ligaments of the shoulder joint. These
events lead to the typical loss of the passive external
[2]
rotation seen in FS . Although there are histopathological
similarities with Dupuytren’s disease, FS follows a different
[5]
natural course . Historically, FS is considered to be selflimiting with three different stages; the freezing, frozen,
[6,7]
and thawing stages . However, clear distinction between
separate stages is difficult without clear cut-off criteria,
and a continuing spectrum is more appropriate. Functional
[8,9]
recovery mainly takes place within one to three years .
However, the remaining pain and restriction in range
of motion (ROM) of the shoulder joint can even persist
[10-12]
long-term
.
There is no widely agreed consensus about the most
optimal treatment regimen for FS. Systematic reviews
point to a large gap in evidence for treatment strate
[13-15]
gies for FS
. Currently, there seems to be a trend
towards more invasive treatments, like manipulation
under anesthesia and particularly arthroscopic capsular
[16]
release . However, there is insufficient evidence to
[13]
recommend these treatment modalities . Less invasive
treatment options are intra-articular corticosteroid
injections and physiotherapy. These are the most widely
used treatment modalities in FS in both primary and
[2,17,18]
secondary healthcare settings
. Corticosteroid
injections demonstrated a positive effect on shoulder
[19,20]
pain and ROM, at least in the short-term
. However,
the role of physiotherapy in the treatment of FS is
[14,21,22]
more uncertain
. Supervised neglect, consisting of
supportive therapy and exercises within pain limits, has
[23]
been advocated as an appropriate treatment for FS .
[24]
In a systematic review, Blanchard et al hypothesized
a potential beneficial effect of combining corticosteroid
injections with physiotherapy. Conclusive evidence to
support this is lacking, which warrants further trials. The
objective of this randomized controlled trial was therefore
to investigate the additional value of physiotherapy
treatment (PT) after an intra-articular corticosteroid
injection in the management of early-stage idiopathic
FSs. It is hypothesized that, with respect to ROM and
shoulder function, additional physiotherapy is superior to
corticosteroid injection alone.

RESULTS

Twenty-one patients were included, 11 patients in the
non-PT and ten in the PT group, with a mean age of
52 years. Both treatment groups showed a significant
improvement at 26 wk for SPADI score (non-PT: P =
0.05, PT: P = 0.03). At the 6 wk follow-up, median
SPADI score was significant decreased in the PT group
(14 IQR: 6-38) vs the non-PT group (63 IQR: 45-76) (P
= 0.01). Pain decreased significantly in both groups but
no differences were observed between both treatment
groups at any time point, except for night pain at 6 wk in
favor of the PT group (P = 0.02). Significant differences
in all three ROM directions were observed after 6 wk
in favor of the PT group (P ≤ 0.02 for all directions). A
significantly greater improvement in abduction (P = 0.03)
and external rotation (P = 0.04) was also present in favor
of the PT group after 12 wk. RAND-36 scores showed
no significant differences in health-related quality of life
at all follow-up moments. At 26 wk, both groups did not
differ significantly with respect to any of the outcome
parameters. No complications were reported in both
groups.

CONCLUSION

Additional physiotherapy after corticosteroid injection
improves ROM and functional limitations in early-stage
FSs up to the first three months.
Key words: Corticosteroid; Frozen shoulder; Adhesive
capsulitis; Physiotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Corticosteroids and physiotherapy are the
most widely used treatment modalities in frozen
shoulders (FSs). However, the role of physiotherapy,
especially in early FSs, is controversial. Corticosteroid
injection with additional physiotherapy leads to better
Shoulder Pain and Disability Index scores and range of
motion up to three months compared to corticosteroid
injection alone. Although a trend was recognized in
favor of the physiotherapy group, both groups did not
differ significantly with respect to any of the outcome
parameters at the final follow-up after 26 wk.
Kraal T, Sierevelt I, van Deurzen D, van den Bekerom MPJ,
Beimers L. Corticosteroid injection alone vs additional physio
therapy treatment in early stage frozen shoulders. World J Orthop
2018; 9(9): 165-172 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i9/165.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i9.165
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MATERIALS AND METHODS
Approval for a prospective randomized clinical trial
(D-FROST; Dutch frozen shoulder study) was obtained

166

September 18, 2018|Volume 9|Issue 9|

Kraal T et al . Dutch frozen shoulder trial, a randomized controlled trial
by the MC Slotervaart Hospital Medical Ethics Committee
(NL47325.048.13). The trial was registered in the Dutch
Trial Register (NTR4587). The study was undertaken in
accordance with the declaration of Helsinki. Patients were
recruited between February 2014 and December 2015
in two participating hospitals in Amsterdam. Patients
were eligible for participation if they exhibited clinical
signs of FS, including pain and stiffness of the involved
shoulder without preliminary trauma persisting for more
than three months. The required level of pain was a
minimum score of six out of ten on a numeric pain scale.
Restriction of the passive ROM of the shoulder joint of
more than 30° in external rotation and a second direction
(i.e., abduction and/or forward flexion) when compared
to the unaffected contralateral side was required for
inclusion. Conventional radiographs of the shoulder joint
and ultrasound studies were used to rule out osteoar
thritis and rotator cuff ruptures. Exclusion criteria were:
Corticosteroid injection in the shoulder joint region in
the previous 6 wk, previous surgery to the shoulder,
systemic inflammatory disease, neurological disorder
with impairment of the upper limb, and the use of anticoagulation therapy using a therapeutic dosage. These
selection criteria are intended to select a clearly defined
population of patients with early-stage (stage one or
two) idiopathic FSs. Patients were informed both in word
and with an information leaflet. Informed consent was
obtained from all included patients.

of the PT was to increase ROM of the shoulder, decrease
pain, and restore the function of the shoulder for daily
activities. Tissue irritability of the shoulder joint was taken
[25]
into account to guide the intensity of the treatment .
Passive mobilization techniques were used, except for
[26]
Maitland grade five mobilizations . Attention was paid
to scapulothoracic movement, with the purpose to
improve the scapulohumeral kinematics. Also, active
and auto-assisted stretching techniques were part of the
physiotherapy program. If there was an increase in pain
lasting for more than four hours after the PT session,
the next session had to be less intense. Hot packs,
icing, and massage techniques were allowed to reduce
pain. Transcutaneous electrical nerve stimulation, pulsed
electromagnetic field, infrared, dry needling and medical
taping were not allowed due to the lack of evidence of
[27]
these treatment modalities in the treatment of FS .

Outcome parameters and follow-up

The main outcome parameter of this study was the
Shoulder Pain and Disability Index (SPADI) at the 26 wk
follow-up, consisting of 13 questions divided into two
domains (pain and disability). Item responses were rated
on a eleven-point scale (0-10) leading to a score between
[28]
0 (best) and 100 (worst) . The SPADI has been
[29,30]
translated and validated in Dutch
. Pain on average
last week, and pain at night were scored on a ten-point
numeric pain-rating scale (NPRS). Health-related quality
[31,32]
of life was assessed using the RAND-36
. Passive
ROM was measured in the standing position with the use
of a goniometer. External rotation was measured in the
horizontal plane, with the elbow at the side. Abduction
was measured in the frontal plane and anteflexion in the
sagittal plane. Patient satisfaction about their change in
pain and function was assessed on a five-point Likert
scale (“worse’’, ‘‘unchanged’’, ‘‘unsatisfactory improved’’,
‘‘satisfactory improved’’ and ‘‘good to very good
[33]
improved”) . Repeated corticosteroid injections were
allowed after 6 wk if the level of pain had not dropped
by at least 50%. Follow-up was scheduled after 6, 12
and 26 wk.

