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Skeletal muscle mitochondrial health and spinal cord injury
Laura C O’Brien, Ashraf S Gorgey

Abstract

Laura C O’Brien, Ashraf S Gorgey, Spinal Cord Injury and
Disorders Service, Hunter Holmes McGuire VA Medical Center,
Richmond, VA 23249, United States

Mitochondria are the main source of cellular energy
production and are dynamic organelles that undergo
biogenesis, remodeling, and degradation. Mitochondrial
dysfunction is observed in a number of disease states
including acute and chronic central or peripheral nervous
system injury by traumatic brain injury, spinal cord injury
(SCI), and neurodegenerative disease as well as in meta
bolic disturbances such as insulin resistance, type Ⅱ
diabetes and obesity. Mitochondrial dysfunction is most
commonly observed in high energy requiring tissues like
the brain and skeletal muscle. In persons with chronic
SCI, changes to skeletal muscle may include remarkable
atrophy and conversion of muscle fiber type from oxidative
to fast glycolytic, combined with increased infiltration of
intramuscular adipose tissue. These changes contribute
to a proinflammatory environment, glucose intolerance
and insulin resistance. The loss of metabolically active
muscle combined with inactivity predisposes individuals
with SCI to type Ⅱ diabetes and obesity. The contribution
of skeletal muscle mitochondrial density and electron
transport chain activity to the development of the afore
mentioned comorbidities following SCI is unclear. A
better understanding of the mechanisms involved in
skeletal muscle mitochondrial dynamics is imperative to
designing and testing effective treatments for this growing
population. The current editorial will review ways to study
mitochondrial function and the importance of improving
skeletal muscle mitochondrial health in clinical populations
with a special focus on chronic SCI.
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Core tip: Mitochondria are the main source of cellular
energy production and have decreased function in many
disease states. After spinal cord injury (SCI) there is a
dramatic deterioration of body composition including
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increased adipose tissue deposition, skeletal muscle
atrophy and conversion from oxidative to glycolytic skeletal
muscle fibers. These changes put persons with SCI at a
high risk for developing cardiovascular disease and type
Ⅱ diabetes. How skeletal muscle mitochondrial function is
impacted after human SCI has yet to be determined. The
current editorial will discuss the importance of studying
skeletal muscle mitochondrial function after SCI.

MITOCHONDRIAL DYNAMICS AND
ENERGY PRODUCTION
Cellular energy production

Mitochondria are double membraned organelles. The
outer mitochondrial membrane (OMM) allows the passage
of small molecules through voltage-dependent anion
channels; however, access to the inner mitochondrial
[9]
membrane (IMM) is much more tightly regulated . The
electron transport chain (ETC) consists of IMM-bound
protein complexesⅠ-Ⅳ and functions to maintain the
electrochemical gradient across the IMM that is necessary
[10]
to make ATP
(Figures 1 and 2). This electrochemical
+
gradient is achieved by the pumping of protons (H ) from
the mitochondrial matrix into the intermembrane space
(IMS) by complexesⅠ, Ⅲ, and Ⅳ (Figure 2). Disruption of
this gradient results in decreased ATP synthesis and causes
electrons to leak from the ETC and react with molecular
- [11]
oxygen in the matrix to create the ROS superoxide (O2 ) .
The main source of electrons for the ETC is the
reduced form of nicotinamide adenine dinucleotide
(NADH) produced by the citric acid (Kreb’s) cycle and
the oxidation of fatty acids (β-oxidation; Figure 1).
Another source of electrons is succinate, a byproduct
of the Kreb’s cycle. Electrons enter the ETC through
complex Ⅰ (NADH dehydrogenase) or complex Ⅱ
(succinate dehydrogenase) and are then transferred
to complex Ⅲ (cytochrome bc1 complex) through a
lipid soluble carrier molecule, coenzyme Q (Figure 2).
Electrons then move between complex Ⅲ and Ⅳ by
way of a water soluble carrier molecule, cytochrome c.
Molecular oxygen is reduced and water is produced by
complex Ⅳ, cytochrome c oxidase. The movement of
electrons through the ETC is coupled to ATP production
by ATP synthase, or complex Ⅴ. This protein complex
converts ADP to ATP and is coupled to proton movement
from the IMS back into the matrix. This process of
synthesizing ATP in the mitochondria is called oxidative
phosphorylation.
Electrons can leak from the ETC and react with
molecular oxygen to create ROS like O2 (Figure 2). Com
plexⅠ and Ⅲ are the primary sites of electron leak and
[11]
are sensitive to ROS injury . ROS play an important role
in skeletal muscle plasticity and activate many signaling
cascades including increasing peroxisome proliferatoractivated receptor gamma coactivator 1-alpha (PGC-1α),
[12,13]
the master regulator of mitochondrial biogenesis
.
Cells have antioxidants in the cytoplasm and mitochondrial
matrix in order to neutralize ROS. However, if the balance
between antioxidants and ROS is disturbed, large amounts
of ROS can result in the oxidation of proteins, lipids and
DNA. As discussed above, access across the IMM is tightly
regulated and disruption of the electrochemical gradient
across it results in decreased ATP synthesis and increased
ROS production. In addition to mitochondrial ROS
production, in skeletal muscle, superoxide is also produced

O’Brien LC, Gorgey AS. Skeletal muscle mitochondrial health
and spinal cord injury. World J Orthop 2016; 7(10): 628-637
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v7/i10/628.htm DOI: http://dx.doi.org/10.5312/wjo.v7.i10.628

INTRODUCTION
Mitochondria produce over 95% of ATP through the process
of oxidative phosphorylation. Under physiological conditions,
mitochondria undergo a dynamic process of biogenesis,
remodeling and degradation. Dysregulation of this balance
results in decreased energy production, increased reactive
oxygen species (ROS) and in some cases cell death.
Mitochondrial dysfunction is observed with normal aging,
as well as in many disease states. It is well established that
damage to the central nervous system (CNS) by traumatic
brain injury, spinal cord injury (SCI) and neurodegenerative
diseases (Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease and amyotrophic lateral sclerosis)
[1]
is associated with mitochondrial dysfunction . Recent
studies have suggested that metabolic disorders including
atherosclerosis, hypertension, cancer, insulin resistance,
type Ⅱ diabetes and obesity is associated with decreased
[2-4]
mitochondrial function as well . A better understanding
of the mechanisms involved in mitochondrial dynamics
and ways to improve mitochondrial health could be
important for designing and testing effective treatments
for these clinical populations. In this editorial we will
discuss the importance of studying skeletal muscle
mitochondrial health and function in persons with chronic
SCI.
SCI is a devastating medical condition that results
from direct or indirect damage to the spinal cord. This
damage can be caused by trauma or by several path
ological conditions. There are approximately 12000 new
cases of SCI each year in the United States and nearly
half of these individuals are between the ages of 16 and
[5]
30 . Because of the near-normal life expectancy of
persons with SCI, the estimated lifetime cost of health
care and living expenses for a person with a cervical SCI
[5]
is over $3 million, not including lost income . After SCI,
patients undergo severe body composition deterioration
and skeletal muscle changes that predispose them to
metabolic disorders like type Ⅱ diabetes and cardio
[6-8]
vascular disease .
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Figure 1 Cellular energy production. In skeletal
muscle, glucose enters the cell through glucose
transporter type 1 or 4 (GLUT1 or GLUT4, res
pectively). Glucose is converted to pyruvate in the
glycolysis pathway. Pyruvate is transported across
the outer and inner mitochondrial membranes (OMM
and IMM, respectively) and into the mitochondrial
matrix where it is converted into acetyl-coA. Fatty
acids undergo β-oxidation in the mitochondria,
creating acetyl-coA and NADH. Acetyl-coA is utilized
by the Kreb’s cycle, creating NADH and succinate
which enter the electron transport chain (ETC) at
complex Ⅰ and Ⅱ, respectively. The movement
of electrons through the ETC is coupled to the
production of ATP in a process called OXPHOS.
IMS: Intermembrane space; OXPHOS: Oxidative
phosphorylation.
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in the sarcoplasmic reticulum, transverse tubules,
[14]
sarcolemma, and the cytosol .

essential for ETC function. MtDNA is susceptible to
damage by ROS because it is not protected by histones
like nuclear DNA. Deletions in mtDNA are observed in
several diseases and may result in a decrease in gene
expression of mitochondrial encoded genes important for
ETC function, resulting in increased ROS production and
decreased ATP production.

Mitochondrial biogenesis

Mitochondrial biogenesis includes transcription of genes
by the nuclear and mitochondrial genomes. Mitochondrial
DNA (mtDNA) is circular and encodes 13 proteins
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Mitochondrial biogenesis is regulated, in part, by the
master regulator PGC-1α and varies based on the energy
needs of the cell. After translation and mitochondrial
import, proteins of the ETC are assembled into protein
complexes and generate ATP through oxidative pho
[13]
sphorylation .

There are multiple techniques that can be used to
measure mitochondrial dynamics and function. These
include measuring mRNA or protein expression, enzyme
activity, and oxygen consumption by respirometry.
Skeletal muscle biopsies are most commonly used in
human studies since spinal cord and brain tissue is
inaccessible.

photometer. This can be done by measuring specific
donor-acceptor oxidoreductase activities as previously
[18,19]
described
. By using specific substrates and inhibitors
each complex can be assayed individually. Linked activity
between complexes can be measured by adding either
NADH (for complexⅠ) or succinate (for complex Ⅱ) and
measuring the reduction of cytochrome c by complex
[18,19]
. Other key enzymes of the citric acid cycle
Ⅲ
(i.e., citrate synthase) and β-oxidation pathways [i.e.,
β-hydroxyacyl-CoA dehydrogenase (β-HAD)] can also be
[18,20]
measured spectrophotometrically
.
The benefit of spectrophotometric analysis is that
it uses a small amount of tissue, samples can be pre
viously frozen, and spectrophotometers are common
[19]
lab equipment . A limitation of spectrophotometric
analysis is that it shows maximum capacity of individual
complexes and does not necessarily represent phy
siological function. However, with the limited sample size
obtained by human skeletal muscle biopsy and the need
by many labs to freeze tissue, this may be a good option
for many research groups.
Previous research has used human biopsy or autopsy
specimens from tissues such as skeletal muscle, liver
[21]
and skin . Studies have been conducted using both
tissue homogenates and isolated mitochondria from
[22,23]
previously frozen human skeletal muscle
. Isolating
mitochondria is ideal for understanding mechanism;
however, the cellular context is lost. Also, more tissue
is needed compared to running tissue homogenates
because some mitochondria will be lost in the isolation
process. A benefit of analyzing tissue homogenates is
that the mitochondria remain in their cellular context,
giving a more physiological reading. A limitation of
analyzing tissue homogenates is the high non-mito
[24]
chondrial NADH oxidase activity of some tissues .

mRNA and protein expression

Respirometry

Enzyme activity

CHANGES IN BODY COMPOSITION AND
METABOLISM AFTER SCI

Mitochondrial dynamics

Remodeling of mitochondria occurs by fission and fusion.
Fusion of mitochondria results in a large mitochondrial
network, while fission pinches off a part of this network.
After fission, mitochondrial fragments can be tagged
for degradation by a specialized type of autophagy,
termed mitophagy, or they can rejoin the mitochondrial
network by fusion. When there is a scarcity of nutrients
the mitochondrial network is fused in order to increase
mitochondrial bioenergetic efficiency, while an abundance
of nutrients results in a fragmented mitochondrial
[15]
network . Mitochondria also make contact with other
subcellular organelles, including the endoplasmic reti
culum. These endoplasmic reticulum mitochondriaassociated membranes play an important role in cellular
functions including mitochondrial division, apoptosis, and
[15,16]
lipid and calcium regulation
.

METHODS FOR STUDYING
MITOCHONDRIA

Measuring oxygen consumption of isolated mitochondria
or permeabilized cells by respirometry is currently the
gold standard for assaying mitochondrial function.
Respiration shows that the ETC is functioning because
oxygen is necessary for ATP synthesis. The addition
of substrates and inhibitors allows assessment of indi
vidual ETC complexes and coupling to ATP synthesis.
Respiration can determine mitochondrial dysfunction
not identified by spectrophotometric analysis, including
impairment in mitochondrial membrane transport, pro
blems with substrate utilization, and defects in fatty acid
[25]
metabolism . Protocols have recently been developed
to analyze mitochondrial function from as little as 20-50
[26]
mg of muscle tissue . However, this technique is labor
intensive and samples cannot be previously frozen
because freezing uncouples the ETC from ATP synthesis.

mRNA and protein expression of molecules involved in
mitochondrial biogenesis, remodeling and degradation
can be observed by quantitative (real-time) polymerase
chain reaction (qPCR) and western blot. This is the
easiest way to detect changes in cellular signaling
cascades and allows for the elucidation of where in the
cascade there is a potential defect caused by disease or
injury. Western blot analysis of ETC proteins and other
mitochondrial proteins can be assayed as an estimate
of respiratory chain function and mitochondrial mass,
respectively. However, this type of analysis assumes that
the proteins will then be imported into the mitochondria
and properly assembled into the ETC complexes. There
is also the assumption that a change in the expression
of one protein from each complex is representative
of the whole complex when in fact there are multiple
proteins in each complex. For example, the mammalian
[17]
complexⅠ contains 45 different proteins .

One way to estimate mitochondrial function is to measure
the activity of individual ETC complexes using a spectro
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[38]

in damage to cells that send messages to and from the
brain. Damage can be to the upper motor neurons that
project from the brain to the spinal cord or lower motor
neurons that project from the spinal cord to the muscles.
The location and severity of the injury largely determines
the extent of impairment. Injuries resulting in motor
and sensory impairment distal to the level of injury are
classified as either complete or incomplete SCI, with
incomplete injury resulting in spared sensation and/or
motor function. The loss of peripheral nervous system
control below the level of injury results in decreased
mobility. This immobility, combined with hormonal
changes and poor dietary habits result in decreased
[6,7,27]
muscle mass and increased adipose deposition
.
These changes put individuals with SCI at a high risk for
developing cardiovascular disease, type Ⅱ diabetes, and
[7,28,29]
obesity
. Recent studies have shown a link between
the deterioration in body composition and the impaired
[30,31]
metabolic profile after SCI
. However, there are still
many questions that remain unanswered at the cellular
level.

Body composition after SCI

muscle that can be damaged easily . Additionally, an
increase in fast glycolytic muscle fibers decreases insulin
[39]
sensitivity and may lead to diabetes .
As discussed above, increased VAT, but not sub
cutaneous adipose tissue, is a risk factor for cardio
vascular disease, glucose intolerance, insulin resistance,
[35]
and hyperlipidemia . This may be due to the infiltration
of immune cells into VAT and subsequent secretion of
inflammatory cytokines including tumor necrosis factor
a (TNFa), interleukin-1β (IL-1β) and IL-6. Previous
research suggests that inflammatory cytokines released
[40-42]
by adipose tissue accelerate skeletal muscle atrophy
.
A recent study investigating the interactions between
adipose tissue and skeletal muscle revealed that VAT
adipocytes from obese subjects decreased cultured
myotube thickness and resulted in a gene expression
[41]
profile suggestive of muscle atrophy . The proposed
mechanism is through the release of IL-1β and IL-6 and
decreased insulin growth factor signaling, resulting in
insulin resistance. Another type of adipose tissue that
is similar to VAT, IMF, is increased after SCI and may
be a contributing factor to the development of insulin
[32,43]
resistance
. The mechanisms underlying the interplay
between adipose tissue and skeletal muscle are just
beginning to be understood.

[8]

Drastic changes in body composition follow SCI .
Skeletal muscle atrophy combined with inactivity and
poor diet contributes to the increased prevalence of
[32]
obesity in this population . Excess body fat, particularly
around the waist, is a risk factor for a number of
conditions including cardiovascular and metabolic dis
[31,33]
ease
. Measurements of body mass index (BMI) do
not take into account regional distribution of adipose
tissue and underestimate fat mass in persons with
[34]
SCI . Waist circumference measurements do not
distinguish between subcutaneous adipose tissue and
ectopic [visceral adipose tissue (VAT)]. It is important to
distinguish between these two adipose tissue types, as
an increase in VAT is a risk factor for cardiovascular and
[35]
metabolic disease . Waist circumference measurements
underestimate the amount of VAT in individuals with
SCI. Increased waist circumference is correlated with the
amount of VAT in able bodied (AB) individuals but this
[36]
is not the case in the SCI population . SCI individuals
have more VAT than AB individuals with the same waist
[37]
circumference . Collectively, these data suggest that
there adipose tissue deposition is increased after SCI
and that the distribution is altered compared to AB
[8]
individuals. For a review on this topic, see .
In addition to increased adipose tissue disposition,
individuals with SCI experience significant changes to their
skeletal muscle. These changes include significant muscle
atrophy, conversion of muscle fiber type from oxidative to
fast glycolytic, and an increase in intramuscular fat (IMF).
Both complete and incomplete SCI results in substantial
atrophy of muscles below the level of injury. Incomplete
SCI resulted in a 33% decrease in thigh muscle cross
sectional area and an increase in IMF six weeks post-injury
[32]
compared to AB controls . The conversion of muscle
fiber type to fast glycolytic results in an quickly fatigued
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Metabolism after SCI

In addition to changes in body composition, metabolism
is disrupted after SCI. As many as 55% of individuals with
SCI have metabolic syndrome, which is characterized
by three or more of the following conditions: Obesity,
high blood pressure, insulin resistance, high triglycerides,
and low high-density lipoprotein (HDL) cholesterol
[44]
levels . Impaired glucose tolerance was observed in
56% of persons with SCI, compared with only 18% of
[45]
AB controls . Individuals with SCI also have increased
[46,47]
low-density lipoprotein (LDL) cholesterol
. These
conditions worsen with age and put individuals at risk for
developing cardiovascular disease and type Ⅱ diabetes.

MITOCHONDRIAL HEALTH STATUS
AFTER SCI
CNS mitochondrial health after SCI

The immediate damage to the spinal cord, including
damage to axons and cells at the injury site is called
primary injury. Models of SCI have shown an increase in
intracellular sodium, chloride and calcium 15-60 min after
[48]
injury . An increase in intracellular calcium may result in
apoptosis if the excess calcium taken up by mitochondria
triggers mitochondrial permeability transition pore
opening. Following this initial insult is a secondary injury,
characterized by invasion of inflammatory cells and more
cell death as cells invade not only the injury site, but also
the spared nervous tissue. Neuronal death leads to loss
of motor or sensory function and loss of oligodendrocytes
[49]
leads to axonal demyelination .
Mitochondrial respiration in the spinal cord through
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[62,63]

complexesⅠ and Ⅱ is decreased and oxidative stress
is increased at 12 and 24 h, but not after 6 h after
[50]
SCI in a rat model . In another study respiration and
complex Ⅰ and Ⅳ enzyme activity was decreased in
[51]
the spinal cord after SCI . In this study mitochondrial
function was improved by treatment with an antioxidant.
ComplexⅠ, complex Ⅳ, and pyruvate dehydrogenase
are mitochondrial enzymes that are particularly
vulnerable to damage by ROS and are decreased after
[52]
SCI . Decreasing ROS or increasing function of these
enzymes may improve functional outcomes after SCI.

glycolysis and β-oxidation
. Finally, SDH was increased
after 4 wk of training, suggesting that complex Ⅱ
[64]
activity is increased with exercise . Similarly, a recent
study showed that a single session of low frequency
electrical stimulation increased genes involved in muscle
[65]
metabolism, including PGC-1α . Collectively, these
studies suggest that paralyzed skeletal muscle is malleable
and can increase mitochondrial function in response to
exercise. Additionally, IMF has been shown to decrease
[66]
after resistance exercise training . This would provide
additional benefit to skeletal muscle and may improve
insulin sensitivity.