Randomization and interventions

Patients were randomly assigned into two groups. The
intervention group undergoing a PT program (PT-group),
or the control group without physiotherapy (non-PT).
Patients were allocated to one of the study groups using
an online website. Randomization was stratified by the
participating hospital and performed in variable blocks
using computer-generated randomization software.
Participating orthopaedic surgeons who assessed patient
eligibility had no access to the randomization software,
hereby securing allocation concealment. Within two
weeks after inclusion, patients in both study groups
received an ultrasound-guided glenohumeral joint
injection of 1 mL kenacort 40 mg in 4 mL lidocaine 1%,
administered by an experienced radiologist. Both groups
were informed about the possible self-limiting nature of
FS, and received counseling about optional analgesics
like acetaminophen, nonsteroidal anti-inflammatory
drugs or tramadol, if needed. The non-PT group did
not receive PT. Advice was given to try to use the
affected arm in daily life activities within their pain limits.
Patients in the PT group were referred to a participating
physiotherapy clinic. All participating physiotherapists
treated the referred study patients according to a
standardized protocol, twice a week with a maximum
duration of three months. This physiotherapy protocol
was composed after a thorough literature review by the
participating shoulder surgeons in accordance with two
experienced shoulder-treating physiotherapists. The aim

WJO|www.wjgnet.com

Statistical analysis

Statistical analysis was performed by use of the SPSS
statistical package software (version 22.0; Armonk,
NY: IBM Corp) according to the intention to treat
principle. Statistical review was performed by a clinical
epidemiologist. Due to the small sample sizes and
skewed distributions, analyses were performed nonparametrically. Patient demographics and baseline
characteristics were described and compared between
groups according to their distributions. Continuous and
ordinal data are presented as medians with interquartile
ranges (IQR) and differences between the treatment
groups were assessed by use of Mann Whitney U tests.
Wilcoxon Signed Ranks tests were performed to assess
2
changes from baseline at 26 wk. χ tests were performed
in case of categorical variables. A P-value < 0.05 was
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Table 1 Demographics and patient characteristics
Characteristic
No. of patients
Age (yr)
Gender
Male
Female
Stage of frozen shoulder
Freezing (stage Ⅰ)
Frozen (stage Ⅱ)
Duration of symptoms prior to intervention
< 6 mo
> 6 mo
Previous injection around the shoulder
Previous PT
Disabled to work related to shoulder
Diabetes mellitus

Total

Non-PT

PT

P -value

21
51.9 (SD 5.1)

11
50.4 (SD 6.1)

10
53.3 (SD 3.8)

0.17

9 (43)
12 (57)

4 (36)
7 (64)

5 (50)
5 (50)

0.67

8 (38)
13 (62)

6 (55)
5 (45)

2 (20)
8 (80)

0.18

13 (62)
8 (38)
11 (52)
15 (71)
4 (19)
2 (10)

9 (82)
2 (18)
5 (45)
7 (64)
2 (18)
2 (18)

4 (40)
6 (60)
6 (60)
8 (80)
2 (20)
0 (0)

0.08
0.67
0.64
1.00

PT: Physiotherapy treatment.

considered statistically significant.

Table 2 Shoulder Pain and Disability Index scores for pain,
disability and total Shoulder Pain and Disability Index scores
(medians with interquartile range)

SPADI pain
Baseline (wk)
6
12
26
SPADI limitations
Baseline (wk)
6
12
26
SPADI total
Baseline (wk)
6
12
26

Non-PT

PT

P -value

82 (70-90)
71 (24-79)
48 (22-68)
14 (8-30)

86 (46-92)
18 (9-43)
20 (9-57)
13 (4-32)

0.68
0.09
0.17
0.94

81 (58-88)
69 (47-76)
38 (25-72)
10 (9-50)

74 (28-84)
11 (4-36)
14 (5-58)
8 (1-25)

0.42
0.01
0.15
0.35

80 (65-87)
63 (45-76)
42 (25-72)
14 (11-39)

82 (35-86)
14 (6-38)
16 (7-58)
10 (2-28)

0.54
0.01
0.17
0.44

RESULTS
Patient population

A total of 21 patients were included, with 11 patients
in the non-PT and ten in the PT group (Table 1). All
patients had conventional radiographs of the shoulder
without abnormalities. At baseline, external rotation
was limited in both patient groups with a median
external rotation measuring five degrees for all patients
(IQR: 0-20). Median NPRS on average last week
was eight (IQR: 7-8.5). In both groups, two patients
were too disabled to work due to their FS symptoms.
Two patients in both groups had received a previous
corticosteroid injection more than three months prior
to inclusion. After 26 wk, ROM measurements were
available for 81% of the patients. Questionnaires were
completed by 15 out of 21 patients (71%). An intraarticular corticosteroid injection was repeated after 12
wk in two patients in both groups. No complications or
adverse events were reported in both groups.

SPADI: Shoulder Pain and Disability Index; PT: Physiotherapy treatment.

SPADI total
90

*

Median total SPADI score

80

Non-PT
PT

Clinical and functional outcome

70

The median total SPADI scores for all patients at
baseline was 81 (IQR: 58-87), which confirmed
the severe pain and disabilities of FS in the early
stages. Both treatment groups showed a significant
improvement at the primary endpoint of 26 wk for
SPADI scores (non-PT: P = 0.05, PT: P = 0.03). At the
6 wk follow-up, median SPADI scores had decreased to
63 (IQR: 45-76) in the non-PT group and 14 (IQR: 6-38)
in the PT group. This difference was significant (P = 0.01)
and exceeded the minimal clinical important difference
[34]
(range 8-13) of the SPADI , but this difference had
disappeared after 26 wk (P = 0.23). At the final followup, median SPADI scores were 24 (IQR: 12-19) in the
non-PT and ten (IQR: 2-28) in the PT group (Figure
1 and Table 2). Passive ROM increased significantly

60
50
40
30
20
10
0

0

6

12

26

Follow up in weeks

Figure 1 Median total SPADI score compared between both groups
(non-physiotherapy treatment and physiotherapy treatment). Error bars
represent inter quartile range. The asterisk marks statistical significance
between both groups. SPADI: Shoulder Pain and Disability Index; PT:
Physiotherapy treatment.
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comparisons). However, significant differences between
both treatment groups were not observed at any time
point, except for night pain at 6 wk in favor of the PT
group (P = 0.02, Table 4). The results of the RAND-36
showed no significant differences between both groups
regarding health-related quality of life at all followup moments. A slightly higher satisfaction score was
reported by the PT group compared to the non-PT group
at the 6 wk follow-up (P = 0.02). At all other follow-up
moments, the degree of satisfaction was comparable
between the two treatment groups (Table 4).