Skeletal muscle mitochondrial health after SCI

There is limited knowledge about the changes in
mitochondrial function following SCI in humans. How
ever, indirect evidence of mitochondrial function using
near-infrared resonance spectroscopy to measure tissue
oxygenation revealed that muscle oxidative capacity was
decreased 50%-60% in participants with SCI 2.7-22
[53]
years after injury compared to AB controls . A similar
deficit was observed using histochemistry to measure
succinate dehydrogenase (SDH) activity in muscle
biopsy samples from paralyzed muscle 2-11 years post
[54,55]
injury compared to AB controls
. In contrast, a study
analyzing SDH and GAPDH activity, markers of complex
Ⅱ and glycolytic capacity, respectively, 6-24 wk after
injury found increased activity despite greater fatigability
[38]
of muscles . The reason for these discrepant results
in unclear, but it could be that early after injury muscle
atrophy and fiber type changes results in a compensatory
increase in oxidative and glycolytic enzymes but long
periods of muscle inactivity result in reduced activity of
[38,54,55]
oxidative and glycolytic pathways
. More research
is needed to determine the effect of SCI on mitochondrial
function.
Mitochondria are also dysfunctional in a number
of metabolic diseases including type Ⅱ diabetes and
obesity. A large network of fused mitochondria is
observed in healthy skeletal muscle, while muscle from
[56]
obese and type Ⅱ diabetics is fragmented . Skeletal
muscle mitochondrial function is decreased as well,
with a 2-3 fold decrease in NADH oxidase (complexⅠ)
activity normalized to mitochondrial content in obese
[57]
and type Ⅱ diabetics compared to control .
Exercise interventions have been shown to increase
skeletal muscle mitochondrial function and improve
[58,59]
insulin sensitivity in obesity, diabetes, and aging
.
Some options for exercise intervention after SCI include
neuromuscular electrical stimulation-induced weight lifting
and functional electrical stimulation (FES) cycling. Sixteen
weeks of electrical stimulation-induced resistance training
increased muscle mass and improved mitochondrial
[60]
function by 25% in patients with SCI . FES cycling has
also been shown to increase mitochondrial function in
patients with SCI. Eight weeks of FES cycling resulted in
an increase in citrate synthase, a marker of mitochondrial
[61]
mass . Similarly, studies found increased citrate synthase
as well as increased function of enzymes involved in
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SIGNIFICANCE AND FUTURE
DIRECTIONS
Mitochondria are vital for energy production and play a role
in a number of cellular processes including cell signaling,
cell cycle progression, calcium regulation and cell death.
These organelles are dynamic, and undergo changes in
activity and number in response to cellular energy needs.
A decrease in neuron and skeletal muscle mitochondrial
function is observed in a number of disease and injury
states including CNS trauma, neurodegenerative disease,
[1-3]
type Ⅱ diabetes and obesity . However, we know very
little about mitochondrial function in patients with chronic
SCI. We are just beginning to understand the role of
mitochondria in insulin resistance and how skeletal muscle
mitochondrial function is disrupted in patients with SCI.
Future research needs to be done using functional assays
to assess activity of individual ETC complexes, as well as
its coupling to ATP synthesis.
Increasing mitochondrial function by pharmacological
activation of mitochondrial biogenesis is an active area
[67]
of research . There are a number of FDA approved
medications as well as naturally occurring substances
that activate mitochondrial biogenesis. For example,
resveratrol, which is found in red wine, activates sirtuin 1
(SIRT1) and increases PGC-1α activity and mitochondrial
function and was shown to improve insulin resistance in
[68,69]
diabetic patients
. Small molecules that activate SIRT1
with improved bioavailability and potency have been
developed and are currently being tested in humans. FDA
approved pharmacological activators of mitochondrial
biogenesis include the β2-adrenergic receptor agonist
[70]
[71]
formoterol , the anti-diabetic drug metformin , the
[72]
phosphodiesterase inhibitor sildenafil , the PPARγ
[73]
agonist rosiglitazone , the mitochondrial permeability
[74]
transition pore inhibitor cyclosporine A , and the
[75]
angiotensin-converting enzyme inhibitor captropril ,
among others. Although these compounds are thought
to exert their effects at least in part by increasing
mitochondrial biogenesis, there are currently no specific
activators of mitochondrial biogenesis. Future studies
need to investigate the safety and efficacy of systemically
increasing mitochondrial biogenesis, as well as optimizing
dosing in order to maximize the therapeutic benefit.
In order to study mitochondrial function after disease
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or injury or to assess the efficacy of mitochondrial
targeted therapies, skeletal muscle biopsies could be
used because of the inaccessibility of the brain and
spinal cord in humans. However, recent studies have
suggested that the bioenergetic profile of blood cells is
associated with physical function and inflammation as
[76,77]
well
. Indeed, mitochondrial dysfunction is seen in
blood from patients with a number of diseases including
[78,79]
neurodegenerative diseases and type Ⅱ diabetes
.
Peripheral blood mononuclear cells from patients with
type Ⅱ diabetes and chronic kidney disease have
increased inflammatory cytokines, decreased mito
[80]
chondrial function and increased ROS production .
These studies suggest that blood cell bioenergetics may
predict systemic mitochondrial function and may act as
biomarkers for metabolic stress and surrogate markers
for the severity of disease progression and the efficacy of
[80,81]
therapeutics
. This represents an intriguing possibility,
as obtaining blood samples are much less invasive than
biopsies and could be taken more frequently in order
to better characterize the time course of therapeutic
intervention.
There are a number of different techniques for
analyzing cellular signaling pathways and mitochondrial
function. Researchers should carefully weigh the
convenience of non-invasive techniques with the mech
anistic detail provided by analyzing biopsy tissue. If
choosing to analyze biopsy tissue, care should be taken
to obtain the proper amount of tissue required for the
assay and to prepare it properly in order to preserve
mitochondrial function. For samples that need to be frozen,
spectrophotometric analysis may be the best option
for analyzing mitochondrial function, while respiration
will be ideal for fresh tissue samples. Another research
consideration is whether or not to isolate mitochondria and
this may depend on the sample size.
As discussed above, both resistance training and
FES cycling has been shown to increase mitochondrial
function in persons with SCI. In addition, electrical
stimulation-induced resistance training reduced VAT and
IMF and increased insulin sensitivity while increasing
[66]
muscle mass . FES cycling has been shown to improve
insulin sensitivity as well, but the effect on muscle size
[82]
and body composition were minimal to modest . It
is unknown if conditioning the muscles with resistance
training prior to FES cycling would result in greater
mitochondrial and metabolic outcomes.

is impacted in patients with chronic SCI is critical for
developing interventions to increase mitochondrial
function and improve metabolic outcomes. Skeletal
muscle or blood cell bioenergetics may predict overall
mitochondrial health and therefore be a surrogate
marker of disease progression and treatment efficacy.
Increasing mitochondrial function immediately following
SCI may decrease cell death and improve functional
outcomes. Improvement in mitochondrial function by
exercise or pharmacological interventions in chronic SCI
may decrease comorbidities. This will result in better
health for patients and a lower financial burden for their
health care. A better understanding of mitochondrial
biology may also translate to a number of other diseases
in which mitochondrial are dysfunctional, particularly
insulin resistance, type Ⅱ diabetes, and obesity.
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Abstract
Anterior cruciate ligament (ACL) reconstruction is one
of the most common orthopedic procedures performed
worldwide. In this regard, magnetic resonance imaging
(MRI) represents a useful pre-operative tool to confirm
a disruption of the ACL and to assess for potential
associated injuries. However, MRI is also valuable postoperatively, as it is able to identify, in a non-invasive
way, a number of aspects and situations that could
suggest potential problems to clinicians. Graft signal and
integrity, correct tunnel placement, tunnel widening, and
problems with fixation devices or the donor site could all
compromise the surgical outcomes and potentially predict
the failure of the ACL reconstruction. Furthermore, several
anatomical features of the knee could be associated
to worst outcomes or higher risk of failure. This review
provides a practical guide for the clinician to evaluate
the post-surgical ACL through MRI, and to analyze all
the parameters and features directly or indirectly related
to ACL reconstruction, in order to assess for normal or
pathologic conditions.
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Core tip: There are several original studies and reviews
in the literature that discuss magnetic resonance imaging
(MRI) evaluation after anterior cruciate ligament (ACL)
reconstruction. However, these are mostly focused on
a single aspect such as graft signal intensity, tunnel
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placement, joint anatomy, or complications. This is a first
known review to summarize all the aspects that should
be evaluated through MRI after an ACL reconstruction,
in order to perform a complete and global assessment of
the post-operative status. The iconographic sections with
practical and detailed explanation of measurements will
serve as a useful reference for the MRI evaluation after
ACL reconstruction in daily clinical practice.
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INTRODUCTION
Anterior cruciate ligament (ACL) reconstruction is one
of the most common orthopedic procedures performed
worldwide. It is considered the standard of care for
young active patients who wish to return to sport practice
[1]
after ACL injury . Despite the lack of clear evidence of
its ability to reduce the onset and progression of knee
osteoarthritis (OA), ACL reconstruction is expected
to prevent further meniscal and cartilage lesions that
[2,3]
could occur in the ACL-deficient knee . Usually, ACL
reconstruction is performed arthroscopically (occasionally
combined with extra-articular plasty/augmentation) using
autologous graft such as Gracilis and Semitendinosus
tendons (HS), bone-patellar tendon bone (BPTB), and
Quadriceps Tendon (QT), or allogenic grafts such as
BPTB, Achilles Tendon, and Posterior or Anterior Tibialis
tendons. Graft fixation is obtained through a wide range
of fixation devices, different in function, shape, size,
material, biomechanical proprieties and positioning. The
outcomes of ACL reconstruction are generally good;
however, graft rupture or clinical failure can occur in
[4]
6%-12% of the cases .
In the field of ACL injury and reconstruction, ma
gnetic resonance imaging (MRI) represents a useful preoperative tool to confirm a disruption of the ACL and to
assess for potential associated injuries. However, MRI is
also valuable post-operatively to assess graft healing and
maturation, to determine its position, and to evaluate
[5-7]
potential complications or re-injury . For example, a
survey among expert surgeons of the German Arthroscopy
Association (AGA) showed that MRI represents one of the
decision-making criteria for return to sport activity in only
[8]
4% of those interviewed .
The purpose of this review is to provide a practical
guide for the clinician to evaluate the post-surgical ACL
through MRI, and to analyze all the parameters and
features directly or indirectly related to ACL reconstruction,
in order to assess normal or pathologic conditions.

WJO|www.wjgnet.com

Figure 1 Various graft signal intensity. The signal intensity is usually
calculated through the SNQ (signal-digital noise ratio), which is obtained through
the following formula: SNQ = (ACL graft signal - PCL graft signal)/background
signal. According to these measurements, we could have a hyperintense graft
(A), a graft with reduced intensity signal but not yet analogous to native ACL
(B) and a graft iso-intense to PCL (C). PCL: Posterior cruciate ligament; SNQ:
Symbol of national quality; ACL: Anterior cruciate ligament.

GRAFT SIGNAL
The signal evaluation of the neo-ligament, whose
intensity is generally evaluated with a combined score
(Table 1) or with software (Figure 1), represents a dy
namic field of research.

General healing process

From the biological point of view, the intra-articular
graft undergoes a maturation and remodeling process
lasting even beyond 24 mo, and consists of 4 steps: The
initial avascular necrosis, the revascularization, cellular
[9]
proliferation, and final remodeling . It is generally
agreed that initially the graft undergoes necrosis, showing
hypocellularity especially in its central part. Cytokines are
released as a consequence of necrosis, which then trigger
growth factors for cell migration, proliferation, extracellular
[10]
matrix (ECM) synthesis, and revascularization .
Maximum cellularity is observed during the proliferation
phase as the cell number surpasses that of the intact
[11]
ACL in numerous animal models . Cell numbers then
regress towards the intact ACL cellularity at the end of the
proliferation phase. The tissue remodeling phase is started
with cell-mediated restructuring of the extracellular matrix
as an adaptive response to mechanical loading on the
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tendon graft. This whole process from tendon graft toward
the acquisition of histologic and biomechanical properties
similar to the native ACL is known as “ligamentization”.
This process could be indirectly monitored through
MRI, as it has been proved that poor biomechanical
properties and an incomplete graft maturation are related
[5,7]
[12]
to a hyperintense graft signal on MRI . Weiler et al
demonstrated in an animal model that a significantly
th
th
elevated graft signal was present between the 6 and 12
weeks, and this condition was correlated to the lowest
tensile stress of the graft (estimated around the 7%-16%
th
th
of the initial values). However, from the 6 to the 24
month, the signal did not differ from that of the native ACL
and the tensile stress increased, reaching around the 60%
of the time-zero values. Furthermore, contrast-enhanced
MRI with gadolinium showed the return to a graft
th
signal similar to the native ACL by the 24 month, thus
suggesting a late remodeling period. From the histological
point of view, hyperintense signal was correlated to
the presence of new hypervascular and hypercellular
reparative tissue.
Despite the normal maturation process, it is im
portant to know that an increase of signal intensity of the
new-ACL, especially on the distal two-thirds, may also
be due to graft impingement. This complication occurs
when the grafts contacts the intercondylar notch during
the extension of the knee. This has been implicated in
the pathogenesis of the so-called “Cyclops lesion”, which
consist of a fibrous injury to the anterior side of the graft,
[5,13]
close to the site of greatest friction within the notch
.

A

Figure 2 Successful anterior cruciate ligament reconstruction with
Gracilis and Semitendinosus autograft with a normal healing process.
At the 6th month, it is possible to appreciate in the T2-Fast recovery sat-spin
echo (FRFSE) MRI a hyperintense line within the graft body. The graft is
surrounded by an intermediate signal intensity tissue (red arrows), representing
vascularization and synovialization (A). At the 12th month, the periligamentous
signal has disappeared and the graft signal decreased resembling that of PCL
(B). PCL: Posterior cruciate ligament; ACL: Anterior cruciate ligament; MRI:
Magnetic resonance imaging.

shown that the Gracilis and Semitendinosus autograft
demonstrated slower maturation at 6 mo compared
to an autograft quadriceps tendon with bone block,
[14]
when measured with the signal/noise quotient . The
authors proposed the possibility of needing to modify
rehabilitation according to the extent of graft maturation
to prevent re-injury and maximize patient function.

Allografts

BPTB autograft

Even allografts exhibit a similar behavior; however, it
has been demonstrated that they have a much longer
[15-17]
maturating process
. This has been confirmed by
the persistence of a higher signal intensity compared to
[18]
autografts for up to 2 years following ACL reconstruction .
In summary, the MRI evaluation of the neo-ligament
signal indirectly allows us to obtain valuable information
of the state of maturation, giving the clinician precious
insight that can help guide rehabilitation and physical
activity.

The structural composition of the graft and the presence
or absence of the bone plugs has been shown to present
different maturation behaviors and presentations with
MRI. When BPTB autograft tendons are used, in the first
month the graft usually presents a low-intensity signal
in T1 and T2 sequences, similar to the original patellar
tendon, mirroring the relatively avascular nature of the
donor structure. Subsequently, during the remodeling
phase, the graft is wrapped by synovial tissue and
vascularized (Figure 2), with the consequent increase of
MRI signal up to 16-18 mo. After this period, the graft
[5-7]
will shortly reach a signal very similar to original ACL .

GRAFT INTEGRITY
Apart from incorrect tunnel placement, one of the most
common causes of ACL reconstruction failure is a new
injury. A new disruption of the reconstructed ligament
appears on MRI as increased signal intensity in the T2
[7,19]
sequence within the graft body
(Figure 3). However,
this should be combined with a concordant clinical
examination and a clear medical history of a new trauma.
In fact, the mere MRI evaluation could sometimes
be misleading, because of the discordance between
clinical examination and MRI evaluation. In a series
of 50 revision ACL reconstructions with a graft lesion
confirmed by arthroscopy and clinical examination, the
graft was read intact on MRI evaluation in 24% of cases.
The discordance between MRI and clinical evaluation,

HS autograft

When Gracilis and Semitendinosus autograft tendons
st
are used, in the 1 month it is possible to not necessarily
observe a hypointense signal as with the BPTB graft,
because of the multiple layer configuration of the graft
that could cause an accumulation of a thin liquid stratum
(hyperintense at the MRI) between the individual layers.
This finding, sometimes combined with small liquid
deposits in the tunnel-graft interface, can remain in
the first post-operative year. After that, the maturation
process continues similarly to that of the patellar
[5-7]
tendon . However, in a recent study on 26 patients
undergoing single-bundle ACL reconstruction, it has been
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Figure 3 Three years after an anterior cruciate ligament reconstruction
with Gracilis and Semitendinosus autograft in a 26-year-old-male. The
intercondylar space is occupied by mixoid tissue with slightly hyperintense
signal in proton density turbo-shin echo weighted images (white arrows). It is
not possible to distinguish the regular course of the graft.

Figure 4 On the sagittal plane, the front border of the tibial tunnel. It
should be localized behind a line that is tangential to the Blumensaat line (line b);
however, without going beyond the midpoint of the proximal tibia with the knee
in full extension. The femoral tunnel should be located at the intersection of the
posterior femoral cortex (line a) and the lateral wall of the intercondylar notch
(line b). The position of the tibial tunnel entrance is measured as following: the
total antero-posterior diameter of the tibial plateau (line c) is measured in the
sagittal slice where the tibial entrance is better visualized. The location of the
anterior margin of the tunnel is obtained dividing the distance from the anterior
tibial plateau margin and the most anterior part of the tunnel entrance (point
1) for the total AP diameter (line c) and multiplying for 100. The location of the
posterior margin (point 3) and the center of the tunnel (point 2) are obtained
similarly (A). Sagittal view with a tibial tunnel positioned anterior to the midpoint
of the tibial plateau diameter, resulting in an increased risk of impingement (B).
Sagittal view with a tibial tunnel positioned too posterior, resulting in a vertical
graft (C). The native ACL is located between the 31% and 63% of the tibial
plateau diameter, with its center at 48%. ACL: Anterior cruciate ligament.

and between MRI and arthroscopic evaluation was 52%
and 44% respectively, especially in the cases of an
[19]
insidious-onset mechanism of injury . With arthroscopic
evaluation as the diagnostic standard, the sensitivity
of MRI to diagnose an ACL graft tear was 60%, and
specificity 87%.
Therefore, it is possible to see an apparently normal
graft on MRI but clinically or arthroscopically injured or
elongated. To avoid this discrepancy and to improve the
diagnostic power, some authors suggest the use of MRarthrography, which can increase the sensitivity and
[5]
specificity toward values near 100% . Nevertheless
the MRI should be considered an additional and not
exclusive tool for the assessment of the post-operative
ACL.

4B), while a tunnel too posterior could lead to a vertical
graft (Figure 4) responsible of an incomplete control
[22]
of knee antero-posterior and rotatory stability . A
controversial matter of debate is the correct positioning
of the femoral tunnel. Despite the fact that the most
accurate evaluation is obtained through arthroscopy,
MRI could be helpful to identify gross malpositioning.
It is generally accepted that the femoral tunnel should
be located at the intersection of the posterior femoral
[23]
cortex and the lateral wall of the intercondylar notch
(Figure 4A).
Regarding the bi-dimensional sagittal inclination,
considering that the native ACL sagittal inclination
[24]
ranges between 50°-60° , the graft inclination after
ACL reconstruction should not exceed 60° (Figure 5A).
A greater laxity could be linked to ACL reconstructions
with sagittal graft inclination > 60° (Figure 5B).

TUNNEL POSITION
The correct positioning of the femoral and tibia tunnel
represents a key technical step for the success of ACL
reconstruction surgery. The MRI provides important
information about those aspects, especially regarding
the graft inclination.

Sagittal plane position

On the sagittal plane of the MRI the front border of
the tibial tunnel should be localized behind a line that
is tangential to the Blumensaat line (which is the line
tangential to the intercondylar roof), without going
beyond the midpoint of the proximal tibia with the knee
in full extension (Figure 4A). The tibial tunnel center
should ideally be located around the 42% mark of the
entire sagittal distance of the tibial plateau as measured
[20]
from the anterior edge of the tibia (Figure 4A). It
has been demonstrated that the native ACL is located
between the 28% and 63% mark of the tibial plateau’s
[21]
antero-posterior diameter, with the center at 46% . If
the tunnel is too forward, the risk of impingement of the
graft with the intercondylar notch increases, possibly
causing extension deficit or a Cyclops lesion (Figure
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Coronal plane position

Similarly, on the coronal plane, the graft inclination
should be less than 75° (Figure 6A), as an excessively
vertical graft sub-optimally controls rotatory laxity
[25]
compared with a more horizontally placed graft
(Figure 6B). Usually, the coronal position of the tibial
tunnel entrance does not represent an issue in the MRI
evaluation after ACL reconstruction, as it is generally
in the correct position under the femoral notch in the
vast majority of the cases thanks to intra-operative
anatomical landmarks; such as the anterior horn of
lateral meniscus and the medial tibial eminence.
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Figure 5 Measurement of the sagittal obliquity of the graft.
The inclination is calculated measuring the angle between the
perpendicular line (line c and d) to the proximal tibial axis (line a and
b), and the line which best defines the course of intra-articular part of
the graft (line e and f). A high angle represents a vertical graft in the
sagittal plane (A). Vertically positioned graft, with an angle of 78°, far
higher than the normal range 50°-60° (B).

B

a
e

55.04°

d

78.11°

c
f
b
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c

70.13°
a

b

88.23°

d

Tunnel inclination could therefore be correlated with
success or failure of ACL reconstruction. Hosseini et
[26]
al , reported a mean sagittal graft inclination of 69°
in patients with failed ACL reconstruction scheduled for
[24]
a revision procedure. Similarly, Mall et al
reported
greater laxity in knees with sagittal graft inclination >
60° (Figure 5B); however, this did not affect general
outcomes and the ability of these National Football
League (NFL) athletes to return to high level sports
[27]
practice. Furthermore, Fujimoto et al
found a mean
coronal graft inclination of 79.5° in patients with grade
3 laxity after ACL reconstruction. Several factors could
influence graft inclination, such as surgical experience,
knee anatomy, and surgical technique. It has been
demonstrated that trans-tibial (TT) femoral tunnel
drilling tended to result in more vertical grafts in the
sagittal plane compared to anteromedial portal (AMP)
[28]
drilling (72° vs 53°) or other methods of independent
femoral tunnel drilling.

tunnel measurement is in fact mandatory, as it could
represent an indication for a staged revision procedure
(usually with a tunnel diameter > 15 mm). However,
through MRI it is possible to identify liquid collection and
cyst formation inside the tibial tunnel, responsible of
potential tunnel widening (Figure 7). Usually in Gracilis
and Semitendinosus ACL reconstruction, such situations
could occur within the first post-operative year. A
hyperintense signal due to liquid collection in the tendontunnel interface could be present; however, with the
[5-7]
tendency for spontaneous resolution . Usually, tunnel
enlargement occurs within the first 3 month and tends to
remain stable up to 2 years if no tunnel malpositioning or
graft lack of healing is present.
[30]
The exact etiology of tunnel widening is unknown ,
despite the fact that it has been related to several factors
such as mechanical or biological mechanisms. Size
mismatch between tunnel and graft dimension could
allow sagittal micromotion at the graft-tunnel interface:
This phenomenon, known as the “windshield wiper
effect”, has been indicated as a potential cause of tunnel
enlargement especially in the tibia, proximal to the
fixation site. Similarly, longitudinal elongation, known as
the “bungee cord effect” could also play a role. The use of
a Gracilis and Semitendinosus graft coupled with cortical
devices, that produce a low stiffness construct with a long
tunnel length, have been demonstrated to be subjected
to this phenomenon, leading to tunnel enlargement
[31]
in the femoral side . Furthermore, tunnel malposition
could generate abnormal stresses and motion of the graft,
leading to tunnel lysis. As tunnel enlargement has been
noted to stabilize after the first 3 month post-operative,

TUNNEL ENLARGEMENT
Tunnel morphology and possible enlargement should be
evaluated appropriately using radiographs, computed
[29]
tomography (CT), or MRI . It has been demonstrated
that intra-observer kappa scores for CT, radiographic
and MRI evaluation of tunnel enlargement were 0.66,
0.50 and 0.37 respectively, and inter-observer kappa
scores were 0.65, 0.39 and 0.32 respectively. Thus,
MRI is considered a sub-optimal and not reliable tool
to evaluate the progression of tunnel enlargement,
while the CT represents the most reliable one. A precise
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Figure 6 Measurement of the coronal
obliquity of the graft. The inclination is cal
culated measuring the angle between the
tangent line to the tibial plateau (a and b) and
the line which best defines the course of the
intra-articular part of the graft (c and d). A high
angle represents a vertical graft in the coronal
plane (A). Vertically positioned graft, with an
angle of 88°, far higher than the normal value <
75° (B).
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Figure 7 Coronal slice of a proton density spectral attenuated inversion
recovery weighted mri 3.5 years after anterior cruciate ligament reconstruction
with gracilis and semitendinosus autograft in a 29-year-old female. It shows
tibial tunnel macroscopic enlargement (A). In the sagittal T1 Turbo-Spin Echo
weighted image, it is possible to note a cyst with hyperintense signal (B).

Figure 8 Proton density fat saturation coronal magnetic resonance imaging.
The metal interference screw on the femoral side (black asterisk) is responsible of
marked artifact that could hinder the evaluation of tunnel placement, differently from
the bioabsorbable interference screw on the tibial side (white asterisk).

the tunnel causing reduction of graft tensioning; cross
pin fixation can migrate inside the soft tissues irritating
muscles or tendons; while bioabsorbable materials
can generate foreign-body inflammatory reaction. The
latter circumstance could represent a severe event, due
to an immune-mediate response. The production of
inflammatory cytokine and the creation of a granuloma
inside the bone around the screw or even in the
surrounding soft-tissues, could possibly compromise the
[34]
trabecular architecture weakening the bone . Normally,
bioabsorbable screws made in Poly-L-lactide (PLLA) or
hydroxyapatite-PLLA have been reported to reabsorb
[35]
slowly, necessitating up to 4 years to degrade . Poly-D-Llactide (PDLLA) screws have been reported clearly visible
with MRI at 6-8 mo, show fragmentation and connective
tissue ingrowth at 12-16 mo, and can be fully reabsorbed
[36]
after 22 mo . Differently, Polyglycolic Acid (PGA) screws
have been shown to be completely reabsorbed even after
[37]
6-12 mo .

it is believed that the bone-to-bone or the tendon-tobone healing within the tunnel could also influence the
mechanical behavior of the graft. For the aforementioned
reasons, early and aggressive rehabilitation, could
potentially contribute to this phenomenon as well.
Regarding biological factors, it has been proposed that
tunnel enlargement has been associated with allograft use
[32]
secondary to a subclinical immunologic reaction , and
to the presence of inflammatory cytokines within synovial
fluid between the bone-graft tunnel interfaces, because
of their osteolytic activity. Finally, a 12% increase size of
the graft due to swelling has been reported through MRI
after ACL reconstruction, and the consequent increased
pressure within the tunnel could be responsible for
necrosis and further cytokine release.
Despite the fact that tunnel enlargement does not
appear to adversely affect clinical outcomes in the short
term, the long-term relationship with potential knee
[30]
laxity or increased traumatic failure is unknown .
Moreover, large tunnels could seriously complicate the
revision procedure, especially regarding graft placement
and fixation, sometimes requiring a staged procedure.

DONOR SITE PATHOLOGY
The MRI could be considered a precious tool also to
evaluate aspects not directly relating to the neo-ACL,
but closely related to reconstruction surgery, as those
deriving from graft harvesting.

FIXATION DEVICES
Fixation devices can be an issue in ACL post-operative MRI
evaluation, because metallic devices could be responsible
for disturbing artifacts (Figure 8). However, artifacts
derived from metallic devices such as interference screws
can be managed with software techniques to reduce
metallic-hardware artifacts, reduction of slice thickness,
and use of interecho spacing or short tau inversion
[33]
recovery (STIR) techniques . The use of bioabsorbable
devices reduce the problems related to artifacts. However,
despite possible artifacts due to fixation devices, their
macroscopic mobilization, migration or rupture could be
easily evidenced on MRI, and represent the cause of a
potential reconstruction failure. Interference screws can
migrate inside the joint damaging articular cartilage;
suspensory extra-cortical systems can move inside
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BPTB autograft

For example, the patellar tendon after the harvesting of
its middle third, could appear thickened with enhanced
[38]
signal in T1 and T2 sequences
(Figure 9). A gap
between the medial and lateral third of the patellar
tendon could be present, despite the fact it tends to
disappear with time (Figure 10). In this regard, MRI
studies have revealed the permanence of the tendon gap
even after 10 years from reharvesting, and an increase
of tendon thickness from 2 to 10 years, significantly
[39]
higher compared to normal tendon . Although rare,
a patellar fracture, patellar tendon tears, bursitis or
hematoma, especially after BPTB graft reharvesting, can
be observed.
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Figure 9 Anterior cruciate ligament reconstruction with
bone-patellar tendon bone autograft in a 30-year-old male
at 2 years of follow-up. Donor site pathology is displayed
as a hyperintense signal (asterisk) in the proton-density fat
saturation axial images surrounding the split patellar tendon (A).
In the sagittal proton density weighted slice, the post-operative
patellar tendinopathy is displayed as an increase of signal
intensity within the tendon itself (asterisk), that resulted in an
enlarged and swollen tendon (B).

B

*

A

B
*

*

C

*

Figure 10 Natural history of bone-patellar tendon bone harvesting in a 21-year-old male. It is possible to appreciate a bone defect (asterisk) on the anterior surface of the
patella (A), the split hypointense patellar tendon (asterisk) (B), and another squared bone defect (asterisk) at the level of the central part of the anterior tibial tubercle (C).

Sometimes, the Hoffa fat-pad could present an
inflammatory reaction, highlighted by a hyperintense
T2 signal at MRI fat-suppression sequences, due to
hypertrophy and edema.
Another relatively frequent complication that can
occur in the anterior knee compartment often related
to graft harvesting is arthrofibrosis (Figure 11). Defined
as a generic condition of post-operative stiffness (either
extension or flexion), arthrofibrosis is believed to occur
from ACL reconstruction being performed before posttraumatic inflammation has subsided or secondary to
prolonged immobilization after ACL reconstruction. The
arthrofibrosis can be diffuse or focal, and presents as
an area of low-intermediate signal intensity extending
[6]
anterior to the distal ACL (Table 1).

Figure 11 Sagittal proton density weighted images of anterior cruciate
ligament reconstruction with Gracilis and Semitendinosus Autograft in a
26-year-old male at 1.5 years follow-up. It is possible to appreciate a localized
area of low to intermediate signal intensity extending anterior to the distal anterior
cruciate ligament graft (black arrows) consistent with local arthrofibrosis.
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Regarding the “pes-anserinus”, it occasionally is subjected
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early ACL failure and 35 with no evidence of ACL graft
failure, particularly medial (Figure 13A) and lateral (Figure
13B) tibial plateau sagittal slope. They found a higher
lateral tibial plateau slope in patients that experienced
graft failure (8.4° vs 6.5°). They estimated an odd ratio
for graft failure of 1.6, 2.4 and 3.8 with a slope increase
of 2°, 4° and 6° respectively. These findings were more
evident in females. A similar conclusion was presented
[44]
by Webb et al
using lateral radiographs. They
described an incidence near 60% of graft re-rupture or
contralateral ACL injury in patients with tibial slope >
12°. An increased tibial slope, especially the posterior
slope of the lateral tibial plateau, is in fact a recognized
[45]
risk factor for non-contact ACL injury . However, there
are some controversies in the literature, as some studies
describing increased medial tibial plateau being the more
important risk factor to ACL injury. Others believe the
meniscal slope is a more accurate measure rather than
the bony tibial plateau slope. Furthermore, different
landmarks for measuremet, knee or long-leg X-ray, use
of MRI, and other features, increase the variability of the
measurement and the absence of complete agreement
regarding this issue. However, despite the controversy
in the literature, it is well accepted that increasing the
posteriorslope overall increases risk of ACL injury or graft
failure.

Table 1 Figueroa’s score
Item

Points

Integration: Synovial fluid at tunnel-graft interface
Positive
Negative
Ligamentization: Graft signal pattern (> 50%)
Hypointense
Isointense
Hyperintense
Characterization of graft
Poor
Adequate

1
2
3
2
1
2
3-5

The Figueroa score is based on the sum of the points achieved in the 2
items: 2-points represents an insufficiently mature graft, while a score
between 3 and 5 points represents a good ligamentization process and
graft integration.

to donor-site pathology. A light fluid collection along the
donor site can be present in the first post-operative month,
until its complete disappearance around 12-18 mo. Tendon
regeneration has been documented to occur through the socalled “lizard’s tail effect”, even if the quality for reharvesting
[40]
could be questioned . A 2014 systematic review of 18
publications demonstrated a mean regeneration rate for the
[41]
semitendinosus and gracilis tendons of 70% or higher .
However, more recent literature supports a complete
rd
th
regeneration of the Semitendinosus during the 3 -6
month in 60% of the cases, while Gracilis regeneration
has been reported to be present after its harvesting in
30% of the cases (Figure 12). Complete regeneration of
the whole “pes anserinus” was only noted in 10% of the
cases, often with an ectopic re-insertion 1-2 cm below the
joint line at the level of Sartorius fascia or medial head of
Gastrocnemius. In 15% of the cases, complete absence of
both tendons was noted. An initial hypertrophy, followed
by a progressive volume reduction was described along
the first 2 post-operative years, accompanied by muscular
atrophy, retraction and fatty infiltration in up to 90% of the
[42]
cases .

Notch shape

Notch shape is also considered a risk factor for noncontact ACL injury. A narrow notch has been measured
in ACL-deficient patients, probably accounting for a
smaller and weaker ACL compared to healthy patients
[46]
with a wider notch . Furthermore, in the setting of ACL
[13]
reconstruction, Fujii et al found a smaller notch crosssectional area (Figure 14) in patients that developed the
“cyclops lesion” due to notch impingement compared to
2
2
complication-free patients (251.7 mm vs 335.6 mm ).

Anterior subluxation
[47]

Tanaka et al
reported an abnormal tibiofemoral
relationship at MRI in patients with failed ACL recon
struction. An average of 5.7 mm of anterior tibial
subluxation within the lateral compartment was reported,
with a value greater than 15 mm in 12.5% of cases
(Figure 15). The magnitude of anterior subluxation was
3.9 mm and 3.1 mm greater than the values of normal

JOINT MORPHOLOGY AND ACL
RECONSTRUCTION
Tibial slope

[43]

Christensen at al

evaluated the MRI of 35 patients with
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Figure 12 Natural history of Gracilis and Semitendinosus
harvesting. Two years after anterior cruciate ligament
reconstruction in a 21-year-old male, in the axial view it is
possible to appreciate a well represented “pes anserinus” with
regenerated Sartorius fascia (black asterisk), Gracilis tendon
(red asterisk) and hypertrophic Semitendinosus tendon (white
asterisk) (A). Conversely, seven years after anterior cruciate
ligament reconstruction in a 35-year-old male, it is possible
to identify the Sartorius fascia (black asterisk) with a thin and
hypotrophic Gracilis (red asterisk) and Semitendinosus (white
asterisk) tendons (B).
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Figure 13 The medial tibial plateau slope is calculated in a sagittal slice
passing through the middle-portion of the tibial plateau. As the angle
between the perpendicular line (line c and d) to the proximal tibial axis (line
a and b) and the line tangent to the tibial plateau (line e and f) (A); the lateral
tibial plateau slope is calculated similarly (B). For a correct identification of
the proximal tibial axis, it should pass mid-way on two antero-posterior tibial
diameters drawn at a distance of 5 cm and 15 cm from the joint line.
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g

e

b

b

Figure 15 The tibial anterior subluxation with respect to the femur is
measured as follow. With the magnetic resonance imaging acquired in
extension and external rotation, the sagittal slice passing through the insertion
of the medial gastrocnemius (medial side) or through the most medial cut of
the fibula at the tibiofibular joint (lateral side) is selected. Then, a circle over the
subchondral line of the posterior condyle (circle a) and a line tangential to the
tibial plateau (line b and c) are drawn. The distance (red asterisk) between a
perpendicular line to the tibial plateau passing through its posterior margin (line
d and e) and a parallel line tangent to the circle (line f and g) is measured.

d
b

Figure 14 The femoral notch cross sectional area is measured as follows.
The coronal slice passing at the middle point of the Blumensaat Line is chosen.
The width of the notch (red dotted line) is measured on a line passing through
the popliteal groove (line c and d) parallel to the femoral joint surface (line a
and b). The height of the notch is the distance between the joint surface and the
top of the intercondylar notch. The cross sectional area (red box) is obtained
multiplying the width (mm) by the height (mm).

a

b

c

d

Figure 16 Tibial plateau anatomy is best evaluated by selecting the
coronal slice where both tibial spines are visible. Lateral Femoral Condyle
(line a) and Medial Femoral Condyle (line b) diameters are measured from
borders of corresponding articular cartilage. Lateral Tibial Plateau (line c) and
Medial Tibial Plateau (line d) diameters are measured from the intercondylar
spine to the border of the corresponding tibial plateau.

knees and knees with acute ACL tears, respectively.
No noteworthy findings were reported for the medial
compartment. This association between anterior dis
placement and failed ACL reconstruction may provide a
mechanical explanation of suboptimal clinical results of
ACL revision reconstruction.

patients with a higher risk of sub-optimal results of ACL
reconstruction. In these cases of higher pre-operative
laxity, the association of a lateral extra-articular plasty
[49]
could be indicated (Figure 17).