Table 3 Range of motion measurements, medians (with
interquartile range)

Abduction
Baseline (wk)
6
12
26
Anteflexion
Baseline (wk)
6
12
26
External rotation
Baseline (wk)
6
12
26

Non-PT

PT

P -value

50 (40-60)
70 (43-90)
80 (65-98)
85 (80-149)

50 (41-102)
100 (80-140)
100 (90-165)
130 (85-170)

0.39
0.01
0.03
0.33

70 (70-80)
90 (75-111)
90 (80-146)
100 (90-160)

95 (48-120)
140 (105-165)
130 (115-155)
155 (110-170)

0.25
0.02
0.06
0.17

0 (0-5)
13 (5-26)
18 (8-29)
30 (13-44)

8 (0-24)
40 (30-43)
40 (25-65)
50 (35-60)

0.14
0.01
0.04
0.07

DISCUSSION
The aim of this trial was to investigate whether physio
therapy is of additional value after an intra-articular
corticosteroid injection into the shoulder joint in the
treatment of patients with FS in stage one or two. At
the final follow-up after 26 wk, no clinical or functional
differences were observed between both groups, with
or without additional PT. However, total SPADI scores,
ROM measurements and NPRS for pain at night were
significantly superior in the physiotherapy group at 6 wk.
The most considerable differences between the groups
were observed for the ROM, in favor of the PT group
until 12 wk of follow-up. This could imply that PT after
an intra-articular corticosteroid injection is of additional
clinical value in the treatment of FS. The result of
physiotherapy is improved shoulder function, with less
limitation in the rehabilitation process of patients with
FS up to the first three months after a corticosteroid
injection in the shoulder joint.
An initial good improvement is frequently reported
[22,35]
in studies using corticosteroid injection for FS
.
The beneficial value of additional physiotherapy was
[21]
also reported by Carette et al . In his clinical trial,
corticosteroid injection followed by physiotherapy
provided a faster recovery of shoulder function compared
to injection alone, or placebo injection combined
[22]
with physiotherapy. Ryans et al
conducted a RCT
comparing four treatment strategies for FS. The authors
concluded that corticosteroids were effective for pain
relief and shoulder disability in the short-term, and
physiotherapy was effective in restoring external rotation.
In both studies, the differences were most distinct at the
early follow-up and at 6 and 12 wk, but not significant
after more than three months. This is quite similar
to our findings. A reason for this might be the selflimiting natural course of the disease. Nevertheless, the
beneficial effect of physiotherapy in the short-term can
be of clinically-relevant value in case the duration of
both symptoms and disabilities is shortened with this
strategy.
On the contrary, other studies do not support the
[23,24]
use of physiotherapy in the treatment of FS
. In
[24]
a systematic review, Blanchard et al
found inferior
results of PT compared to corticosteroid injection. Some
even consider physiotherapy to be inappropriate during

PT: Physiotherapy treatment.

Table 4 Pain (numeric pain rating scale) scores, RAND-36
physical component scale and mental component scale

NPRS average last week
Baseline (wk)
6
12
26
NPRS night
Baseline (wk)
6
12
26
RAND-36 PCS
Baseline (wk)
6
12
26
RAND-36 MCS
Baseline (wk)
6
12
26
Satisfaction (wk)
6
12
26

Non-PT

PT

P -value

8 (7-9)
4 (2-8)
4 (2-7)
3 (1-4)

8 (5-8)
2 (1-4)
1 (0.5-5)
2 (0-3)

0.37
0.19
0.17
0.41

8 (8-9)
4 (3-7)
5 (2-7)
2 (1-3)

9 (7-9)
2 (0-3)
1 (0-6)
2 (0-3)

0.94
0.02
0.11
0.48

33 (31-40)
43 (35-46)
45 (43-50)
43 (35-56)

39 (34-46)
47 (44-52)
47 (43-55)
40 (46-56)

0.11
0.10
0.63
0.56

47 (36-54)
49 (35-52)
43 (29-51)
52 (50-57)

44 (35-54)
50 (42-56)
52 (40-55)
52 (35-57)

0.94
0.33
0.20
0.56

3 (2-3)
2 (0-4)
3 (3-4)

4 (3-4)
3 (2-4)
3.5 (3-4)

0.02
0.22
1.00

Satisfaction scores (“worse’’, ‘‘unchanged’’, ‘‘unsatisfactory improved’’,
‘‘satisfactory improved’’ and ‘‘good to very good improved”). Results
reported as medians (with interquartile range). NPRS: Numeric pain
rating scale; PT: Physiotherapy treatment.

compared to baseline in both groups (P < 0.03 for all
comparisons). Significant differences in all three ROM
directions were observed after 6 wk in favor of the PT
group (P ≤ 0.02 for all comparisons). At the final followup, all ROM measurements were still in favor of the PT
group, but were not significant (Table 3).
Both of the NPRS items “night pain” and “average
pain last week” showed significant decreases at the
26 wk follow-up for both groups (P < 0.03 for all
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[2,36]

early (painful) stage of FS
. A possible explanation
for inferior results from physiotherapy in the treatment
of FS is inadequacy to take in to account the tissue irri
tability level. Irritability is a term to reflect the tissue’s
ability to handle physical stress, presumably related to
the extent of inflammatory activity. Tissue irritability
can be categorized into three levels based on: patient
reported pain, pain at end ROM, and the difference
[25]
between active and passive ROM . PT intensity can
vary in the length of treatment, frequency of sessions,
intensity of mobilization techniques, and types of
exercises. Intensive physiotherapy at an early stage
of FS without taking into account the tissue irritability
level, can potentially worsen the symptoms of FS. For
[23]
example, Diercks et al
reported a negative effect of
PT, including passive stretching and manual mobilization,
compared to supportive therapy within pain limits.
However, no corticosteroid injections were used in the
[23]
trial of Diercks et al . Intra-articular corticosteroids
have an anti-inflammatory effect, which is likely to
[37]
attenuate tissue irritability . We believe that in order
to optimize treatment of early-stage FS, PT intensity
should be guided by tissue irritability level. Moreover, PT
is preferably started after an intra-articular corticosteroid
injection.
In this prospective RCT, the study population was
clearly defined according to strict criteria to include
patients with idiopathic FS in stage one or two with
symptoms lasting at least three months. The cortico
steroid injections were administered under ultrasound
guidance by experienced radiologists. Rehabilitation was
performed according to a uniform physiotherapy protocol
and carried out by specialized shoulder physiotherapists.
The ROM measurements were assessed by the treat
ing orthopedic surgeon. Although not blinded for the
allocated intervention, these measurements were done
consistently and by an experienced surgeon.
The major limitation of this study is the relatively
small number of included patients. The results of this trial
should therefore be interpreted with caution. A sample
size of 41 subjects per group with a power of 90%, alpha
0.05 and a 10% drop-out rate was calculated at the
beginning of the study. This was based on the primary
outcome parameter SPADI, with a minimal clinically
important difference of 13 and a standard deviation
of 17. Unfortunately, it was impossible to include this
number of patients within a reasonable period of time.
This was attributable to two factors. Firstly, the costs for
physiotherapy were supported by the Slotervaart Center
of Orthopedic Research and Education, however this was
only available for a limited number of patients. Three
separate research grant applications for funding of the
trial were declined. Secondly, there was an unexpected
amount of unwillingness to participate among eligible
patients. We tried to increase the number of inclusions
by attracting attention for the trial in several ways.
Printed posters were exposed in the waiting rooms of the
Orthopaedic Department, an article about the trial was
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published in the local hospital journal, and an information
letter was sent to more than 200 general practitioners
in the catchment area. However, even with these small
numbers, a positive effect of physiotherapy was observed
up to three months of follow-up. It is possible that more
significant differences between both treatment groups
would have been found with a larger number of included
patients.
A control group without corticosteroid injection was
not made available in the study design to monitor the
true natural course of the condition. This was because
of our assumption that this could raise more difficulties
persuading patients to participate in the trial. Study
patient compliance to physiotherapy sessions was not
recorded. However, a high compliance rate was expected,
as the provided PT was free of charge. We are not aware
of any patient cross-over, i.e., starting physiotherapy
on their own once assigned to the non-PT group. A
possible explanation for inferior SPADI scores and ROM
measurements at 6 wk in the non-PT group could be the
confounding role of diabetes in two patients in this group.
A prolonged refractory course of FS can be expected
[38,39]
with diabetes
. However, the results from additional
analysis that excluded these two diabetic patients did not
change the conclusions.
Nevertheless, it is important to note that there is no
clear understanding of the exact mechanism responsible
for the natural course of FS as well as its improvement
over time for most patients. We do agree that an
important aspect of treatment is expert advice and
the education of patients, with attention paid to the
patients’ perspectives regarding their expectations and
experiences with FS.
With the results of this trial and the current literature,
we suggest to offer patients additional PT after an intraarticular corticosteroid injection in the treatment of earlystage FS. The SPADI scores, ROM and pain at night
scores are significantly better in the PT group vs the
non-PT group at 6 wk. With time, the positive effect of
PT had faded out. There were no significant differences
between patients in both groups at the final follow-up
at 26 wk. Additional PT can improve shoulder function
and shorten the duration of functional limitations during
recovery for early-stage FS patients up to the first three
months.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Frozen shoulder (FS) is a common cause of shoulder pain and disability. A
contracted capsule with a decreased capsular volume leads to a typical loss
of passive external rotation seen in FS. Physiotherapy and corticosteroid
injections are the most widely used treatment modalities in FS, in both primary
and secondary healthcare settings.