Tibial plateau and femoral condyles geometry

CONCLUSION
[48]

In the ACL-deficient condition, Musahl et al
noted
a narrower lateral tibial plateau in patients with grade
Ⅱ pivot-shift compared to patients with gradeⅠpivotshift, (35.5 mm vs 30.3 mm) (Figure 16). However,
this finding was significant only in female patients. No
other anatomical parameters seemed to affect the
pre-operative laxity. The authors suggested that bony
anatomy contributes to the magnitude of knee laxity in
the ACL-deficient knee; therefore, it could be argued that
patients with specific anatomical features could represent
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MRI represents an important tool for the post ACL
reconstruction evaluation, due to its abilities to identify, in a
non-invasive manner, a number of aspects and situations
that could suggest potential problems to clinicians. Graft
signal and integrity, correct tunnel placement or widening,
and problems with fixation devices or donor site could
all compromise the surgical outcomes and potentially
determine the failure of the ACL reconstruction. However,
this tool must not be used in isolation when assessing
the post ACL reconstruction status. It should always
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Figure 17 Magnetic resonance imaging evaluation of an anterior cruciate
ligament reconstruction with a single-bundle plus lateral extra-articular
plasty/augmentation using Gracilis and Semitendinosus Autograft. In the
coronal view, it is possible to identify the intra-articular part of the graft (black
arrows) that continue proximally above the lateral femoral condyle (red arrows)
in the “over-the-top” position (A). The lateral extra-articular plasty (asterisk)
could be identified both in axial (B) and coronal view (C) beneath the iliotibial
band, extending from the lateral femoral condyle to Gerdy’s tubercle.

14

15

be integrated with a careful clinical and medical history
evaluation, as only an integrated approach to graft status
and functionality is most effective in reducing potential
diagnostic mistakes.

16

17
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MINIREVIEWS

Treatment of the ulnar nerve for overhead throwing
athletes undergoing ulnar collateral ligament reconstruction
Matthew S Conti, Christopher L Camp, Neal S Elattrache, David W Altchek, Joshua S Dines

Abstract

Matthew S Conti, Department of Orthopaedic Surgery, Hospital
for Special Surgery, New York, NY 10021, United States

Ulnar nerve (UN) injuries are a common complaint
amongst overhead athletes. The UN is strained during
periods of extreme valgus stress at the elbow, especially
in the late-cocking and early acceleration phases of
throwing. Although early ulnar collateral ligament (UCL)
reconstruction techniques frequently included routine
submuscular UN transposition, this is becoming less
common with more modern techniques. We review
the recent literature on the sites of UN compression,
techniques to evaluate the UN nerve, and treatment of
UN pathology in the overhead athlete. We also discuss
our preferred techniques for selective decompression and
anterior transposition of the UN when indicated. More
recent studies support the use of UN transpositions only
when there are specific preoperative symptoms. Athletes
with isolated ulnar neuropathy are increasingly being
treated with subcutaneous anterior transposition of the
nerve rather than submuscular transposition. When ulnar
neuropathy occurs with UCL insufficiency, adoption of
the muscle-splitting approach for UCL reconstructions,
as well as using a subcutaneous UN transposition have
led to fewer postoperative complications and improved
outcomes. Prudent handling of the UN in addition
to appropriate surgical technique can lead to a high
percentage of athletes who return to competitive sports
following surgery for ulnar neuropathy.
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Core tip: Ulnar nerve (UN) injuries frequently plague
overhead athletes due to the strain caused by extreme
valgus stress across the elbow during throwing. In this
paper, we review common locations of UN compression
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and keys to the evaluation. We also discuss the recent
literature on treatment of injuries to the UN in overhead
athletes and our preferred techniques for addressing UN
symptomatology during concomitant UCL reconstruction.
Athletes are increasingly being treated with subcutaneous
anterior UN transpositions only when appreciable neuro
logic symptoms are present preoperatively.

Medial epicondyle
Distal
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Ulnar nerve

Figure 1 Ulnar nerve anatomy at the elbow. The ulnar nerve courses
posterior to the intermuscular septum and adjacent to the triceps. It passes
posterior to the medial epicondyle before entering into the cubital tunnel.

which is found when the it is compressed at more than
[10]
one level . This occurs because nerves compressed at
[11]
one site are more easily damaged at another .
The arcade of Struthers, a band that travels from the
medial head of the triceps to the medial intermuscular
septum in the upper arm, is another common site
of compression for the UN. Located approximately 8
cm proximal to the medial epicondyle, the arcade of
[3,9,12,13]
Struthers present in 70% of the population
.
Failure to relieve compression at the arcade of Struthers
can lead to persistent UN symptoms despite cubital
[3,9,10,12,13]
tunnel release
. The UN can also be compressed
in patients with a hypertrophy medial triceps, which
[9]
is commonly observed in throwing atheltes . In a
recent series of six adolescent throwers with CTS and a
hypertrophic medial triceps, all six patients demonstrated
UN compression when the elbow was flexed greater than
[7]
90° .
After traversing the arcade of Struthers, the nerve
enters the CT as it passes behind the medial epicondyle.
The floor of the CT is formed by the olecranon,
posteromedial elbow capsule, and UCL, while the roof
is created by the CT retinaculum (or arcuate ligament).
It has been reported that the space available for the
UN within the CT decreases by as much as 55% during
[10]
elbow flexion . Additionally, the CT can be narrowed
in the presence of a hypertrophic arcuate ligament or
[9,14]
anconeus epitrochlearis muscle
. Bony abnormalities
such as prominent osteophytes near the medial epi
condyle or the olecranon can impinge on the nerve in
[9]
the CT resulting in UN irritation .
Upon exiting the CT, the UN passes between the
dual muscle bellies of the FCU. Compression can also
occur at the aponeurosis of the FCU. Additionally,
repetitive microtrauma can lead to osteophyte formation
and hypertrophy of the sublime tubercle at the UCL
insertion, which can subsequently compress the nerve
[9]
at this site .
UN hypermobility leading to subluxation or dislocation
anteriorly over the medial epicondyle may also produce
[6,9]
symptoms . Subluxation of the UN typically occurs
[6]
during elbow flexion . Asymptomatic nerve dislocation

INTRODUCTION
Ulnar nerve (UN) injuries in the overhead athlete
often occur as a result of overuse of the arm during
throwing and may exist in isolation or in association
with other pathologic processes such as ulnar colla
[1-4]
teral ligament (UCL) insufficiency
. Because of
its course along the medial elbow, the UN can be
strained in the cubital tunnel (CT) secondary to the
extreme valgus stress experienced by the elbow during
[1,2]
throwing . Secondary causes of ulnar neuropathy
include a traction neuritis as a result of valgus stress,
osteophytes, compression caused by adhesions, flexor
muscle hypertrophy, or repetitive friction secondary to
[5]
subluxation of the nerve . As the second most common
entrapment neuropathy of the upper extremity, CT
syndrome (CTS) has even been reported in adolescent
[6,7]
baseball players in elementary and middle school .
Reconstruction of the UCL also places the UN at
[8]
risk. When Dr. Jobe et al first published his series of
UCL reconstructions with concomitant submuscular
UN transposition in 16 elite throwing athletes in 1986,
he reported postoperative UN complications in five
patients, of which, two required a subsequent surgery
for neurolysis. However, changes in surgical technique
including selective, subcutaneous transposition of the UN
have led to improved outcomes in UCL reconstruction
[5,9]
and fewer postoperative neurologic complications .

UN ANATOMY AND SITES OF
COMPRESSION
The UN begins in the anterior compartment of the upper
arm before entering the posterior compartment at the
arcade of Struthers. At the elbow, the nerve resides in
the CT just posterior to the medial epicondyle and exits
the CT between the dual heads of the flexor carpi ulnaris
muscle (FCU) and into the anterior compartment of the
forearm (Figure 1). Nerve compression may occur at
numerous sites throughout its course. Additionally, the
UN is susceptible to the “double crush” phenomenon,
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has been reported in 16% of individuals . Chronic
friction as a result of repeated subluxations of the UN
in overhead athletes may lead to inflammation and
[16]
neuropathy .
The valgus stress experienced by the elbow during
overhead throwing may also lead to traction neuropathy
of the UN. During late-cocking and early acceleration,
the valgus force at the elbow has been estimated to be
well over 60 N*m with compressive forces exceeding
[17]
500 N at the radiocapitellar joint . This valgus stress,
in combination with elbow extension, results in a tensile
stress across structures of the medial elbow including the
[5]
UCL and UN . Repetitive microtrauma to the UCL can
[5]
eventually lead to attenuation or failure of the ligament .
The laxity caused by UCL insufficiency may permit
increased medial soft tissue stretching that predisposes
[5]
[18]
these athletes to ulnar neuritis . Aoki et al
found
that the maximum strain during the acceleration phase
of throwing may lead to nerve injury and compromise
its vascular supply. The resultant decreased circulation
to the nerve during overhead throwing may be an
important factor contributing to ulnar neuropathy.
Additionally, traction on the UN that occurs when
the extended elbow is flexed may contributed to nerve
[10]
injury . An additional 5.1 mm of UN excursion has been
[19]
reported as the elbow moves from 10 to 90 degrees .
This longitudinal traction may compromise neural
[10]
function and increase the likelihood of irritation .

evaluation in athletes with suspected UN compression
is essential. Valgus laxity should be assessed, and the
Moving Valgus Stress Test is one the more reliable exa
[5]
mination maneuvers for UCL insufficiency . Palpation
of the medial elbow may elicit UN tenderness in the
cubital tunnel and may be useful to identify coexisting
medial epicondylitis or UN subluxation out of the
condylar groove, especially as the elbow is flexed and
[9,10]
extended
. The examiner should ensure that any
patient with a subluxating UN does not also have a
[20]
snapping medial triceps . This generally presents as a
second “snap” that follows the nerve subluxation. Tinel’s
test involves tapping the nerve from distal to proximal,
and a positive test occurs when there is an unpleasant
sensation at a site along the course of the nerve,
[10]
especially if this recreates the patient’s symptoms .
In throwing athletes with suspected ulnar neuropathy,
special attention should be directed towards the
[9]
cubital tunnel . In addition, the elbow flexion test is a
provocative maneuver that can be used to reproduce
UN symptoms. To perform the elbow flexion test,
the elbow is flexed, while the forearm is supinated
[9]
and the wrist is extended for several minutes . The
elbow flexion test is positive if the UN symptoms are
[9]
aggravated in this position .
Distally, a full neurovascular examination should be
performed. Loss of static two-point discrimination when
compared to the contralateral hand, weakness in grip
strength, and weakness in pinch strength can all be
[7]
signs of ulnar neuropathy . Froment’s sign, in which the
patient grasps a piece of paper between the thumb and
index finger while resisting the examiner’s attempt to pull
the object from the patient’s hand, may be used to test
[10]
UN function . Weakness in the hand’s intrinsic muscles
may be subtle but often presents before changes in
[9]
forearm extrinsic weakness and grip strength .
Imaging should begin with elbow in multiple planes
[5]
(anteroposterior, lateral, and oblique views) . X-rays are
evaluated for osteophytes or degenerative changes that
may impinge on the UN as well as any previous bony
[9]
injury, loose bodies, or abnormal calcification . Magnetic
resonance imaging is often utilized to evaluate the soft
tissue structures of the elbow such as: The UN, UCL,
[9]
and possible space occupying lesions or bone spurs .
Electrophysiologic investigations may occasionally be useful
to confirm the diagnosis and the location of compression
[10]
in equivocal cases . Additionally, electrodiagnostic
testing may reveal a secondary compression site (“double
crush” phenomenon). Because these studies have a false
negative rate reported to be 10% or even higher, they
cannot be solely relied on to identify ulnar neuropathy in
[16]
the throwing athlete .

EVALUATNG OF THE UN IN THE
THROWING ATHLETE
The diagnosis of ulnar neuropathy in the overhead athlete
is predominantly based on history and exam. Early
symptoms may include diminished sensation, tingling,
or a burning type sensation in the small and ring fingers,
[5,9]
especially during or after throwing . Elbow flexion
[6]
may also exacerbate the patient’s symptoms . Athletes
may endorse pain along the medial elbow and limitation
[7]
of elbow extension despite prolonged periods of rest .
Motor symptoms including weakness or atrophy of the
intrinsic muscles of the hand are typically late findings
[9]
seen only in severe or chronic cases . Symptoms are
generally worsened by repetitive valgus stress, and
after several innings of throwing, pitchers may complain
[9]
of heaviness or clumsiness of the hands and fingers .
Patients who suffer from UN subluxation may report a
snapping or popping sensation at the medial elbow that
[9]
occurs with flexion, extension, or throwing .
Physical examination in the throwing athlete must
include the entire length of the UN. A thorough ass
essment of the cervical spine needs to be performed
to look for evidence of radiculopathy or degenerative
[9]
changes . Neural or vascular compression at the
thoracic outlet should also be ruled out. Afterwards, the
examiner can shift focus to the medial elbow. Elbow
instability as a result of UCL injury or insufficiency is an
[5]
important underlying cause of ulnar neuritis . Thus, UCL
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TREATMENT OF UN COMPRESSION
Conservative management

Initial management of ulnar neuropathy with conservative
treatment is appropriate for the overhead throwing
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athlete . Anti-inflammatory medications, cryotherapy,
and physical therapy are the mainstays of non-operative
[5]
treatment . The athlete should be instructed to avoid
[5]
throwing or any other activities that cause pain . The
elbow may be splinted, especially at night, for six weeks
to immobilize the UN, and the cubital tunnel may be
protected using an elbow pad to avoid pressure to
[9]
the region . Before returning to sport, deficiencies in
[9]
throwing mechanics must be identified and corrected .
A gradual interval-throwing program is initiated, and
a stretching program for the posterior capsule is often
[9]
indicated . Additionally, participation in a strengthtraining program focusing on dynamic elbow stabilizers is
[9]
an important part of rehabilitation . The athlete should
be followed clinically for progression of symptoms. For
patients who fail to demonstrate improvement following
a comprehensive course of conservative management,
surgical options may be considered.

found that 90% (9 of 10) of athletes with preoperative
symptoms of ulnar neuritis demonstrated resolution of
[25]
those symptoms postoperatively . Another study in high
school aged baseball players undergoing subcutaneous UN
transposition reported a 7% incidence of transient ulnar
neuropathy and 74% of these athletes were able to of
[26]
return to their previous level of sport for at least a year .
Although no studies have directly compared subcutaneous
and submuscular transposition of the UN, the reported rates
of postoperative complications appear to be lower in the
subcutaneous group.
More recently, many authors have recommended
[1,27-29]
against obligatory UN transposition
. In one study of
83 athletes who underwent UCL reconstruction without
nerve transposition, transient neurogenic symptoms
were reported in only 4 (5%) patients post-operatively,
[27]
and all resolved completely with non-operative care .
In this work, 20 (24%) patients had preoperative UN
[27]
symptoms . They hypothesized that not exposing or
[27]
dissecting the UN minimized the risk of nerve injury .
Other authors only consider transposition of if neurologic
[28,29]
[28]
symptoms are present preoperatively
. Koh et al and
[29]
Paletta et al both reported low rates of postoperative
UN complications (5% and 4%, respectively). Between
the two studies, only one patient required subsequent
[28]
UN transposition . A more recent systematic review
of 378 patients undergoing UCL reconstruction did not
[1]
support obligatory UN transposition . In this work, those
treated with routine nerve transposition demonstrated a
lower rate of “excellent” results (75% vs 89%) and were
twice as likely to demonstrate signs of postoperative
ulnar neuropathy compared with those treated without
[1]
transposition . However, some authors feel that in situ
decompression should not be used in the overhead
athlete because it fails to address the increased tension
[9]
experienced during the throwing motion .

Surgical management

Surgical options for ulnar neuropathy at the cubital
tunnel include in situ decompression, subcutaneous
anterior transposition, or in rare cases, submuscular
transposition. UN entrapment syndrome was initially
treated with submuscular anterior transposition, and
[21]
Del Pizzo et al demonstrated successful return to play
at 3 to 58 mo postoperatively in nine of fifteen (60%)
baseball players treated in this fashion. Similarly, the
original technique for UCL reconstruction described by
[8]
Dr. Jobe et al consisted of release of the flexor-pronator
mass from its insertion and concomitant UN submuscular
transposition. However, of the sixteen elite throwing
athletes included in the initial cohort, UN symptoms
[8]
persisted in five patients post-operatively . A follow-up
[22]
series by Conway et al
of 71 athletes (including the
sixteen athletes from the original study), who underwent
UCL reconstruction and concomitant submuscular nerve
transposition found postoperative ulnar neuropathy in
15 (21%) patients, and 9 of these patients went on to
require further decompression surgery. Subsequent
changes in surgical technique led to improved handling
of the nerve and alterative strategies that did not require
[9]
release of the flexor-pronator muscle origin .
[23]
Rettig and Ebben demonstrated excellent outcomes
with anterior subcutaneous UN transposition in twenty
athletes who had failed non-operative treatment. The
athletes were followed for an average of 19 mo posto
peratively, and 19 of 20 (95%) patients were asymptomatic
[23]
at that time . The patients returned to play at an average
[23]
[24]
of 12.6 wk . Similarly, Andrews and Timmerman
published their results on an anterior subcutaneous
transfer in eight professional athletes in 1995. They
reported postoperative ulnar neuropathy in only 11% of
cases, and seven of the athletes (88%) returned to their
[24]
previous level of play for a minimum of one year . Azar
[25]
et al reported only one case of postoperative transient
ulnar neuropathy in 91 throwing athletes following UCL
reconstruction and subcutaneous UN transposition. They
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AUTHORS’ PREFERRED TECHNIQUES
FOR ADDRESSING THE UN DURING UCL
RECONSTRUCTION
In patients without UN symptomatology, we do not
routinely expose, decompress, or transpose the UN during
UCL reconstruction. For the UCL reconstruction, we utilize
the docking technique for humeral fixation and a muscle
[30]
splitting approach to access the ligament . Because the
docking technique utilizes a socket on the humeral side,
the in situ nerve is at less risk for injury than it would be
when drilling full tunnels as described in the Modified Jobe
technique. Great care is taken throughout the procedure
to ensure that the course of the UN is well understood, and
the nerve is protected during every step, especially during
drilling. For patients with UN symptoms, we generally
decompress and subcutaneously transpose the nerve
during UCL reconstruction. Submuscular transposition is
generally reserved for rare cases that have failed a prior
subcutanetous transposition despite adequate proximal
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Distal

Ulnar nerve

Ulnar nerve

Fascial sling

Proximal

Medial epicondyle

Figure 2 Dissection of the ulnar nerve. The ulnar nerve is identified
proximal to the cubital tunnel and posterior to the medial intermuscular septum.
Dissection of the nerve begins proximally at the arcade of Struthers and is
continued distally to the two heads of the flexor carpi ulnaris muscle.