Research motivation

Corticosteroid injections demonstrated a positive effect on shoulder pain
and range of motion (ROM), at least in the short term. However, the role
of physiotherapy in the treatment of FS is more uncertain. For example,
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supervised neglect, consisting of supportive therapy and exercises within pain
limits, has also been advocated as an appropriate treatment for FS.

7

Research objectives

8

The objective of this randomized controlled trial was therefore to investigate
the additional value of physiotherapy treatment (PT) after an intra-articular
corticosteroid injection in the management of early stage idiopathic FSs. It is
hypothesized that additional physiotherapy is superior to corticosteroid injection
alone with respect to ROM and shoulder function.

9

Research methods

10

A two center prospective randomized controlled trial was undertaken. Patients
with painful early-stage idiopathic FS were eligible for inclusion. After written
consent, patients were randomly allocated into two groups. All patients
received an ultrasound-guided intra-articular corticosteroid injection. One group
underwent additional PT and the other group did not (non-PT). The primary
outcome measure was the SPADI. Secondary outcomes were pain (NPRS),
ROM, quality of life (RAND-36 score), and patient satisfaction. Follow-up was
scheduled after 6, 12 and 26 wk.

11
12
13

Research results

Twenty-one patients were included, 11 patients in the non-PT and ten in the
PT group. Both treatment groups showed a significant improvement at 26 wk
for SPADI score. At the 6 wk follow-up, median SPADI score was significantly
decreased in the PT group (14 IQR: 6-38) vs the non-PT group (63 IQR: 45-76)
(P = 0.01). Significant differences in all three ROM directions were observed
after 6 wk in favor of the PT group (P ≤ 0.02 for all directions). At 26 wk, both
groups did not differ significantly with respect to any of the outcome parameters.
No complications were reported in both groups.

14

15
16

Research conclusions

Intra-articular corticosteroid infiltration is effective in the treatment of FS.
Additional PT can improve shoulder function and shorten the duration of
functional limitations during the recovery of early-stage FS patients up to the
first three months. The physiotherapy intensity should be guided on tissue
irritability. Future research should focus on the different populations other than
idiopathic FSs, like post-operative or post-traumatic FSs. Furthermore, a small
subset of patients is not satisfactorily treated with conservative treatment as an
injection and physiotherapy. It would be very interesting to investigate if these
patients with a prolonged and refractory course of disease could be identified at
an early time point.

17

18

Research perspectives

It would be very interesting to investigate if these patients with a prolonged and
refractory course of disease could be identified at an early time point.
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Is there consensus regarding surgical treatment of bone
sarcomas?
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AIM

To perform an Internet based survey on the surgical
management of bone sarcomas in the lower extremity
amongst sarcoma surgeons.
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METHODS

All orthopedic surgical members of the Scandinavian
Sarcoma Group were invited to participate in an online
questionnaire. The questionnaire consisted of a clinical
case involving resection of a malignant bone tumor.
Several questions were asked, subdivided into categories.
Among these, surgical/technical considerations, e.g. ,
choice of implant; choice of antibiotics, dosage, and
duration of treatment, choice of antithrombotic drug,
initial start-up, dosage, and duration were included.
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RESULTS

In terms of choice of implant fixation, the majority of
surgeons preferred an uncemented prosthesis in younger
patients until the age of 50. All participants administer
intravenous prophylactic antibiotics for endoprosthetic
reconstructive surgery. First choice of antibiotics was
cephalosporin. Less common used was glycopeptide,
penicillin, or a combination. Duration of prophylactic
antibiotics ranged from less than one day to more than
four days. All participants used low molecular weight
heparins as antithrombotic prophylaxis and 55% of
the participants answered that initial treatment was
started preoperatively, 3% perioperatively and 42%
postoperatively. Duration of the antithrombotic treatment
ranged from five days to more than twenty-eight days.
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CONCLUSION

The use of resection prosthesis in the treatment of bone
sarcomas is a well-established procedure. However,
therse is a significant discrepancy in the surgical
treatment algorithm between the sarcoma centers. Still
the treatment is mainly based on best clinical practice,

173

September 18, 2018|Volume 9|Issue 9|

Baad-Hansen T et al . Lack of consensus in treatment of bone sarcomas

due to the lack of evidence-based medicine in the
surgical management of bone sarcomas.
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Core tip: Today the majority of patients diagnosed with
bone sarcomas located in the lower extremities are
offered reconstruction with a megaprosthesis. However,
no clear golden standard is available in the international
surgical oncology community with regard to choice of
implant, choice of antibiotics, dosage, and duration of
treatment, or choice of antithrombotic drug, initial startup, dosage, and duration. The current study reveals a
clear lack of consensus.

Figure 1 Radiograph of a reconstruction with a proximal tibia tumor prosthesis.

the Scandinavian countries based on best clinical
practice. The study focuses on three main areas: (1)
Surgical-technical considerations; (2) use of antibiotics;
and (3) antithrombotic treatment.

Baad-Hansen T, Freund SS, Bech BH, Keller J. Is there consensus
regarding surgical treatment of bone sarcomas? World J Orthop
2018; 9(9): 173-179 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i9/173.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i9.173

MATERIALS AND METHODS
All orthopedic surgical members of the Scandinavian
sarcoma group (SSG) were invited to participate in an
online questionnaire. The questionnaire consisted of
a clinical case involving resection of a malignant bone
tumor located in the proximal tibia, reconstruction with
a megaprosthesis and a gastrocnemius myocutaneous
flap coverage (Figure 1). Several questions were asked,
subdivided into categories, among these, surgical/
technical considerations, e.g., choice of implant, choice
of antibiotics, dosage, and duration of treatment, and
choice of antithrombotic drug, initial start-up, dosage,
and duration. A complete list of the questions can be
seen in supplemental Appendix 1.
The participants could add supplementary comments
to certain questions. No participants were financially
compensated for completion of the survey.

INTRODUCTION
Evidence-based surgical treatment of bone sarcomas
is challenged by a limited number of patients and a
considerable variation in anatomical location of the
bone tumors. This is in contrast to the non-surgical
treatment of bone sarcomas, where standard protocols
are available to test new treatment regimes because
the location of the sarcoma is of less importance in
[1,2]
this context . Guidelines for surgical management
of hip and knee replacement due to more prevalent
disorders such as osteoarthritis are available from most
national hip and knee societies based on randomized
[3,4]
clinical trials and large-scale database studies . This
level of evidence is difficult to achieve dealing with
endoprosthetic reconstructive surgery in osteosarcoma
[5]
patients .
Since 2013 a randomized multicenter study, PARITY,
has been ongoing with the aim to determine whether
a five-day regimen of post-operative antibiotics, in
comparison to a single day regimen, will change the risk
of postoperative infection in patients receiving mega
[6,7]
prosthesis . The trial still lacks the inclusion of more
than 600 patients and seven countries with a total of 35
different sarcoma centers are including patients. Such
a multicenter study is time consuming, and it can be
questioned if the results can be generalized to the rest
of the world due to different antibiotic national policies.
The aim of the present study was to identify
differences in surgical treatment strategies for patients
with bone sarcomas in the lower extremities between

WJO|www.wjgnet.com

RESULTS
A total of 42 surgeons were asked to participate.
Five did not return the questionnaire; two declined to
answer due to inadequate clinical experience. A total of
35 participants returned a complete survey resulting in
a response rate of 83%, eight from Denmark (23%),
six from Finland (17%), one from Iceland (3%), seven
from Norway (20%), and thirteen from Sweden (37%).
The following hospitals were represented: Aarhus
University Hospital, Rigshospitalet, Copenhagen,
Karolinska University Hospital, Linköping University
Hospital, Sahlgrenska University Hospital, University
Hospital of Umeå, Skåne University Hospital, Oslo
University Hospital, Radiumhospitalet, Haukeland
University Hospital, Tampere University Hospital,
Helsinki University Hospital and University Hospital of
Iceland.
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Figure 2 Proportion of patients in each age group that the study participants would treat with a cemented implant.

About 50% of the participants had worked as
orthopedic oncologists for more than ten years. Female:
male ratio was 1:7.

of the participants would apply a drain. Removal of
the drain was dependent on two factors: time or drain
production, or a combination of the two. The majority
of the participants (67%) said that they would remove
the drain after 3-4 d, whereas 33% of the participants
would remove the drain 1-2 d postoperatively. Look
ing at drain production as a parameter, 82% of the
participants would remove the drain when production
was less than 25-50 mL/d. With regard to drain usage,
no clear pattern could be observed between countries
or within individual institutions. Several comments on
this topic were made: “Less than 50 mL/d or before
the fifth day,” “Especially if a drain is needed in the area
of the calf where the gastrocnemius muscle is rotated
I will leave it for a longer time until drain production is
less than 10 mL/d,” and “Max time for drain is 7 d, even
if the output is > 50 mL/d”.

Surgical/technical considerations

With regard to preoperative planning, 47% of the par
ticipants indicated that they would always perform a
preoperative templating in order to determine prosthesis
size and anatomical position whereas 25% answered
sometimes and 28% answered that they would never
perform templating. No differences between centers or
countries were observed with regards to templating.
In case a needle biopsy was done prior to the surgical
procedure, 66% indicated that they would excise the
biopsy tract. However, in case an open biopsy was
performed there was full consensus amongst all sarcoma
centers to excise the open biopsy tract if surgically
feasible.
In terms of choice of implant fixation, the majority
of surgeons preferred an uncemented prosthesis in
the younger patients until the age of 50, whereas a
cemented prosthesis was the preferred implant from
age 51 and up (Figure 2).
There was an overall agreement between countries
to select uncemented fixation for the younger patients,
however the Danish and Swedish sarcoma centers tended
to consider a cemented prosthesis also to the youngest
patients below 20 years old. Several reservations were
noted with regard to the implant choice. The following
comments were obtained. “It depends on the individual
bone stock, length of resection,” “routinely we will use
uncemented prosthesis in the absence of osteoporosis
and if postoperative radiotherapy is not considered,” and
“We do not use uncemented prosthesis”.

Use of prophylactic antibiotics

All participants confirmed that they administer intra
venous prophylactic antibiotics for endoprosthetic
reconstructive surgery. First choice of antibiotics was
cephalosporin, second was penicillin followed by
glycopeptide or a combination of the above mentioned.
According to the answers, the antibiotic prophylaxis
was initiated preoperatively by 71% of the participating
surgeons and was initiated perioperatively by 29%
of participants. In contrast to the sarcoma centers in
Finland, Norway and Sweden, who used cephalosporin,
the predominantly used prophylactic antibiotic in Denmark
and Iceland was penicillin. Duration of prophylactic
antibiotics ranged from less than one day to more than
four days. Thirty-nine percent of the participants stated
that antibiotics were used for 1-2 d. Lastly, 32% of the
participants answered that they used antibiotics until
drain removal. Comments were added: ”Until the surgical
wound is completely dry and drain has been removed,”

Postoperative treatment

In patients receiving a proximal tibia prosthesis, 72%
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Figure 3 The distribution of the timing of initiation of postoperative chemotherapy.

“Only one dose if there has been limited bleeding
during surgery, and an extra dose if the bleeding has
been substantial,” “3 types of antibiotics. If surgery is
prolonged the regime is altered and may be given for 2-3
d,” ” If drainage is used, antibiotics will be prolonged,”
and ”1-2 d sometimes longer, depending on if splitskingraft is needed”.

weeks after surgery. In contrast, 52% of the participants
allowed full weight bearing of a cemented prosthesis
within the first week after surgery. This pattern was
observed in all sarcoma centers. Some participants
raised concerns due to postoperative chemotherapy and
the re-insertion of the patella tendon leading to delayed
full weight bearing.

Pain management

Postoperative chemotherapy

The majority of the participants (58%) would use some
kind of nerve block. Of these, the most common pain
management strategy was an epidural catheter (45%
of participants). Less commonly, a peripheral catheter
was used by 22%, and a combination of the above
was indicated by 33%. All answers revealed duration of
epidural and/or peripheral catheters of 2-4 d.

In terms of initiation of postoperative chemotherapy,
a clear difference between sarcoma centers was seen.
The majority of surgeons in the Swedish and Norwegian
centers allowed commencement of chemotherapy
10-14 d after surgery, whereas centers in Denmark
and Finland waited up to 28 d postoperatively. Figure
3 shows the results from all participants with regard to
delay of postoperative chemotherapy.