Figure 4 Anterior subcutaneous transposition of the ulnar nerve in
flexion. A band of medial intermuscular septum is used as a sling to hold the
nerve in place. One end of the band is excised beginning 8 cm proximal to the
medial epicondyle, and the other end is left attached to the medial epicondyle.
The strip is sutured onto the fascia overlying the flexor-pronator musculature.

Flexor/pronator tendon
Ulnar nerve

Ulnar nerve

Fascial sling

Medial epicondyle

Figure 3 Protection of ulnar nerve. The surgeon must be aware of the
anatomy of the ulnar nerve and protect it until the ulnar collateral ligament
reconstruction is complete.

Figure 5 Anterior subcutaneous transposition of the ulnar nerve in
extension. The inverted V-shaped sling prevents the nerve from falling behind
the medial epicondyle.

and distal decompression.
Subcutaneous transposition is accomplished using
[31]
the V-sling technique as of Tan et al . After identifying
the UN posterior to the intermuscular septum and
proximal to the cubital tunnel, it is carefully dissected
free proximally and distally (Figure 2). If transposition
is planned, we decompress the nerve at least 10 cm
proximally and 10 cm distally from the elbow joint. The
nerve is then protected until the UCL reconstruction is
complete (Figure 3). Following the UCL procedure, the
UN is transposed anterior to the medial epicondyle and
thoroughly inspected for any sites of compression such
as the medial triceps tendon proximally or the FCU fascia
distally. Further decompression is completed as needed.
Once it is completely free in the transposed position, a
thin slip of the medial intermuscular septum is harvested
to serve as a sling to hold it in place. This thin band is
excised form the septal fascia beginning 8 cm above the
epicondyle. It is dissected distally but is left attached at
its distal insertion on the medial epicondyle. The strip
is subsequently sutured to the flexor-pronator fascia
in an inverted V-shape, which prevents the nerve from
migrating behind the epicondyle (Figures 4 and 5).
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The postoperative rehabilitation protocol following
transposition of the UN with concomitant UCL recon
struction is determined by the reconstructive procedure
rather than the nerve decompression. In these cases
of UCL reconstruction, we place the patient in a split
post-operatively. The splint is replaced with a hinged
elbow brace one week following surgery. While wearing
the brace, elbow ROM is initially permitted from 30° to
90°, and this is advanced to 15° to 105° from weeks 3
to 5. At week 6, the brace is discontinued, and formal
physical therapy is initiated. From weeks 6 to 12, the
focus of PT is on elbow ROM, and shoulder and wrist
strength and ROM. This is advanced as tolerated.
th
Beginning at 16 week, a formal throwing program
is initiated if the patient has met all milestones up to
this point. Throwing begins at a distance of 45 feet on
flat ground and is slowly advanced as tolerated. If the
patient is able to throw 180 feet on flat ground without
pain at the 7- to 9-mo mark, throwing from the mound
is permitted. This is slowly advanced over the next 3
mo with the goal of returning the athlete to competitive
pitching from a mound between 12 and 18 mo.
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CONCLUSION
Recent trends in the treatment of UN injuries in the
overhead athlete favor reserving nerve decompression
and transposition for instances in which there are
[1,27-29]
appreciable UN symptoms present prior to surgery
.
In cases of isolated ulnar neuropathy in athletes, in situ
decompression or subcutaneous anterior transposition
appear to have more favorable outcomes than
submuscular transposition although the techniques have
not yet been compared head to head. As the surgical
approach for UCL reconstructions has evolved from
flexor-pronator detachment to a more tissue friendly
muscle-splitting approach, patients with UN symptoms
who are undergoing UCL reconstruction are better suited
with in situ decompression or subcutaneous transposition
rather than submuscular transposition. These changes
have led to fewer postoperative UN complications and
improved outcomes in these high-demand athletes.
Because the UN lies in close proximity to the operative
field during the UCL reconstruction, the surgeon must
take great care to protect it throughout the duration
of the case. Obtaining a diligent history, performing a
detailed physical exam, and proper surgical technique
are all critical steps needed to successfully treat throwing
athletes with UN symptoms. When appropriate steps are
followed, the vast majority of athletes can be expected to
return to competitive sports.
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Posterior ankle impingement syndrome (PAIS) is a
common injury in athletes engaging in repetitive plan
tarflexion, particularly ballet dancers and soccer players.
Despite the increase in popularity of the posterior twoportal hindfoot approach, concerns with the technique
remain, including; the technical difficulty, relatively steep
learning curve, and difficulty performing simultaneous
anterior ankle arthroscopy. The purpose of the current
literature review is to provide comprehensive knowledge
about PAIS, and to describe a systematic four-stage
approach of the posterior two-portal arthroscopy. The
etiology, clinical presentation, diagnostic strategies are
first introduced followed by options in conservative and
surgical management. A detailed systematic approach
to posterior hindfoot arthroscopy is then described.
This technique allows for systematic review of the
anatomic structures and treatment of the bony and/
or soft tissue lesions in four regions of interest in the
hindfoot (superolateral, superomedial, inferomedial,
and inferolateral). The review then discusses biological
adjuncts and postoperative rehabilitation and ends with
a discussion on the most recent clinical outcomes after
posterior hindfoot arthroscopy for PAIS. Although clinical
evidence suggests high success rates following posterior
hindfoot arthroscopy in the short- and mid-term it may
be limited in the pathology that can be addressed due to
the technical skills required, but the systematic four-stage
approach of the posterior two-portal arthroscopy may
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improve upon this problem.

Table 1 Posterior ankle impingement syndrome pathology

Key words: Posterior ankle impingement syndrome;
Arthroscopy; Endoscopy; Review; Os trigonum

Osseus lesions
Stieda process
Os trigonum
Osteophytes
Osteochondral lesion
Loose bodies
Chondromatosis
Subtalar coalition

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A systematic four-stage approach was developed
to standardize technical variety of posterior two-portal
hindfoot arthroscopy for the treatment of posterior ankle
impingement syndrome (PAIS). After making two-portals
using the “nick and spread” technique, hindfoot strictures
are divided into 4 regions of interest (superolateral,
superomedial, inferomedial, and inferolateral) based on
the intermalleolar ligament. In each region, anatomical
structures are systematically reviewed and treated in
regards to the presence of mechanical impingement and
inflammation. Clinical evidence suggests high success
rates following arthroscopic approach in short- and midterm follow-up. This technique can help the surgeons
optimize the outcomes following two-portal hindfoot
arthroscopy for PAIS.

an up-to date assessment of the clinical evidence for
the treatment of PAIS and describes a systematic fourstage approach of the posterior two-portal hindfoot
arthroscopy.

ETILOGY
PAIS pathology can be due to both osseous and/or
[10]
soft tissue lesions and anatomic variants (Table 1) .
Osseous lesions include a Stieda process (elongated pro
[10]
tuberance) , pathological os trigonum (non-fused ossicle
[11]
found in up to 25% of the normal adult population) ,
osteophytes, osteochondral lesion (OCL), loose bodies,
chondromatosis, and subtalar coalition. In soft tissue
lesions, flexor hallux longus (FHL) tenosynovitis, synovitis,
impingement of the joint capsule, and impingement of the
[12]
anomalous muscles are described.

Yasui Y, Hannon CP, Hurley E, Kennedy JG. Posterior ankle
impingement syndrome: A systematic four-stage approach. World
J Orthop 2016; 7(10): 657-663 Available from: URL: http://
www.wjgnet.com/2218-5836/full/v7/i10/657.htm DOI: http://
dx.doi.org/10.5312/wjo.v7.i10.657

CLINICAL PRESENTATION AND
DIAGNOSIS

INTRODUCTION

PAIS is characterized by deep posterior ankle pain caused
[13]
by plantar flexion of the ankle joint . Pain is described
as consistent, sharp, dull and radiating, however, it is
usually hard for patients to indicate the exact location
of the pain in the hindfoot. It is most commonly seen in
athletes who participate in sports that require repetitive
plantar flexion such as ballet dancers, soccer players,
[14]
and downhill runners . In these athletes PAIS may
present acutely after a forced plantar flexion injury or
chronically due to overuse. After an acute injury, patients
have a robust inflammatory response leading to pain and
swelling that manifests in the hindfoot 3-4 wk after the
injury. More commonly, PAIS develops over time in these
athletes because repetitive flexion causes increased
compression and forces on the anatomic structures
between the calcaneus and the posterior part of the distal
tibia. In these athletes who present with chronic hindfoot
pain, the clinician must have a heightened suspicion for
PAIS as these symptoms may mimic posterior capsulitis
and rheumatoid arthritis. Clinically, it is less common to
see PAIS in the non-athletic population or athletes who
perform plantar flexion of ankle joint less frequently. In
patients who present with chronic hindfoot pain and do
not engage in activities with repetitive flexion, anatomic
variants may be implicated in the development of PAIS.
A full history and physical examination is critical in the

Posterior ankle impingement syndrome (PAIS) is a
spectrum of clinical disorders characterized by posterior
[1]
ankle pain during plantar flexion or hyper flexion . PAIS
has become more commonly recognized, particularly
[2-4]
in athletes because of heightened awareness
and
[5-7]
more advanced imaging . Conservative treatment
may be indicated in the early stage of PAIS, however;
approximately 40% patients eventually require surgical
intervention due to intractable hindfoot pain.
The traditional open surgical treatment of PAIS through
a lateral or medial approach has had good results, however
[8]
complication rates are high . Since its introduction in
[1]
2000 , the posterior two portal hindfoot approach has
been adopted by many surgeons for treatment of PAIS.
[9]
Recently, a systematic review by Zwiers et al highlighted
the advantages of the endoscopic approach over the
open approach including lower complication rates, shorter
recovery time, less blood loss, less postoperative pain, and
comparable functional outcomes. However, concerns with
the technique remain; including the technical difficulty,
relatively steep learning curve, and difficulty performing
[3]
simultaneous anterior ankle arthroscopy .
This review discusses the etiology of PAIS, the
spectrum of clinical disorders it encompasses, its clinical
presentation and management. The review provides
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Soft tissue lesions
Flexor hallux longus tenosynovitis
Synovitis
Impingement of the joint capsule
Impingement of the anomalous muscles
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diagnosis of PAIS. Physical examination should include a
complete neurovascular examination as well strength and
range of motion assessment. Hindfoot pain aggravated
by plantar flexion of the ankle indicates a positive plantar
flexion test. A negative plantar flexion test makes a
diagnosis of PAIS significantly less likely, but no studies
have reported on the specificity or sensitivity of the
plantar flexion test in the diagnosis of PAIS. Patients may
also be tender over the posteromedial (PM) aspect of the
ankle joint. The clinician must pay special attention to the
exact location of tenderness, as pain over the posterior
tibial tendon may indicate posterior tibial tendon
tenosynovitis or dysfunction and not PAIS. To further
clarify the location of the pain, the clinician may passively
flex and extend the great toe. If the patient is tender
during passive or active ROM, it may indicate pathology
involving the FHL tendon. A neurologic examination
should be performed to exclude tarsal tunnel syndrome,
[15]
as the pain may be caused by Valleix’s sign .
[6]
Standard plain X-rays , computed tomography (CT),
and magnetic resonance imaging (MRI) are useful for
[7]
diagnosis and preoperative planning . In standard plain
X-rays, anteroposterior (AP), mortise, and lateral views
of ankle joint are commonly used. The lateral view is the
most useful view to observe osseous lesions of hindfoot
(e.g., Stieda process, os trigonum, osteophytes, loose
bodies, chondromatosis, subtalar coalition). Recently,
the posterior impingement (PIM) view has been reco
mmended instead of a conventional lateral view for
symptomatic hindfoot pain. The PIM view is a lateral,
25-degree external rotation, oblique view of the ankle,
which has shown significant superior diagnostic accuracy
compared with the lateral view in the detection of os
[16]
trigonum .
Compared with radiographs, multi-slice helical CT is
more useful to evaluate osseous pathologies. CT provides
fine detail regarding the size, location, and number
[17]
of anatomical bony abnormalities . Many surgeons
prefer CT to examine the osteophyte of the tibia that
[18]
sometimes co-exists with PAIS and thus often use it to
determine whether the anterior or posterior scope would
[18]
be performed .
MRI is more useful to evaluate soft tissue lesions
of the ankle. Of note, the presence and location of
anomalous muscles should be evaluated. These ano
malous muscles cause PAIS, but also increase the
[12]
difficulty of operative treatment . The peroneus quartus
is the most commonly reported anomalous muscle,
with between 7% and 22% of the population having
them, other anomalous muscles such as flexor digitorum
accessorius longus only occur in between 1% and 8% of
[12]
the population .
After the positive plantar flexion test is elicited, the
authors prefer to evaluate the condition of the hindfoot
structures using standard plain X-ray and MRI. Then,
we perform an ultrasound diagnostic injection using a
local anesthetic to confirm the diagnosis (Figure 1).
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TREATMENT
Conservative treatment

Conservative treatment includes rest, modification of
activity, physiotherapy, anti-inflammatory drugs, and
[19]
ultrasound-guided injections . Ultrasound-guided
injections may be useful in high-level athletes to allow
[20]
them to finish the season . Although no substantial
evidence has published the success rate with conservative
[19]
treatment , a small cohort study reported approximately
60% success rates following conservative treatment in
[21]
PAIS .

Surgical indications

Surgical management is indicated for patients following
failure to address symptoms after 3 mo of conservative
treatment. However, if athletic patients want to return
to athletic activity promptly, then surgical intervention
can be recommended early in the treatment process.
Options include open treatment or arthroscopic inter
[3,22,23]
vention
. The advantages of arthroscopic procedures
for PAIS are that they are less invasive, have a lower
risk of postoperative complications, and shorter re
covery time for returning to full activity. However, the
technical difficulty and relatively steep learning curve
[3]
are disadvantages . Additionally, it is difficult to perform
simultaneous treatments for anterior ankle pathologies
using a posterior two-portal approach, while subtalar
arthroscopy or conventional ankle arthroscopy with
[24]
posterolateral (PL) portal are more available .
For patients who have isolated PAIS, the authors
utilize posterior hindfoot arthroscopy. For patients
who require operative intervention for both PAIS and
ankle anterior pathologies (e.g., anterior impingement
syndrome, anterior OCL, degenerative ankle arthritis),
the authors prefer to treat anterior pathologies in the
supine position with traditional anterior arthroscopic
portals, then, switch to the prone position for posterior
hindfoot arthroscopy.

Posterior hindfoot arthroscopy - a systematic four-stage
approach[9]

The senior author (John G Kennedy) uses the original
posterior two-portal technique, similar to the 21-point
systematic surgical approach in anterior ankle arthro
[25]
scopic surgery . The senior author utilizes a systematic
four-stage approach for posterior hindfoot arthroscopy
beginning with a systematic evaluation of the anatomical
structures and subsequent operative treatment for path
ological abnormalities.

Equipment

Typical arthroscopy equipment used in anterior ankle
arthroscopy is required for posterior hindfoot arthroscopy.
A 2.7/4.0 mm arthroscope with 30/70 degree viewing
angle, a 3.5/4.5 mm shaver for soft tissue debridement,
a 4.0 mm aggressive shaver or burr for bony resection,
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AT

Figure 1 Untrosound guided diagnostic injection.
AT: Achilles tendon; FHL: Flexor hallucis longus
tendon; T.N: Tibial nerve.

T.N

FHL

Os trigonum

Needle

The portal sites are 1.0 mm anterior to the borders of
Achilles tendon and at the level between the horizontal
lines running from the inferior poles of MM and tip of
LM (Figure 2). The sural nerve can be palpated and its
course marked to avoid iatrogenic nerve injury.
Establishing portals: After all anatomic landmarks
and portal sites have been identified and marked, a #11
blade should be used to make 1 cm vertical incisions
at the labeled portal sites for the PM and PL portals.
Then, subcutaneous blunt dissection using a mosquito
clamp is performed via both portals. At this time, care
must be taken to avoid damage to the sural nerve.
The “nick and spread” technique is important to avoid
sural neurovascular damages. A 2.7-mm arthroscope
sleeve with trocar is carefully advanced via a PL portal
to touch the posterior aspect of the talus by directing it
towards the first interdigital web space. All instruments
should be directed towards first interdigital web space
to prevent iatrogenic neurovascular bundle injury in the
hindfoot. Once the bone can be palpated with the trocar,
it is switched out for a 2.7-mm arthroscope.

Figure 2 The posterolateral and posteromedial arthroscopic portals.

osteotomy, and fluoroscopy (optional) are used. Sizes
of arthroscopes can be selected depending on the surgeon’s
preference. A thigh tourniquet is necessary to obtain
good visualization of hindfoot anatomical structures.
Additionally, an irrigation system is useful. The fluid
pressure is usually set to 50-60 mmHg, and fluid flow
is 0.5 L/min. Although dorsiflexion of hindfoot is usually
applied for providing good visualization of the ankle
and subtalar joints, a non-invasive distractor is may be
applied to assist with visualization.

Patient position

Creating working space: Initial visualization is poor
because of the fat tissue located behind the posterior
aspect of talus. After the shaver blade is confirmed in
arthroscopic view, soft tissue is debrided to expose the
intermalleolar (IM) ligament using a 3.5 or 4.0 mm
aggressive shaver. The shaver blade must always be
maneuvered very gently under arthroscopic visualization
to avoid iatrogenic injury to healthy tissue.

Technique

Systematic four-stage approach to visualization
of the hindfoot: The systematic approach in posterior
ankle arthroscopy allows for a full assessment of all
structures at the posterior ankle and subtalar joint
(Figure 3). The anatomic landmark for defining the
quadrants is the IM ligament that has been well de
[26,27]
scribed previously
based on the IM ligament,
the hindfoot structures are divided into 4 regions of
interest (superolateral, superomedial, inferomedial, and
inferolateral). The authors prefer to start the inspection
from the superolateral quadrant and then proceed to
the other regions in a counterclockwise fashion for right
ankles and a clockwise fashion for left ankles.

The patient should be positioned in the prone or sloppy
lateral position. The senior authors have found that
general or spinal anesthesias with a regional block are
most effective. The operative foot should be elevated
using a support or cushion placed underneath the lower
leg, so that the leg is raised approximately 15 cm above
the contralateral leg. This position can prevent contact
of the arthroscope or instruments with the contralateral
side in the operative procedure.