Antithrombotic prophylaxis

All participants presented a united front for the use of
antithrombotic treatment. All participants preferred low
molecular weight heparins. Antithrombotic treatment
was initiated preoperatively by 55%, perioperatively
by 3%, and postoperatively by 42%. Duration of the
antithrombotic treatment ranged from 5-7 d (13% of the
participants) to more than 28 d (6% of the participants).
Most of the participants answered 8-14 d (58%) and
23% answered 15-28 d. It was stated several times that
duration of the antithrombotic therapy also depended on
the degree of mobilization.

DISCUSSION
The European Society for Medical Oncology (ESMO)
provides Clinical Practice Guidelines for diagnosis,
treatment and follow-up of bone sarcomas. However,
[8]
the surgical procedures are only briefly discussed .
The lack of surgical recommendations is displayed in
the results from the present survey revealing great
heterogeneity in the surgical treatment strategy of
bone sarcomas located in the proximal tibia. However,
there is also some agreement between surgeons (e.g.,
in choice of implant fixation, use of antibiotics, and
antithrombotic treatment). The individual surgeon´s
preferences may be influenced by knowledge based on
clinical trials almost similar to reconstruction with tumorprostheses (e.g., primary or revision knee surgery
and national recommendations for endoprosthetic joint
[9,10]
replacement)
. Furthermore, based on the participant’s
statements in the results paragraph, previous personal
experiences and clinical tradition may also influence the

Weight bearing

The participants were asked to indicate at which time
full weight bearing was allowed in the case of insertion
of an uncemented prosthesis. Exclusively looking at
the fixation method, 32% answered within a week
postoperatively, 10% answered one to six weeks after
surgery, 48% answered seven to twelve weeks after
surgery, and finally 10% answered more than twelve
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clinical decision-making.
Some surgical procedures are widely accepted
as reference standards. For decades, there has been
consensus regarding removal of the biopsy tract during
surgery, grounded in the theory that the biopsy tract is
[11]
potentially contaminated by tumor cells . According
[11]
to Mankin et al , 15 out of 329 patients experienced
what might be unnecessary amputation due to un
favorable location of the biopsy, compromising definitive
reconstruction procedures. This assumption is based
[12]
more on empirical knowledge than on scientific data .
The above-mentioned standard is in accordance with
the ESMO guideline for Clinical Practice Guidelines for
diagnosis, treatment and follow-up of bone sarcomas
stating that the biopsy tract from an open biopsy must
be considered to be contaminated with tumor cells and
must be removed together with the resection specimen
to avoid local recurrences. However, no randomized
studies have been published to support this widely
accepted procedure.
[13]
A recent systematic review by Oliveira et al
reports that tumor contamination along the biopsy tract
in musculoskeletal cancer can cause local recurrence
and lead to an unfavorable prognosis. However, it
was not possible for the authors to conclude whether
a needle biopsy is associated with a lower risk of
contamination than an open biopsy. Nevertheless, only
66% of the asked participants in the actual survey
would excise the needle biopsy tract in contrast to an
open biopsy, whereas all participants would remove the
open biopsy tract.
The risk of developing a deep postoperative infection
in sarcoma patients undergoing large endoprosthetic
reconstructions is high compared with conventional total
[14]
joint replacement . The reason for this is multifactorial.
Immune compromised patients undergoing complex
and protracted procedures increase the risk of
[15]
complications .
The absence of a standard practice for antibiotic
treatment has led to an attempt to launch an international
multi-center RCT study including patients with lower
extremity bone tumors undergoing endoprosthetic
reconstruction, randomized to receive either cefazolin a
single day post-operatively or five days post-operatively.
Due to the low incidence of primary bone tumors, the
study requires a sample size of approximately 600
patients, demanding inclusion of multiple sarcoma
centers. Local variations in factors such as bacterial or
fugal prevalence, e.g., Methicillin-resistant Staphylococcus
aureus, Mycobacteria or Candida. Lack of consensus with
regard to choice of implant (some manufactures provide
[16]
silver or gentamycin coating) complicates the study .
Furthermore, cefazolin is not standard practice or available
in all countries leading to a reduced number of potential
participating centers. Finally, patient-related and technical
concerns must be taken into account when addressing
type and duration of antibiotic treatment, which also is
supported by the statements of the participants of the
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present survey. The fact that a nearly equal percentage of
orthopedic surgeons participating in our study chose the
duration of prophylactic antibiotics to be from less than
one day to more than four days (39%) emphasizes the
need for supporting new RCTs.
[17]
According to a study by Husted et al , a high
degree of agreement in the clinical setup of patients
undergoing fast track primary knee endoprosthetic
surgery in four large orthopedic institutions has been
described. With regard to deep venous thrombosis
prophylaxis in this patient group, the treatment was
initiated 6-8 h postoperatively and continued until
discharge or up to seven days postoperatively. The
clinical setup in primary total knee arthroplasty (TKA)
surgery, however, differs significantly from patients
undergoing tumor resection and reconstruction with
a megaprosthesis and a direct comparison cannot be
done. Patients receiving a primary TKA are most likely
to be mobilized on the same day as the index surgery
or at least on the first postoperative day. In contrast,
patients treated with a resection prosthesis of the
proximal tibia will need soft tissue reconstruction and
demands complete immobilization to achieve soft tissue
healing. Furthermore, cancer patients have an increased
risk of a venous thromboembolism event with a hazard
[18]
ratio of 4.7 compared to the background population .
The current study demonstrates a clear consensus
amongst the participating surgeons regarding the need
for venous thrombosis prophylaxis in the treatment of
bone sarcomas. In contrast, absolutely no agreement
was seen with regard to time for initiating treat
ment or duration of venous thrombosis prophylaxis.
Approximately half of the participants started initial
thrombosis prophylaxis preoperatively, and duration of
the treatment ranged from 5-28 d.
The current study has some limitations. National
legislations may influence clinical practices (e.g.,
choice of antibiotics). A restrictive antibiotic policy will
cause utilization of small spectrum antibiotics, leading
to problematic direct comparison between countries.
Furthermore, geographic variation in the prevalent
bacterial/fungal species will require the surgeons
to address a potential infection based on the local
microbiological species. In the current study the choice
of antibiotics is based on Scandinavian preferences,
which potentially can lead to a reduced external validity.
In conclusion, the use of resection prosthesis in
the treatment of bone sarcomas is a well-established
procedure providing good functional outcomes and
acceptable complication rates. However, the clinical
considerations that follow management of bone
sarcomas patients are predominantly based on best
clinical practice and to a lower extent on evidencebased knowledge, which leads to a substantial variation
in treatment protocols. In order to gain evidence-based
knowledge, international multicenter studies have been
initiated but are challenged by national heterogeneity
with possible consequences for the generalizability of
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their conclusions.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

2

Research background

Reconstructive surgery using megaprosthesis is widely applied as a treatment
for bone sarcomas of the lower extremities. Even though reconstructive surgery
has been used for several decades it seems that there is no clear consensus in
surgical treatment strategies for this group of patients.

3

Research motivation

4

The low number of bone sarcomas limits the possibility to run randomized
clinical trials. This is in contrast to non-surgical treatment of bone sarcomas,
where standard protocols are available to test new treatment regimes since
the sites of the sarcoma are of less significance. Only a few international
randomized studies have been initiated to gain new evidence on the surgical
treatment of bone sarcoma patients. This is due to the difficulty in achieving
sufficient sample sizes due to the rarity of the disease.

5

Research objectives

6

Research methods

7

Research results

8

The goal of this study was to identify common strategies in the surgical
treatment of patients with bone sarcomas of the lower extremities in terms of
surgical/technical considerations, choice of antibiotics, dosage, and duration
of treatment, and choice of antithrombotic drug, initial start-up, dosage, and
duration.

The study was based on an internet-based survey on the surgical management
of bone sarcomas in the lower extremity amongst sarcoma surgeons in the
Scandinavian countries.

This study demonstrates a large variation in the treatment of patients with
bone sarcomas located in the lower extremities. With regard of implant fixation,
the Danish and Swedish sarcoma centers tended to consider a cemented
prosthesis not only for the older patients but also for the youngest patients below
20 years old, contrary to the rest of the Scandinavian centers. All participants
would administer intravenous prophylactic antibiotics regarding endoprosthetic
reconstructive surgery. First choice of antibiotics was cephalosporin. Less
commonly used were glycopeptide, penicillin, or a combination. The duration
of prophylactic antibiotic treatment ranged from less than one day to more
than four days. All participants would administer heparins as antithrombotic
prophylaxis. Fifty-five percent of the participants answered that initial treatment
was started preoperatively, 3% perioperatively and 42% postoperatively. Range
of antithrombotic treatment went from 5-28 d.

9

10

Research conclusions

Today, patients diagnosed with bone sarcomas of the lower extremity are to
a great extent offed treatment with a resection prosthesis. The treatment is
well established, however, there is a significant inconsistency in the surgical
treatment algorithm between sarcoma centers. Still the treatment is primarily
based on best clinical practice, due to the absence of evidence-based medicine
in the surgical management of bone sarcomas.

11

12

Research perspectives

13

The current study elucidates, that the surgical sarcoma community needs to
support the ongoing randomized control trials and encourage the initiation of
new randomized studies to gain knowledge of the surgical treatment of bone
sarcoma patients based on evidence-based medicine.

14
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Abstract

Informed consent statement: The patient involved in this
study gave her written informed consent authorizing use and
disclosure of her protected health information.

The spontaneous and simultaneous rupture of both
quadriceps tendons is uncommon and has rarely been
reported in the literature. The current case involves a
43-year-old man with end-stage renal disease requiring
hemodialysis for the past 20 years. The patient ex
perienced bilateral knee pain and swelling and was
unable to bear weight. Physical examination revealed
bilateral quadriceps tendon defect above the patella and
loss of active extension. Although plain radiographs of
both knees showed no fracture or widening of the joint
space, an inferiorly positioned patella was observed.
Ultrasonography of the knees revealed a quadriceps
tendon defect at the upper edge of each patella, while
MR imaging revealed a tear in each quadriceps tendon
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from the superior poles of the patella. The patient then
underwent surgical correction wherein the tendons
were repaired using sutures passed through drill holes
in the patella. The knees were immobilized with splints
for 4 wk before starting physiotherapy. The patient
subsequently regained full functional activity within 1
year.
Key words: Quadriceps tendon; Tear; Krackow sutures;
Renal failure; Hyperparathyroidism
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Spontaneous bilateral quadriceps tendon rupture
is uncommon, while the symmetry of physical findings
may make the diagnosis even more difficult. Testing
the extensor mechanism must be an essential part of
every knee examination. Early diagnosis and surgical
repair are associated with the best outcomes. The most
likely etiology of tendon ruptures in patients receiving
hemodialysis is the fragility of the junction between the
tendon and the bone resulting from long-standing and
poorly controlled hyperparathyroidism.

Figure 1 Palpation showing bilateral depression above the patella.

depression upon palpation above the patella (Figure
1). The patient exhibited good general conditions with
no signs of malnutrition. Bone densitometry, which
was previously performed, revealed osteopenia related
to chronic kidney disease. There was no significant
medical history, and no other co-morbidities were noted.
Although no traumatic context had been reported,
clinical examination noted incomplete active knee
extension that was very painful. Radiographs of the
knee showed a lowering of the patella with diffuse bone
demineralization due to renal failure (Figure 2). The
patient subsequently underwent ultrasonography and
magnetic resonance imaging (MRI) to examine the
appearance of the overlying tendon and muscle (Figure
3). Accordingly, simultaneous and spontaneous rupture
of both quadriceps tendons at the patellar insertion was
confirmed. Laboratory analyses revealed a white blood
cell count of 8540/mm³, hemoglobin of 8 g/dL, platelet
count of 352000/mm³. Blood testing revealed the
following values: sodium, 137 mmol/L; potassium, 4.8
mmol/L; calcium, 2.2 mmol/L; phosphorus, 0.9 mmol/L;
serum uric acid, 267 μmol/L; creatinine, 765 µmol/L;
and serum parathyroid hormone, 45 pg/mL (normal,
9-65 pg/mL). Hemostasis assessment was within normal
limits. The treatment consisted of tendon reinsertion
through tendon-to-bone repair (Figure 4). The patient
was immobilized for 4 wk with a splint before undergoing
regular rehabilitation. He was allowed to fully bear weight
6 wk after his surgery. The operative follow-up was
simple. A year later, the patient showed excellent results
and regained his former autonomy (Figure 5).

Zribi W, Zribi M, Guidara AR, Ben Jemaa M, Abid A, Krid N,
Naceur A, Keskes H. Spontaneous and simultaneous complete
bilateral rupture of the quadriceps tendon in a patient receiving
hemodialysis: A case report and literature review. World J Orthop
2018; 9(9): 180-184 Available from: URL: http://www.wjgnet.
com/2218-5836/full/v9/i9/180.htm DOI: http://dx.doi.org/10.5312/
wjo.v9.i9.180

INTRODUCTION
Bilateral quadriceps rupture is a very rare disabling injury.
Although traumatic in nature, it is often secondary to
metabolic disorders and predisposing medical conditions,
[1]
such as diabetes, gout, hyperparathyroidism , systemic
[2,3]
diseases, or chronic renal failure . The spontaneous
and simultaneous rupture of both quadriceps tendons
has been rarely reported in the literature and is usually
observed in patients aged over 40 years; a sex ratio of 6:1
[4,5]
has been recorded for this phenomenon . The most
commonly reported mechanism is the sudden reflexive
eccentric contraction of the quadriceps, with the foot
anchored to the ground and the knees flexed. We herein
report a case involving spontaneous bilateral rupture
of the quadriceps tendon in a patient with renal failure
receiving hemodialysis. Accordingly, we present clinical
particularities, imaging data, and the management
employed.

DISCUSSION
Bilateral rupture of the quadriceps tendon is a rare injury.
Accordingly, the first reported case of simultaneous
bilateral rupture of quadriceps tendons had been by
Steiner and Palmer in 1949. Patients usually complain
of severe knee pain and complete functional disability

CASE REPORT
A 43-year-old male with renal failure (hemodialysis for
20 years) presented with bilateral pain and cutaneous
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Figure 2 Knee radiographs showing patellar lowering and diffuse bone demineralization. A: Antero-posterior X-rays; B: Lateral X-rays.
Right

Left

Figure 3 Magnetic resonance imaging of the knee (sagittal view) showing a complete bilateral rupture of the tendon.