Marking anatomical landmarks and portal sites:
In posterior hindfoot arthroscopy, a PL and PM portal
are most commonly utilized. Prior to incision, landmarks
including lateral malleoli (LM), medial malleoli (MM)
and Achilles tendon should be marked using a sterile
surgical marker. Portal sites should then be marked out.
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Superomedial

1

2

Superolateral

3

4
5b
9

the posterior talofibular ligament.
Once those osseous structures are removed, the
arthroscope is advanced into the fibro-osseous tunnel,
which allows full visualization of the FHL tendon. Any
pathology restricting smooth passive movement of
the FHL tendon in the fibro-osseous tunnel such as
vincula, nodules, or cicatrization should be debrided and
removed.
The PTFL and the calcaneofibular ligament (CFL)
are found in this region. The PTFL may be thickened
and hypertrophied, requiring debridement. In the case
of an ankle history of chronic lateral ankle instability,
attenuation or scarring of the CFL may be found. Any
tenosynovitis or identified impingement should be
debrided.

8

6
5a
7

11
10

Inferomedial

Interolateral

Figure 3 Hindfoot extra-articular structures divided into quadrants as
defined by the intermalleolar ligament. (1) Fibula, (2) tibia, (3) posterior-inferior
tibiofibular ligament (transverse ligament), (4) flexor hallucis longus tendon,
(5a) intermalleolar ligament, (5b) superior tibial insertion of the intermalleolar
ligament, (6) tibiotalar joint, (7) subtalar joint, (8) posterolateral talar process,
(9) flexor hallucis longus retinaculum, (10) calcaneofibular ligament, and (11)
posterior talofibular ligament. Illustration is a copyright of and reproduced with
permission from Kennedy JG, MD. Reproduction without express written consent
is prohibited.

Intra-articular inspection of the talocrural and
subtalar joints: The talocrural joint and subtalar
joint are inspected following visualization of all four
quadrants of the hindfoot. Both joints can be visualized
using same standard portals. Ankle dorsiflexion can
allow full visualization of joint surfaces, however, soft
tissue distractors are sometimes used to obtain better
[29]
visualization . Any pathology detected including OCLs,
synovitis, osteophytes, and hypertrophic capsule should
be addressed. For OCLs, the authors recommend bone
marrow stimulation using a microfracture pic or drilling
to produce fibrocartilage repair tissue.

This quadrant contains the posterior inferior tibio
fibular ligament, transverse ligament, and IM ligament.
[8,27]
The IM ligament may be associated with PIM
. During
inspection of the superolateral quadrant, the ankle
should be passively plantarflexed to see if any of these
[26]
ligaments are impinged under direct visualization . If
impingement is present, the related structures should be
debrided using a shaver or punch.
The FHL tendon and its associated fibro-osseous tunnel
are found in this quadrant. Of note, the neurovascular
bundle lies just medial to FHL tendon. It is therefore
essential that any instruments should be maneuvered
in the area lateral to FHL tendon. Additionally, surgeons
should evaluate if the anomalous muscles particularly
[13]
the peroneous qaurtus are present . It is sometime
difficult to expose the FHL tendon because of soft tissue
cicatrization. In these cases, moving (passive flexion/
extension) the great toe may help surgeons identify the
FHL tendon.
Tenosynovitis around FHL tendon is a typical finding
[8,28]
in patients with hindfoot pain (63% to 85%)
. By
moving the great toe, impingement of the tendon in its
sheath can be identified and resected using a 4.5-mm
shaver. A low-lying muscle of FHL can be found, which
may cause impingement between the associated bony or
soft tissues. Any tenosynovitis or identified impingement
should be debrided.
A Stieda process or separate os trigonum can be
observed in this region. These bony structures are
removed using osteotomes or shaver, with care taken to
avoid causing iatrogenic cartilage lesions in the subtalar
joint. The scope and shaver are switched in order to
gain optimal access to achieve adequate debridement.
The posterior talofibular ligament (PTFL) that attaches
to these structures may need to be released, however
the authors prefer to preserve as much as possible of
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Biologics

Biologics including platelet-rich plasma (PRP) and con
centrated bone marrow aspirate (CBMA) may be used
at the time of the surgery. These biologic augments are
becoming recognized as promising adjuvants that may
improve the quality of regenerative tissue and decrease
[30]
inflammatory responses . For PAIS, PRP and CBMA
are injected into the degenerative tendon or bed of the
lesion after irrigation water is stopped. The authors also
recommend injecting these biological adjuvants into the
joint after the wound is closed to limit the inflammatory
response.

Postoperative rehabilitation

A compression bandage is applied after surgery and
patients are allowed to be weightbearing as tolerated
immediately after surgery. Patients may also begin
ranging their ankle as tolerated. The goal of early ROM
and weightbearing is to prevent post-operative stiffness
[13,30]
and hopefully limit the delay in return to sport
.
Typically, ankle immobilization is not necessary, unless
patients had more significant osseous injury, which may
require modifications of the above protocol.

Clinical outcomes following posterior hindfoot
arthroscopy

Several clinical studies have reported good short-term
clinical results following posterior two-portal hindfoot
[28,29,31-41]
arthroscopy for PAIS (Table 2)
. A majority
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Table 2 Reported clinical outcomes following hindfoot arthroscopy
Ref.

Year

No. of cases (n )

LoE

Follow-up (mo)

Primary outcome
measure

Pre-operative
score

Post-operative
score

Return to
sport (wk)

Jerosch et al[32]
Tey et al[33]
Horibe et al[34]
Scholten et al[28]
Willits et al[31]
Calder et al[35]
Noguchi et al[36]
Galla et al[37]
Ogut et al[38]
Nikisch et al[39]
van Dijk et al[29]
Lopez-Valerio et al[40]
Dinato et al[41]

2006
2007
2008
2008
2008
2010
2010
2011
2011
2012
2009
2015
2015

10
15
11
55
16
27
12
30
14
80
55
20
17
15

IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
III

28 (6-61)
3 (15-63)
33.8 (12-58)
38 (24-54)
3 (6-74)
23 (15-49)
9.7 (6-14)
9.7 (6-14)
31.6 (8-75)
15.4 (5-59)
90 (24-480)
78.6 (24-120)
N/A

AOFAS
AOFAS
AOFAS
AOFAS
AOFAS
N/A
AOFAS
AOFAS
AOFAS
N/A
AOFAS
VAS
AOFAS

43
84.4
71
71.1
N/A
N/A
68
60
53.6
N/A
75
7.5
62.9
67.9

87
98.5
99
90
91
N/A
98.3
90
84.2
N/A
90
0.8
92.3
94

12
14.1
12
18.9
63
5.9
5.9
N/A
30.6
N/A
N/A
6.7
15.6
16.3

AOFAS: American Orthopedic Foot and Ankle Society (AOFAS) Score; VAS: Visual Analogue Scale; N/A: Not applicable.

of studies have reported post-operative American
Orthopaedic Foot and Ankle Society (AOFAS) Scores
[28,29,31-34,36,37,39,41]
greater than 85
at short-term follow-up. A
[9]
recent systematic review by Zwiers et al demonstrated
that the mean time to return to full activity was on average
11.3 wk (5.9-12.9 wk) following arthroscopic treatment.
Complication rates after posterior hindfoot arthroscopy
were also low with 1.8% of patients suffering a major
complication and 5.4% of patients suffering a minor
[9]
complication . However, the current literature is limited by
long-term follow-up studies evaluating the outcomes after
posterior hindfoot arthroscopy for PAIS.

4
5
6

7

CONCLUSION

8

PAIS is a clinical spectrum of both soft tissue and
osseous pathology that is common in athletes who
repetitively plantar flex their ankle. Patients who do
not respond to conservative management may require
operative intervention. While open treatments have
showed good success in the short-term for PAIS,
posterior hindfoot arthroscopy may lead to equivalent
outcomes with less morbidity. Performing two-portal
hindfoot arthroscopy in the described systematic fourstage approach allows for standardized evaluation of
the anatomic structures of the hindfoot and ultimately
to address any pathology that may be present. Clinical
outcomes after posterior hindfoot arthroscopy for PAIS
are very good in the short-term with low complication
rates, however future long-term studies are warranted.

9

10
11
12

13
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Abstract

Institutional review board statement: The study was reviewed
and approved for publication by our Institutional Reviewer.

AIM
To evaluate the effect of body mass index (BMI) on
short-term functional outcome and complications in
primary total knee arthroplasty.

Informed consent statement: All study participants provided
informed written consent about personal and medical data
collection prior to enrolment.

METHODS
All patients undergoing primary total knee arthroplasty at
a single institution between 2007 and 2013 were identified
from a prospective arthroplasty database. 2180 patients
were included in the study. Age, gender, BMI, pre- and
post-operative functional scores [Western Ontario and
McMaster University Arthritis Index (WOMAC) and SF-36],
complications and revision rate were recorded. Patients
were grouped according to the WHO BMI classification.
The functional outcome of the normal weight cohort
(BMI < 25) was compared to the overweight and obese
(BMI ≥ 25) cohort. A separate sub-group analysis was
performed comparing all five WHO BMI groups; Normal
weight, overweight, class 1 obese, class 2 obese and class
3 obese.
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RESULTS
With a mean age of 67.89 (28-92), 2180 primary total
knee replacements were included. 64.36% (1403) were
female. The mean BMI was 31.86 (18-52). Ninty-three
percent of patients were either overweight or obese. Mean
follow-up 19.33 mo (6-60 mo). There was no significant
difference in pre or post-operative WOMAC score in the
normal weight (BMI < 25) cohort compared to patients
with a BMI ≥ 25 (P > 0.05). Sub-group analysis revealed
significantly worse WOMAC scores in class 2 obese 30.80
compared to overweight 25.80 (P < 0.01) and class 1
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obese 25.50 (P < 0.01). Similarly, there were significantly
worse SF-36 scores in class 2 obese 58.16 compared to
overweight 63.93 (P < 0.01) and class 1 obese 63.65 (P
< 0.01) There were 32 (1.47%) superficial infections, 9
(0.41%) deep infections and 19 (0.87%) revisions overall
with no complications or revisions in the normal weight
cohort (BMI < 25).

Obesity has a number of implications for surgery
in general, but in particular for elective surgery such
as TKA. Obesity is an independent risk factor for a
number of perioperative complications including acute
coronary syndrome, wound infection and urinary tract
[5]
infection . The outcome of obese patients that undergo
TKA as compared to non-obese patients is of particular
interest. Currently the evidence is unclear with some
studies indicating that obese patients achieve inferior
[6]
outcomes with others showing equivalent functional
[7,8]
outcome .
The aim of this study was to assess the effect of body
mass index (BMI) on functional outcome in primary
total knee arthroplasty.

CONCLUSION
Post-operative functional outcome was not influenced
by BMI comparing normal weight individuals with
BMI > 25. Patients should not be denied total knee
arthroplasty based solely on weight alone.
Key words: Total knee replacement; Body mass index;
Total knee arthroplasty

MATERIALS AND METHODS

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients that underwent primary total replacement were
identified from a prospectively collected joint registry
at a single institution. Ethical approval was obtained for
the establishment of the joint registry and for on going
research. The joint registry is maintained by a full time
clinical nurse specialist and all demographic and clinical
information for each arthroplasty procedure performed
at the institution is prospectively anonymously recorded.
Two thousand one hundred and eighty patients were
identified during the period 2007-2013. Demographic
data including age and gender were collated for each
patient. Body mass index (BMI) was calculated for
each patient at pre-operative assessment using the
standardised formula; weight in kilograms squared,
divided by height in metres squared. Functional outcome
scores, the Western Ontario and McMaster University
Arthritis Index (WOMAC) and the Short Form 36 (SF-36)
were collected pre-operatively and 6 mo post operatively.
Complications including revision, superficial and deep
infection, deep venous thrombosis (DVT) and pulmonary
embolism (PE) were recorded prospectively in the
postoperative period.
Patients were divided into two comparative groups
for the purpose of the study, those with a normal BMI
(less than or equal to 25) Group 1 and those who
were overweight or obese (greater than 25) Group 2
[9]
according to the WHO BMI classification . A separate
sub-group analysis was performed comparing all five
WHO BMI groups; Normal weight, overweight, class 1
obese, class 2 obese and class 3 obese.
The Primary outcomes assessed were pre-operative
and six-month post-operative WOMAC and the SF-36
scores. The WOMAC score is a validated self-administered
questionnaire that assesses the condition of patients with
hip and knee arthritis. It has a scale of 0 to 100, with a
higher score equalling more pain, stiffness and functional
[10]
limitation . The SF-36 is also a self-administered
questionnaire that assesses quality of life. It has a scale
of 0 to 100, with a higher score equating to a greater
[11]
quality of life . Secondary outcomes assessed included

Core tip: We assessed the effect of body mass index
(BMI) on short-term functional outcome of 2180 patients
that underwent primary total knee arthroplasty at a
single institution. Functional outcome was assessed using
the Western Ontario and McMaster University Arthritis
Index and SF-36 outcome tools. Patients were stratified
according to BMI using the WHO classification and results
compared. We found no statistical difference in our
primary outcome measure, functional outcome of normal
weight individuals compared to those with a BMI greater
than 25.
O’Neill SC, Butler JS, Daly A, Lui DF, Kenny P. Effect of
body mass index on functional outcome in primary total knee
arthroplasty - a single institution analysis of 2180 primary
total knee replacements. World J Orthop 2016; 7(10): 664-669
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v7/i10/664.htm DOI: http://dx.doi.org/10.5312/wjo.v7.i10.664

INTRODUCTION
Total knee arthroplasty (TKA) is an effective surgical
treatment of osteoarthritis of the knee, with 700000
procedures performed in the United States annually
with the demand for TKA projected to increase 673% by
[1]
2030 . Occurring in tandem with this increase in demand
is the exponential increase in obesity in society. Currently
in Ireland, 36% of the population are overweight and
14% obese and this is estimated to increase further in
[2]
the future . It is well established that obesity confers
an increased risk for a number of medical conditions
[3]
including ischaemic heart disease, diabetes and stroke .
It has also been shown that obesity increases the risk of
development of osteoarthritis, particularly in the knee,
which has potential implications for the demand for TKA
[4]
in the future .
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Figure 1 Distribution of patients according to
World Health Organization body mass index
classification. BMI: Body mass index.
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Table 1 World Health Organization body mass index classification

> 40
Class 3 obese

Table 2 Pre- and post-operative functional outcome scores
Group 1 (BMI Group 2 (BMI
< 25)
> 25)

WHO BMI classification
Underweight
Normal range
Overweight
Obese
Class 1 obese
Class 2 obese
Class 3 obese

< 18.5
18.5-25
≥ 25
≥ 30
30-34.9
35-39.9
≥ 40

WOMAC scores
Pre-operative
6 mo post-operative
SF-36 Scores
Pre-operative
6 mo post-operative

WTO: World Health Organization; BMI: Body mass index.

53.7 (3-96)
27 (1-95)

48.8 (10.4-90.6) 48.25 (3.3-94.6)
61.34 (1-83)
62.15 (7.3-99.4)

P = 0.5
P = 0.075
P = 0.83
P = 0.7

WOMAC: Western Ontario and McMaster University Arthritis Index;
BMI: Body mass index.

complications revision, superficial and deep infection,
DVT and PE.

a range of 6 mo to 5 years. The distribution according
to BMI group is shown in Figure 1. The mean BMI was
31.9 (18-52) with 63% obese, 30% overweight and
7% normal weight. The two comparative study groups
consisted of Group 1 (n = 162 patients) and Group 2 (n
= 2018 patients).

Statistical analysis

Statistical analysis was performed using STATA Version
©
12.1. All data was collated on a Microsoft Excel
(Microsoft Corporation, Seattle WA, United States)
spreadsheet. Results were analyzed and are presented
as mean, percentage and standard deviation for each
BMI group according to the WHO classification as
appropriate. Statistical significance between the main
study groups (normal weight BMI < 25 vs BMI > 25)
was assessed using the student t test, with significance
set at P < 0.05.
Further sub-group analysis was performed comparing
each of the WHO BMI sub-groups. Initially a One-way
ANOVA analysis was performed to assess any difference
between the groups. Further post-hoc Tukey HSD
(honest significance test) analysis was then performed,
comparing each of the sub-groups with significance set
at P < 0.05. Statistical analysis was performed by Shane
O’Neill MD.

Functional outcome

There was no significant difference in the pre-op WOMAC
scores between Group 1; 52.7 (1-84) and Group 2;
53.7 (3-96) (P = 0.5). Similarly, there was no significant
difference in the post op scores between the two groups,
29.7 (1-83) and 27 (1-95) (P = 0.075) respectively.
There was no significant difference in either the preoperative (P = 0.83) or post-operative (P = 0.7) SF-36
scores. The complete functional outcome scores are
presented in Tables 1 and 2.

Sub-group analysis

Table 3 outlines 6-mo post operative functional scores
arranged by WHO BMI sub-group in tabular format.
WOMAC: Initial One-way ANOVA analysis of the sixmonth post operative WOMAC scores between the
5 groups revealed a P-value < 0.01, suggesting a
significant difference between one or more groups.
Further post-hoc Tukey HSD testing revealed significant
differences in the 6 mo postoperative WOMAC scores

RESULTS
A total of 2180 primary total knee replacements were
performed at the institution between 2007 and 2013.
The mean age was 67.9 years (28-92), with 36% Male
and 64% Female. The mean follow up was 19.3 mo, with
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Table 3 Sub-group analysis of post-operative functional outcome scores

WOMAC scores
6 mo post-operative
SF-36 Scores
6 mo post-operative

BMI < 25

BMI 25-29

BMI 30-34

BMI 35-39

BMI > 40

Normal

Overweight

Class 1 obese

Class 2 obese

Class 3 obese

29.67

25.8

25.5

30.8

28.6

61.34

63.93

63.65

58.16

58.47

WOMAC: Western Ontario and McMaster University Arthritis Index; BMI: Body mass index.

comparing BMI 25-29 (overweight) 25.80 vs BMI 35-39
(class 2 obese) 30.80 (P < 0.01) and BMI 30-34 (class
1 obese) 25.50 vs BMI 35-39 (class 2 obese) 30.80
(P < 0.01). There was no significant difference in post
operative WOMAC scores in the other BMI subgroup
analysis.

BMI of patients undergoing TKA in the United Kingdom
[13]
is now 30.8 (Class 1 obese) . This underlines the
significant burden that this increase in BMI will place on
orthopaedic services now and in the future.
The principle finding in this study of equivalent
functional outcome comparing normal weight BMI < 25
individuals with BMI > 25 is in keeping with a recent
study of 13673 primary total knee replacements by
[14]
Baker et al
using NJR data. They found that the
improvement of patient reported outcomes (PROMs)
were similar irrespective of BMI. Similarly, Desmukh
[15]
et al revealed no correlation with BMI and functional
outcome at 1 year. However, a consensus has yet to
be reached in the literature, as there is also evidence
that increasing BMI, particularly greater than 40 results
[16]
in inferior clinical outcomes. Collins et al
reviewed
445 total knee replacements and found inferior clinical
outcome scores in individuals with a BMI greater than
30 at 9 years follow up. Interestingly, although obese
patients achieved lower outcome scores as compared to
non-obese patients, they achieved significant absolute
functional improvement and the authors concluded
that they “found no reason to limit access to total
knee replacement in obese patients”. While there was
no difference in our main outcome measure, the subgroup analysis revealed significantly worse functional
outcomes in the class 2 obese cohort compared to both
the overweight and class 1 obese cohort. Interestingly
the class 3 obese cohort did not demonstrate any
significant difference in functional outcome scores. All
cohorts achieved significant absolute improvements in
functional outcome measures compared to preoperative
values. The significance of our finding of inferior
outcomes in the class 2 cohort is unclear. While we have
included a relatively large cohort in this study (2180),
perhaps larger numbers found in registry studies are
necessary to define clear sub-group differences.
Despite no difference in functional outcome,
the incidence of all complications was higher in the
overweight and obese cohort as compared to the
normal weight cohort. The evidence in the literature is
clear in relation to the increased risk of perioperative
complications with increasing BMI in TKA. The
aetiology behind this is multifactorial. Wound healing
and the development of both superficial and deep
peri-prosthetic joint infections are significantly more
common with increasing BMI. A recent meta-analysis

SF-36: Initial One-way ANOVA analysis of the six month
post operative SF-36 scores between the 5 groups
revealed a P-value < 0.01, suggesting a significant
difference between one or more groups. Further post-hoc
Tukey HSD Testing revealed significant differences in the
six month postoperative SF-36 scores comparing BMI
25-29 (overweight) 63.93 vs BMI 35-39 (class 2 obese)
58.16 (P < 0.01) and BMI 30-34 (class 1 obese) 63.65
vs BMI 35-39 (class 2 obese) 58.16 (P < 0.01). There
was no significant difference in post operative SF-36
scores in the other BMI sub-group analysis.

Complications

There were no complications in Group 1 (n = 162) at
latest follow-up. There were 19 (0.87%) revisions,
32 (1.47%) superficial infections, 9 (0.41%) deep
infections, 10 (0.46%) DVTs and 9 (0.41%) PEs in
Group 2 (n = 2018) over the same mean follow-up. The
absolute number of complications was not sufficient to
perform a meaningful statistical analysis.

DISCUSSION
Overall the study revealed no significant difference in
short-term post-operative functional outcome in patients
with a normal BMI as compared to overweight or obese
patients. Sub-group analysis found significantly lower
functional outcome scores in class 2 obese patients (BMI
35-39.9) compared to both overweight and class 1
obese patient.
The study highlights that, the vast majority of
patients now presenting to our institution for total knee
replacement, 93% are either overweight or obese. This
is significantly higher than the baseline levels in the
general population, where 50% are either overweight
[2]
or obese . This finding is mirrored in previous studies,
which also revealed a considerable proportion of
patients undergoing total knee arthroplasty are now
[12]
obese . According to the latest National joint registry
in the United Kingdom (NJR) figures (2013), the mean
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[17]

by Kerkhoffs et al revealed an odds ratio of 1.9 for all
infection and 2.38 for deep infection in obese patients
as compared to non-obese patients in an analysis of
15276 and 5061 patients respectively. Obese patients
are also at a higher risk of thromboembolic disease
[18]
post operatively . It is imperative that patients are
counselled in detail regarding the increased risk of
perioperative complications with increasing BMI. While
it would seem intuitive that patients should attempt
to lose weight prior to surgery, some recent evidence
suggests that obese patients that lose a significant
proportion of bodyweight preoperatively, actually have
a higher rate of surgical site infection compared to
[19]
control . Further research is needed in relation to
perioperative weight management, however it raises
interesting questions about the best way to manage
this ever-expanding cohort of overweight and obese
patients.
Due to the current demographics of our patient
cohort, there were relatively few normal weight
individuals presenting for surgery and therefore available
for inclusion in the study. Similarly, larger studies using
registry data may be necessary to elucidate clear
sub-group differences. While the patient numbers
were sufficient to statistically compare the functional
outcome scores, there was an insufficient incidence
of complications to draw any statistical conclusions in
relation to complication differences. We acknowledge that
early functional outcome may not correspond to longterm functional outcome and further research in this area
is required.
In conclusion, overall there was no difference in
early post-operative functional outcome comparing
normal weight individuals with those of a BMI > 25
in a cohort of 2080 primary total knee replacements.
Patients should be counselled regarding the potential
increased risk of complications with increasing BMI,
however they should not be denied TKA based solely on
weight if medically fit to undergo the procedure.

mobilise early to try and minimise the risk of perioperative complications.
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Abstract
AIM
To assess the functional and clinical results of repair of
chronic tears of pectoralis major using corkscrew and
sliding suture technique.

Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of the sports injury centre,
Safdarjung Hospital, New Delhi.

METHODS
In this retrospective study, we reviewed the results of
pectoralis major repair in 11 chronic cases (> 6 wk)
done between September 2011 and December 2014
at our institute. In all cases repair was done by same
surgeon using corkscrew suture anchors and box suture
sliding technique. At 6 mo, after surgery magnetic
resonance imaging was done to see the integrity of the
repair. Functional evaluation was done using Penn and
ASES scores. Pre and postoperative Isokinetic strength
was measured.

Informed consent statement: Informed consent was obtained
from all individual participants included in the study.
Conflict-of-interest statement: All authors declare that they
have no financial relationsip to disclose.
Data sharing statement: No additional data available.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Average follow-up was 48.27 ± 21.0 mo. The Wilcoxon
signed rank test was used to evaluate the outcome
scores. The average ASES score increased from an
average of 54.63 ± 13.0 preoperatively to 95.09 ± 2.60
after surgery at their last follow-up. The average Penn
score also increased from 5.72 ± 0.78, 2.81 ± 1.32 and
45.81 ± 1.72 to 9.36 ± 0.80, 8.27 ± 0.90 and 59 ± 1.34
for pain, satisfaction and function respectively. Follow up
magnetic resonance imaging (MRI) (at 6 mo) showed
continuity and the bulk of pectoralis major muscle in all
cases. Average isokinetic strength deficiency in horizontal
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adduction at 60° was 13.63% ± 6.93% and at 120° was
10.18% ± 4.93% and in flexion at 60° was 10.72% ±
5.08% and at 120° was 6.63% + 3.74%. Results showed
that both ASES and Penn score improved significantly (2
tailed P value = 0.0036).

chronic tear of pectoralis major have been reported.
[3]
Tietjen classified these injuries into three classes: (1)
sprain; (2) partial tear; and (3) complete tear. Complete
tear is further classified into tear of (1) muscle origin;
(2) muscle belly; (3) musculotendinous junction and
of tendon itself (4) recently, two more subclasses have
[4-8]
been added ; (5) bony flake avulsion of the tendon;
and (6) intratendinous ruptures. Chronic tears of
pectoralis major are different from acute tears as the
repairable length of the tendon is hardly available for
fixation. This makes fixation difficult as cutting through
the retracted musculo-tendinous junction of sutures
is likely. This led us to develop a new technique which
resulted in excellent results in chronic cases of this rare
injury.
In this article we are reporting our experience of repair
of chronic tendon rupture of pectoralis major muscles
in 11 cases where we assessed clinical, functional and
cosmetic results and incidence of re-rupture.

CONCLUSION
We could conclude from this series that pectoralis major
repair even in chronic cases using 5.5 mm corkscrew
anchors give excellent functional and cosmetic results. In
chronic cases the repairable length of the tendon is not
available and sliding suture technique allows for fixation of
worn out tendomuscular junction to bone without letting
cutting through the muscle.
Key words: Pectoralis major tear; Corkscrew suture
anchors; Chronic tears; Bench press; Tendon repair
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We are presenting the results of repair of rare
chronic tears of pectoralis major. This is one of the
longest series of repair of chronic pectoralis major tears
by corkscrew suture anchors with midterm follow-up. In
chronic tears hardly any repairable length of the tendon is
available and what available is largely musculotendinous
unit. We used a new technique to prevent cutting through
of sutures from retracted musculotendinous unit in
chronic tears. We have obtained excellent results with this
technique.

MATERIALS AND METHODS
In this retrospective study, we reviewed the results of
the pectoralis major repair in 11 cases (Table 1) done
between September 2011 and December 2014 at our
institute. The inclusion criteria were all chronic cases (>
6 wk) of pectoralis major tear repair who had minimum
2-year follow up with the availability of all medical
records. All patients presented with common complaints
of weakness of involved shoulder and loss of shape/
bulge of axillary border. All cases felt sudden tearing
sensation and pain in the axilla at time of injury. This
was followed by development of bruises and swelling in
the axilla. All were managed conservatively for at least
6 wk by local practitioner before presentation (range
1.5-4 mo). On examination, there was a weakness of
adduction and internal rotation strength on the involved
side compared to the other side and there was a loss
of the anterior axillary fold (Figure 1). No patient gave
a history of the use of anabolic steroids or any local
injections. Diagnosis was confirmed by radiologist in
all cases on MRI scan. Multi-planar coronal oblique and
axial scans (T2-weighted fat-suppressed and proton
density-weighted fat-suppressed images) were taken
in all cases. Interstitial edema, retracted tendons and
tear with fluid signal were considered positive findings
to make the diagnosis. All patients were managed
surgically.
Patients were followed up at 2, 6, 12 and 24 wk
and subsequently at 3 monthly intervals and assessed
clinically by range of motion and strength measurement.
After surgery, shoulder was immobilized in a sling
for 3 wk. Passive forward flexion and abduction were
started after 2 wk. External rotation was restricted to
st
15 degrees in 1 6 wk. Range of motion was gradually
increased to achieve full range of motion by 3 mo.
Strengthening exercises were started by the end of 2
mo and gradually increased from isometric exercises to

Joshi D, Jain JK, Chaudhary D, Singh U, Jain V, Lal A. Outcome
of repair of chronic tear of the pectoralis major using corkscrew
suture anchors by box suture sliding technique. World J Orthop
2016; 7(10): 670-677 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v7/i10/670.htm DOI: http://dx.doi.
org/10.5312/wjo.v7.i10.670

INTRODUCTION
Pectoralis major tear is a relatively rare and extremely
traumatic orthopedic injury. Recently there has been
an increase in reporting of such cases, especially in
young, athletic males between 20 to 40 years of age,
[1]
who are into body building or weightlifting sports .
Pectoralis major muscle has 2 heads of origin, ster
nocostal and clavicular. Sternocostal part forms the
deeper posterior lamina and inserts more proximally
on humerus and clavicular part forms the anterior
lamina and inserts distally. Sternocostal part primarily
internally rotates and adducts the shoulder whereas
clavicular part forward flexes and adducts the shoulder.
Traditionally, pectoralis major tear were being managed
conservatively, but recently the surgical management of
pectoralis major repair especially in young athletes has
[2]
been recommended . Cases of repair of both acute and
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Table 1 Details of patients and functional assessment
S/N
Profession

Age/sex

1 Student

24/M

2 Wrestler

25/M

3 Gym
trainer

27/M

4 Kabaddi
player

25/M

5 Wrestler

30/ M

6 Wrestler

Mode of
injury

Type of tear

Penn Score
pre surgery

Penn Score (at
final follow
up)

ASES
PrePostsurgery surgery

Cosmetic
appearance

Both heads
avulsion at
bony insertion
on the humerus
Bench press, Sternal head
180 kg
avulsion at
bony insertion
on humerus
Bench press Sternal head
avulsion at
bony insertion
on humerus
While playing Both heads
Kabaddi
avulsion at
(Forceful
bony insertion
abduction
on the humerus
and
extension)
Bench press, Both heads
150 kg
avulsion at
bony insertion
on the humerus

4 mo

82 mo Full

Pain-6
Pain-10
40
Satisfaction- 3 Satisfaction-9
Function-45
Function- 60

98.33

No
complaints

3 mo

80 mo Full

Pain-5
Pain-10
43.33
Satisfaction- 4 Satisfaction- 9
Function-46
Function- 60

98.33

No
complaints

3 mo

68 mo Full

Pain-7
Pain-9
45
Satisfaction- 3 Satisfaction-9
Function-44
Function-58

91.66

No
complaints

1.5 mo

56 mo Full

Pain-6
Pain-8
42.77
Satisfaction- 3 Satisfaction-7
Function-45
Function-58

96.1

No
complaints

3 mo

50 mo Full

Pain-5
Pain-8
40
Satisfaction- 3 Satisfaction-7
Function-45
Function-56

91.66

Not fully
satisfied with
cosmetic
appearance
(Changed
profession
due to pain
in carrying
weight)

27/M

Bench press

2 mo

44 mo Full

Pain-6
Pain-9
68.32
Satisfaction- 3 Satisfaction- 8
Function-45
Function-60

93.33

No
complaints

7
25/M
Weightlifter

Bench press,
170 kg

3 mo

40 mo Full

Pain-6
Pain-9
78.32
Satisfaction- 3 Satisfaction-7
Function-45
Function-60

98.33

8 Wrestler

While
wrestling

2 mo

32 mo Full

Pain-4
Pain-10
61.66
Satisfaction-0 Satisfaction-8
Function-44
Function-58

95

Not fully
satisfied with
cosmetic
appearance
No
complaints

1.5 mo

30 mo Full

Pain-6
Pain-10
63.31
Satisfaction-3 Satisfaction-9
Function-48
Function-59

93.33

No
complaints

3.5 mo

25 mo Full

Pain-6
Pain-10
61.64
Satisfaction-5 Satisfaction-9
Function-48
Function-60

98.33

No
complaints

2 mo

24 mo Full

Pain-6
Pain-10
56.66
Satisfaction-1 Satisfaction-9
Function-49
Function-60

96.66

No
complaints

28/M

Bench press,
190 kg

Time between Follow ROM
up
injury and
surgery

9
20/M
Weightlifter

Bench press
165 kg

10 Student

27/M

Bench press

11
23/M
Weightlifter

Bench press
160 kg

Sternal head
avulsion at
bony insertion
on humerus
Sternal head
avulsion at
bony insertion
on humerus
Both heads
avulsion at
bony insertion
on the humerus
Sternal head
avulsion at
bony insertion
on humerus
Sternal head
avulsion at
bony insertion
on humerus
Sternal head
avulsion at
bony insertion
on humerus

M: Male; F: Female.

and 120 degrees. The Wilcoxon signed rank test was
used to assess the difference in pre and post-operative
ASES and Penn scores and isometric strength.

isotonic exercises. Postoperatively results were assessed
by American shoulder and elbow assessment (ASES)
score, Penn scores and bilateral isokinetic strength
testing by Humac™ (CSMI, Stoughton, MA). Deficit
in strength was calculated as the percent difference
between the higher and lower peak torque of the two
limbs divided by the highest peak torque at 60 degrees
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Surgical technique

Patients were operated in the beach chair position. An
incision of 5 cm was given in distal part of deltopectoral
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Figure 1 Preoperative physical appearance with loss of anterior axillary fold (black arrow).

Figure 2 Magnetic resonance imaging report showing near complete tear (arrow) of Pectoralis major muscle.

A

B

Figure 3 Torn pectoralis major tendon Sternal head identified and whip sutured (A); and a complete tear of both sternal and clavicular heads, held
separately with forceps after mobilization (B).

groove. Torn tendon of pectoralis major was identified
and mobilized (Figures 2 and 3). The lateral lip
of bicipital groove was exposed and its base was
roughened with a rasp and drilling. Two double loaded
5.5 mm corkscrew anchors (Arthrex, Naples, United
States) were deployed into the lateral lip proximally
and distally at the insertion site of the tendon (Figure
4). Pectoralis major tendon was then attached to the
lateral lip of bicipital groove with the help of anchors.
The suturing was done in a box like fashion in the
musculotendinous area to have a broader fixation and
sliding knots followed by the half hitches were applied

WJO|www.wjgnet.com

with post being the free thread (not through the muscle
tendon).This brings the broad bulk of muscular tissue in
approximation to the insertion site. The technique (box
suture-sliding technique, Figure 5) holds good for these
types of chronic cases where the torn tendon often gets
attrition and it is difficult to achieve secure fixation in
the worn out tendon.

RESULTS
All patients were young and active (mean age 25.54
± 2.60 years). Mean follow up was 48.27 ± 21.0 mo.

673

October 18, 2016|Volume 7|Issue 10|

Joshi D et al . Repair of chronic tears of pectoralis major

A

B

A

B

Figure 4 Exposure of bicipital groove (A), Biceps tendon is protected.
Corkscrew anchors (double loaded) are deployed into the lateral lip of
bicipital groove (B).

A

B

Humerus

C
Suture anchor in humerus

Pectoralis major
Biceps

Figure 5 Box sliding technique. Musculotendinous unit was whipstiched (this
makes like a box covering the broad area of delicate muscle to prevent cutting
through the musclotendinous unit) and sliding Nikky’s knot was used to push
the tendon to bone (A). A final picture after the torn tendon has been secured to
the lateral lip of bicipital groove with anchors (B).