A

B

Figure 4 Surgical management of the injury through bilateral reinsertion of the tendon. A: Exposing the bilateral rupture of the quadriceps tendon; B:
Quadriceps tendon reinserted through tendon-to-bone repair.

Figure 5 Complete active extensions of the knees.
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of the lower limbs. In younger patients, however,
major trauma by direct shock or laceration by a blunt
object has been more common. In the absence of a
traumatic context, assessment should be focused on
identifying systemic diseases wherein tendons become
weakened. Hence, tendon ruptures could be caused
by the diminution of local circulation, abnormalities in
collagen metabolism, repeated microtrauma, weaken
ing, and calcifications, which consequently reduce the
elasticity of the tendon. Most authors agree that bone
resorption at the tendon insertion sites due to secondary
hyperparathyroidism contributes to the pathogenesis of
tendon ruptures. In addition, weakening of the tendon
may be observed when collagen is replaced by elastin
during chronic metabolic acidosis due to chronic renal
failure. Such patients are therefore at risk for bilateral
ruptures. Many cases of bilateral ruptures in athletes
consuming anabolic agents have been also reported in
[6]
the literature . Moreover, direct corticosteroid injections
and fluoroquinolone use have all been associated with
[6]
increased risk of tendon rupture . Though fluoroquino
lone use has most commonly affected the Achilles
tendon, cases involving the rotator cuff, biceps, wrist
extensors, and quadriceps tendons among others, have
[7,8]
also been described . The diagnosis of quadriceps
tendon rupture has been based primarily on anamnesis
and clinical examination.
[4]
Accordingly, Siwek and Rao in 1981 showed that
28% of ruptures had not been initially diagnosed.
Therefore, clinical examination is crucial and allows for
rapid diagnosis, which is critical for optimal therapeutic
management. Clinically, patients are no longer able to
[9]
perform full active extension of the knee . In a supine
position, patients cannot elevate the lower limb while
keeping it extended or maintain this position against
gravity. In a seated position with the knees flexed at
90°, patients are unable to completely extend the knee
when both the quadriceps tendon and retinaculum
(aponeurosis of the vastus medialis and vastus lateralis,
which are inserted on the patella) are torn. On the other
hand, when the quadriceps tendon is torn while the
retinaculum is intact, patients are able to achieve partial
active extension without reaching full extension. During
palpation of the quadriceps tendon, a “hole” and an
interruption of tendon continuity are felt. However, the
swelling and hematoma that subsequently develop may
[5]
obscure the palpability of this “hole” . Quadriceps tendon
tears generally occur 2 cm above the upper pole of the
patella. However, tearing occasionally occurs higher
at the myotendinous junction, particularly in patients
with reduced mobility and muscle atrophy. A differential
diagnosis for patients unable to perform full active knee
extension may include femoral nerve palsy, which might
[10]
be traumatic or iatrogenic . Accordingly, radiological
examinations may help establish a more accurate dia
gnosis. Radiographic views of the knee may show soft
tissue swelling above the kneecap. Calcifications at
the superior pole of the patella may indirectly indicate
quadriceps tendinopathy, which is a predisposition to
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rupture . Considering that the patella is no longer
subject to quadriceps traction, it may be located lower
compared to the uninjured side in unilateral conditions
(patella baja or patella infera).
Although ultrasonography is a non-invasive, rapid,
and effective diagnostic tool for confirming a partial or
complete quadriceps tendon rupture, interpretation
of its results is examiner-dependent and must be
performed by a trained specialist. MRI is another very
sensitive diagnostic tool that can precisely locate the tear,
determine which four layers of the quadriceps tendon are
affected or whether the rupture is partial, and determine
[5]
whether the retinaculum is torn . As such, our patient
underwent MRI to identify quadriceps tendon ruptures
prior to surgery. Surgery based on reintegration for fresh
lesions and tendinous plasty for old ones has always
been the standard treatment for ruptures, with early
[5]
surgical repair providing the best results . Nonetheless,
various surgical techniques have been described. In
the case of tendon body tearing, an end-to-end suture
allows for an excellent repair. For ruptures close to the
[12]
patellar insertion, Krackow points can be made in the
tendon stump, which is then passed through the patella
using longitudinal bony tunnels, ensuring good holding. A
[13]
torn retinaculum must also be sutured. Lighthart et al
studied quadriceps tendon strength after transosseous
suturing and tendon anchoring. Accordingly, their results
showed no difference between the two techniques.
After the operation, walking was permitted albeit
with a splint keeping the knee extended for 4 to 6 wk,
[14]
which helps protect the reconstruction . A mobilization
of 0°-30° can be allowed to prevent adhesions. Most
authors have reported good functional results, always
with complete motion recovery and return to previous
[13,14]
activities
. Though quadriceps amyotrophy is quite
common, it carries no functional repercussions in everyday
life. Moreover, recovery is difficult despite physiotherapy.
In fact, only 4 to 6 wk of actual physiotherapy is provided
postoperatively. Furthermore, a secondary rupture may
[7]
occur but remains rare .
A missed diagnosis may lead to delayed repair,
which could be problematic due to significant quadriceps
retraction. As a result, end-to-end tendon suturing
becomes difficult, and more complex surgical techniques
are often necessary to fix the consequent defect and
restore the extensor system of the knee. Several tech
[5]
niques have been described , including tendon graft
ing (auto- or allograft) and tendon flap advancement.
Nonetheless, delayed repairs have worse results and
higher complication rates. Early diagnosis and treatment
are therefore essential for good healing and functional
recovery.
Spontaneous ruptures of the knee extensor system
are rare, and bilateral forms, which result in functional
disability of both lower limbs, are exceptionally rare.
Given that early diagnosis allows for rapid surgical
management and thus optimal functional recovery,
careful investigation of such ruptures through clinical
examination, plain radiographs, and MRI is therefore

183

September 18, 2018|Volume 9|Issue 9|

Zribi W et al . Bilateral quadriceps tendon rupture
necessary for better tear analysis.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

2

This case involves spontaneous bilateral rupture of the quadriceps tendon in a
patient with renal failure receiving hemodialysis. Accordingly, we present clinical
particularities, imaging data, and the management employed.

3

Clinical diagnosis

Bilateral rupture of the quadriceps tendon.

Differential diagnosis

4

Laboratory diagnosis

5

Femoral nerve palsy.

Blood testing revealed renal failure and anemia without other abnormalities.
6

Imaging diagnosis

Knee radiographs revealed lowering of the patella with diffuse bone
demineralization caused by renal failure. Magnetic resonance imaging
confirmed the diagnosis of bilateral rupture of the quadriceps tendon.

7

Treatment

Tendon reinsertion through tendon-to-bone repair.

8

Related reports

9

Only few cases of spontaneous bilateral rupture of the quadriceps tendon have
been to date reported in the literature.

10

Experiences and lessons

This case will help improve the understanding of the management of bilateral
rupture of the quadriceps tendon, which is a rare injury. The main lesson
learned was that early diagnosis and surgical repair are essential for achieving
the best outcomes.

11

12
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