Mean time from injury to surgery was 2.59 ± 0.83 mo.
Nine cases sustained injury while doing bench press
exercise in the gymnasium, one patient sustained injury
while playing Kabaddi (A popular contact sport in South
Asia) and one patient while wrestling. MRI showed near
complete tear of the pectoralis major at axillary fold
level in four cases and tear of Sternal head in seven
cases (Figure 2).
All patients achieved their pre injury exercise level in
gymnasium between 9 and 12 mo postoperatively and
returned to their previous occupation except one patient
(wrestler) who changed the profession due to pain in
overhead activity and difficulty in carrying weight. All
patients were happy with the cosmetic result regarding
the appearance of axillary fold, compared to the other
side (Figure 6C) except two patients. At 6 mo, all cases
were able to do bench press with minimum 70 kg
weight. There was no complication till last follow up. No
patient suffered re-tear of the repair till last follow-up.
The average ASES score increased from an average
of 54.63 ± 13.0 preoperatively to 95.09 ± 2.60 after
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Figure 6 Magnetic resonance imaging at 6 mo follow up showing
excellent continuity (arrow) and the bulk of pectoralis major muscle after
repair (A, B); restoration of the anterior axillary fold after surgery (C).

surgery at their last follow-up. The average Penn score
also increased from 5.72 ± 0.78, 2.81 ± 1.32 and
45.81 ± 1.72 to 9.36 ± 0.80, 8.27 ± 0.90 and 59 ±
1.34 for pain, satisfaction and function respectively.
Follow up MRI (at 6 mo) showed continuity and the
bulk of pectoralis major muscle in all cases (Figure
6A and B). Average isokinetic strength deficiency in
horizontal adduction at 60° was 13.63% ± 6.93% and
at 120° was 10.18% ± 4.93% and in flexion at 60° was
10.72% ± 5.08% and at 120° was 6.63% ± 3.74%.
Statistical analysis: The Wilcoxon signed rank test
was used to assess the difference in pre and postoperative ASES and Penn scores and isometric strength.
Improvement in ASES score and all components of
Penn scores were significant (Two tailed P = 0.0036, P
< 0.05).
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DISCUSSION
Athletes usually sustain pectoralis major injury as a
result of violent, eccentric contraction of the muscle
during athletic activities. Sudden forceful abduction and
external rotation of contracted muscle is the usual mode
of injury. Bench-pressing weights has been reported as
[4,8]
the most common mode of injury . Other common
modes of injury include rugby, football, wrestling and
[5-7]
water skiing . Type ⅢD (tendon tear) tear is the most
common with a rate of 65%, followed by the type Ⅲ
[8]
C tears . To date just over 60 articles and 350 cases
[9]
have been reported in English literature . Although first
case was reported in 1822 more than 75% cases have
[9]
been reported in last 20 years . This simply reflects
the advancement of diagnostic modalities and our
understanding of these injuries. Use of anabolic steroids
has been reported as a risk factor in weightlifters in
[10]
such cases . Sternocostal part stretches when the arm
is abducted, externally rotated and extended and it fails
[11]
more often before the clavicular part .
[11]
Wolf et al in a cadaveric study showed that lower
fibers of the sternocostal part are disproportionately
lengthened and stressed in the last 30 degrees of
extension. This explains why sternocostal part ruptures
more often and before clavicular part. Females are less
commonly exposed to high velocity sports and high
end muscle building exercises. In addition to this larger
tendon to muscle diameter in women has also been
[12]
suggested for almost no incidence of pectoralis major
tear in females.
Since the reporting of the 1st case of pectoralis
[13]
major muscle tear by Patissier in 1822 its treatment
has evolved from conservative to surgical management.
Now most of the tears are treated surgically except for
tears in elderly patients, those with sedentary lifestyles
[7,14]
and minor muscle belly rupture
. While conservative
[15,16]
treatment has shown poor results
surgical treat
[7,8,13,15]
ment has produced excellent outcomes
and
is the preferred treatment now. In a large series of
[12]
surgical repair of pectoralis major tear, Aärimaa et al
showed that early surgical repair has better outcomes
than delayed repair. Eight weeks have been reported
[15]
as an ideal time for surgery of pectoralis major tear .
Patients who are treated conservatively show good
relief in pain and achieve range of motion compared to
surgically treat patients, but they fail to achieve their
pre injury level of functional strength and have cosmetic
deformity. Surgical management usually involves
reattachment of the tendon to humerus by drill holes
[15]
[16-25]
and tying sutures over a bone bridge
anchors
,
[23]
and staples . Three main techniques of re-attachment
of tendon to humerus are bone tunnel technique, bone
trough technique and suture anchor technique. In bone
tunnel technique sutures are passed using a curved
suture passer through curved/angled bone tunnels
and tendon are tied over a bone bridge reattaching the
tendon to humerus. In bone trough technique drill holes
are made into the bone trough at the site of tendon
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Figure 7 In acute cases reparable length of the tendon may be available
for repair, but in chronic cases it is mainly muscle, which remains
available to be attached back to the bone (Figure 3).

insertion. Suture anchors are being increasingly used
in recent years, probably due to increasing familiarity
of surgeons with these anchors and almost all the case
series of repair with suture anchors have been reported
[2,17-19,25]
after 2004
. Care should be taken not to injure
the biceps tendon while making trough or drill holes in
the bicipital groove.
Due to the rarity of injury no fixation method has
been reported to give superior results compared to other
methods, however drill holes fixation with or without
trough remain the most common method of repair in
most of the reported case series. Recently few cadaveric
studies have given the results of biomechanical studies
of common methods of pectoralis major repair. Sherman
[21]
[22]
et al
and Hart et al
concluded that suture anchor
repair and trans osseous repair of pectoralis major confer
the same biomechanical integrity, whereas Rabuck et
[20]
al found a bone trough repair of the pectoralis major
tendon was stronger than suture anchor repair. More
studies are needed to reach a conclusion to recommend
one method over another. We used suture anchors to
fix the tendon to bone as these are easy to use and give
firm anchorage in hard young cortical bone.
Although, excellent results have been reported in
most cases of late presentation, the main differences
in management of acute and chronic cases from the
surgery point of view, is the available length of the
tendon for repair. In a cadaveric study at our centre
(unpublished data) we have seen that the approximate
length of pectoralis major tendon from musculotendinous
junction is 2.5 cm (Figure 7). In chronic cases the
repairable length of the tendon is hardly available and
it is mostly muscle/musculotendinous junction, which is
anchored to bone (Figure 3). In our technique we used
sliding knot, to prevent cutting through of suture through
the muscle. Tendon mobilization may be a problem in
chronic cases due to adhesions and scars. After incision
of these peri-tendinous adhesions it may be possible to
bring the tendon to the insertion site at humerus without
[2]
tension . If the sufficient excursion of the tendon is not
[24]
possible use of allograft or autograft is necessary . In
our series we did not find any difficulty in the mobilization
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and fixation of pectoralis major tendon by corkscrew
anchors and achieved excellent results.
The only limitation of this study is that the sample
size is small, but due to the rarity of the tear of pect
oralis major, results are worth reporting. As such, few
cases of chronic tears have been reported and there is
no consensus for a surgical repair method for chronic
tears. We could conclude from this series that pectoralis
major repair can be done even in chronic cases using 5.5
mm corkscrew anchors and it gives excellent functional
and cosmetic results. Surgery should be done in all
such active persons who want to get back to pre-injury
activity level.
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Abstract
AIM
To compare mortality and time-to-surgery of patients
admitted with hip fracture to our teaching hospital on
weekdays vs weekends.
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METHODS
Data was prospectively collected and retrospectively
analysed for 816 hip fracture patients. Multivariate logistic
regression was carried out on 3 binary outcomes (timeto-surgery < 36 h; 30-d mortality; 120-d mortality), using
the explanatory variables time-of-admission; age; gender;
American Society of Anesthesiologist (ASA) grade;
abbreviated mental test score (AMTS); fracture type;
accommodation admitted from; walking ability outdoors;
accompaniment outdoors and season.
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anonymised and the risk of identification is negligible.
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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RESULTS
Baseline characteristics were not statistically different
between those admitted on weekdays vs weekends.
Weekend admission was not associated with an
increased time-to-surgery (P = 0.975), 30-d mortality (P
= 0.842) or 120-d mortality (P = 0.425). Gender (P =
0.028), ASA grade (P < 0.001), AMTS (P = 0.041) and
accompaniment outdoors (P = 0.033) were significant covariates for 30-d mortality. Furthermore, age (P < 0.001),
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gender (P = 0.011), ASA grade (P < 0.001), AMTS (P
< 0.001) and accompaniment outdoors (P = 0.033) all
significantly influenced mortality at 120 d. ASA (P < 0.001)
and season (P = 0.014) had significant effect on the odds
of undergoing surgery in under 36 h.

and Australasian studies have found patients with
certain medical and surgical diagnoses admitted over the
weekend had higher risk-adjusted mortality than patients
[6-8]
admitted on weekdays . This potential “weekend
[7]
effect” may be exaggerated in teaching hospitals .
In addition, a recent Dr. Foster report suggested that
within the United Kingdom, “access to treatment over
a weekend is a weak link in the management of hip
[9]
fractures” . This observation must be addressed, as
“early surgery” is associated with significantly reduced
[10]
risk of mortality , and thus any delays linked to timing
of admission may have important consequences.
Patients admitted with hip fracture often have
multiple co-morbidities and can present with concomitant
medical pathologies such as ischaemic heart disease,
electrolyte imbalances, renal impairment and sepsis. The
effective management of these, medical optimisation and
access to timely surgery are key factors in the effective
treatment of hip fractures and prevention of further
complications. Thus, the objective of our study was to
examine the potential “weekend effect” on patients
presenting with acute fragility hip fracture to a United
Kingdom teaching hospital. Our aim was to compare
patients admitted on weekdays vs weekends to elucidate
any differences in: (1) Time-to-surgery (within 36 h, or
not); (2) 30-d mortality; and (3) 120-d mortality.
Our null hypothesis was that there would be no
difference in time to surgery or mortality between
weekday and weekend groups. In addition, we planned
to analyse the effect of 9 other variables on the above
outcomes: Age; gender; American Society of Anes
thesiologist (ASA) grade; abbreviated mental test score
(AMTS); fracture type; type of accommodation admitted
from; walking ability outdoors; need for accompaniment
outdoors and season.

CONCLUSION
Weekend admission was not associated with increased
time-to-surgery or mortality in hip fracture patients. Demo
graphic factors affect mortality in accordance with pre
vious published reports.
Key words: Weekend; Hip; Fracture; Mortality; Season
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The weekend effect is gaining academic and
political interest. It is important to consider departmental
set ups that avoid potentially increased mortality in sick
patients admitted on the weekend. Here we evaluate hip
fracture patients admitted to a United Kingdom teaching
hospital prior to the recent media and political interest,
in a centre that had been commended for its care of hip
fracture patients. There is no increased mortality in those
admitted on a weekend - confirming that it is possible
to negate a “weekend effect” with the appropriate
infrastructure for hip fracture patients.
Mathews JA, Vindlacheruvu M, Khanduja V. Is there a weekend
effect in hip fracture patients presenting to a United Kingdom
teaching hospital? World J Orthop 2016; 7(10): 678-686
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v7/i10/678.htm DOI: http://dx.doi.org/10.5312/wjo.v7.i10.678

MATERIALS AND METHODS

INTRODUCTION

st
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Between 1 April 2009 and 30 September 2011, 883
patients were admitted to our hospital with primary
fragility hip fracture. Hip fracture was defined as “a
fracture occurring in the area between the edge of the
femoral head and 5 cm below the lesser trochanter”. All
these patients had detailed records prospectively created
on the NHFD. We excluded those whose records were
incomplete to avoid unknown confounders (missing data
included details on where the patient was admitted from,
preoperative mobility and cognitive status and adequate
follow up). This left us a study sample of 816 patients
with 100% complete datasets, who were all included
in our study. The NHFD is an internet-based audit tool
that collates a variety of details on patients admitted
with acute hip fracture, including patient characteristics,
fracture type, operative details and times of admission to
A&E, admission to orthopaedic ward and time of surgery.
Accurate dates of death were attained from electronic
hospital patient records. The resulting dataset was then
used to extrapolate accurate values for time-to-surgery
(hours) and 30- and 120-d mortality rates. Of the 816

Hip fractures related to fragility account for a significant
clinical and economic burden on the NHS, especially in an
ageing population. There are an estimated 70000 such
fractures annually in the United Kingdom, commanding
[1]
a cost of almost £2 billion a year . These patients have
a high prevalence of co-morbidities reflected by the
high level of mortality associated with hip fractures [2]
up to 10% of patients die within 30 d . In recent years
there have been many steps taken to optimise the
quality of care in this group of patients. This includes the
distribution of the joint British Orthopaedic Association
[1]
(BOA)-British Geriatric Society (BGS) “blue book” , the
setting up of the United Kingdom National Hip Fracture
[3]
Database (NHFD) , the government initiative of a best
[4]
practice tariff (BPT) , and recent publication of NICE
[5]
guideline CG124 .
The literature has highlighted some concern over
the management of patients admitted over weekends,
which represent periods of time involving lower staffing
[6]
levels and potential shortfalls in care . North American
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Table 1 Baseline characteristics, grouped by time of week admitted
Explanatory variable

Classification

Age, yr
mean (SD)
Gender

46.4-100.9
(P = 0.779)2
Male
Female
(Female %) (P = 0.733)1
ASA grade
1-5
median (IQR)
(P = 0.282)2
AMTS
0-10
median (IQR)
(P = 0.924)2
Fracture type
Intertrochanteric
Intracapsular - displaced
Intracapsular - undisplaced
Subtrochanteric
(% Intracapsular-displaced) (P = 0.097)1
Admitted from
Own home
Other
(% Own home) (P = 1.00)1
Ability to walk outdoors Wheelchair/bedbound/electric buggy
Never goes outdoors
Two aids
One aids
No aids
(% Wheelchair, etc.) (P = 0.780)1
Accompaniment outdoors Wheelchair/bedbound/electric buggy
Never goes outdoors
Yes
No
(% Wheelchair, etc.) (P = 0.604)1
Season
Spring
Summer
Autumn
Winter
(% Winter) (P = 0.108)1
Time of week
Weekday
Weekend

Time of week
Weekday

Weekend

83.1 (8.4)

82.6 (9.3)

169
412
(70.90%)
3 (1)

65
170
(72.30%)
3 (1)

8 (5)

8 (5)

217
287
48
29
(49.40%)
417
110
(81.10%)
173

92
99
31
13
(42.10%)
191
44
(81.30%)
65

54
154
200
(29.80%)
88

20
60
90
(27.70%)
31

193
300
(15.10%)
133
183
160
105
(18.10%)
581
0

86
118
(13.20%)
61
54
73
47
(20.00%)
0
235

1

Fisher’s Exact test; 2Mann-Whitney U test. SD: Standard deviation; IQR: Interquartile range.

vs weekend); age; gender; ASA grade; AMTS; type of
accommodation admitted from; type of fracture; ability
to walk outdoors, need for accompaniment outdoors
and season. Logistic regression models were fitted and
the “Enter” method was used in the regression models
to incorporate the time of week variable, as this was the
main interest of the study; forward model selection was
then applied to the remaining nine covariates in order to
select the most parsimonious model. A P-value < 0.05
was considered as significant. The statistical methods of
this study were reviewed by Rebecca Harvey of the Centre
for Applied Medical Statistics, University of Cambridge.

patients, 20 did not have surgery and thus were excluded
from the analysis for time-to-surgery (n = 796).

Definitions

Patients who were admitted to A and E from Monday 8:00
AM and Friday 5:59 PM were placed in the “weekday”
group. Those admitted between Friday 6:00 PM and
Monday 7:59 AM were categorised as the “weekend”
group, in line with the trust out-of-hours rota.

Statistical analysis

Baseline characteristics between the two groups were
compared using Fisher’s exact test (for categorical covariates) or Mann - Whitney U test (for continuous covariates).
Logistic regression was carried out on 3 outcomes
of interest (all binary outcomes), using 10 explanatory
variables: (1) the proportion of patients receiving
surgery in less than 36 h; (2) 30-d mortality; and (3)
120-d mortality.
The co-variates used were: day of admission (weekday
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RESULTS
A total of 796 patients were included for the final analysis.
The average age of these patients was 83.0 ± 8.7 years,
with a gender ratio of 2.5:1 (581 females; 235 males).
During the study period there were 581 admissions during
weekdays and 235 during weekend periods. Baseline
characteristics of the two groups were not statistically
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Table 2 Time-to-surgery and mortality and of patients admitted
with hip fracture, grouped and compared by time of week

Time to surgery
(n = 796)
30-d mortality
(n = 816)
120-d mortality
(n = 816)

< 36 h
> 36 h
(%< 36 h) P > 0.05
No
Yes
(%Yes) P > 0.05
No
Yes
(%Yes) P > 0.05

Weekend

334
233
(58.90%)
548
33
(5.70%)
497
84
(14.50%)

138
91
(60.30%)
224
11
(4.70%)
207
28
(13.50%)

120 d mortality

Time to surgery (< 36 h)

Weekday Weekend

Weekday Weekend

Weekday Weekend

80

Time of week
Weekday

30 d mortality

60
%

Outcome variable Classification

100

40

20

0

Outcome

Figure 1 There was no significant difference in time-to-surgery < 36 h (P
= 0.975) 30-d mortality (P = 0.842) or 120-d mortality (P = 0.425) between
acute hip fracture patients admitted on weekdays (red bars) vs weekends
(grey bars). All P-values derived from logistic regression model.

Table 3 Estimated model coefficients for the multivariate
logistic regression model - time to surgery
Outcome 1

Time to surgery (< 36 h)

Variable

Level

ASA grade
Season

1-5
Winter (reference)
Spring
Summer
Autumn
Time of week Weekday (reference)
Weekend

n = 796
OR

95%CI

0.68 0.54, 0.85

P -value

1.89 1.21, 2.94
1.7 1.11, 2.61
1.9 1.23, 2.92

0.001
0.014
0.005
0.014
0.004

1.01 0.73, 1.39

0.975

this model. As ASA grade increases by one unit, it is
expected that the odds of dying by 30 d to be almost 2.7
times greater (P < 0.001) (Figure 2). Male patients had
higher odds of mortality at 30 d than female patients
[odds ratio (OR) 2.12; 95%CI: 1.09, 4.15] (Figure 3).
It is expected that the 30-d mortality odds are lower
as AMTS increases by one unit (P = 0.041); as AMTS
increases by 1, the odds of dying at 30 d are reduced by
10% (95%CI: 0.81, 1.00) (Figure 4). Patients requiring
accompaniment outdoors (P = 0.015) and those using a
wheelchair or never go outdoors (P = 0.011) both have
higher odds of mortality at 30 d compared with those
who do not need any accompaniment outside (Figure
5). Wheelchair-bound patients have the greatest odds
relative to those not requiring accompaniment outdoors
- they are expected to have 5 times the odds of 30-d
mortality. Other co-variates were not significant on this
outcome.

ASA: American Society of Anesthesiologist.

different in any of the measured fields (Table 1). The most
common type of fracture seen during our study period
was the intracapsular and displaced neck of femur fracture
(n = 386; 47.9%). Most patients (n = 662; 70.9%) were
living in their own home and around a third (n = 290;
35.6%) of patients walked outdoors without the use of
aids prior to injury.
None of the outcome measures were significantly
different between the weekday and the weekend groups
(Figure 1 and Table 2).

Outcome 3 - 120-d mortality

There is no difference in odds of 120-d mortality
between the weekend and the weekday groups (P-value
= 0.425) (Table 4). As ASA increases by one unit, we
would expect the odds of 120-d mortality to be 2 times
greater (P < 0.001) (Figure 2). At 120 d, male patients
have greater odds of dying but the expected increase in
odds is lower than at 30 d. Male patients are expected
to have 1.85 greater odds of mortality at 120 d (95%CI:
1.15, 2.98) (Figure 3). As AMTS increases by a unit,
it would be expected that the odds of death at 120 d
decrease by around 11% (P = 0.001) (Figure 4).
As age increases by one year, the odds of dying
at 120 d are 1.06 times greater, i.e., an age increase
of one year yields a 6% increase in 120-d mortality
(95%CI: 1.03, 1.10). Patients who require a wheelchair
to go outdoors or patients who don’t go outside have
more than twice the odds of 120-d mortality than
patients who don’t need accompaniment outdoors (P
= 0.022) (Figure 5). There is however statistically no

Outcome 1 - Time-to-surgery < 36 h (Table 3)

There was statistically no difference in the odds of timeto-surgery being less than 36 h between weekend
and weekday patients (P = 0.975). As ASA increases
by one unit, the expected odds of having a time-tosurgery of less than 36 h are reduced by 32% (P =
0.001; 95%CI: 0.54, 0.85) (Figure 2). The season also
has a significant effect on undergoing surgery within 36
h (P = 0.014). Patients who were admitted in spring,
summer or autumn all have greater odds of having
a time to surgery of less than 36 h compared to the
patients admitted in winter.

Outcome 2 - 30-d mortality

There was statistically no difference in the odds of
mortality within 30 d between hip fracture patients
admitted during the weekdays vs weekends (P = 0.842)
(Table 4). ASA was a strongly significant covariate in
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Table 4 Estimated model coefficients for the multivariate logistic regression model - mortality
n = 816

Outcome 2 30-d mortality
Variable
Gender
ASA grade
AMTS
Age (yr)
Accompanied
outdoors

Time of week

Female (reference)
Male
1-5
0-10
No (reference)
Yes
Wheelchair/bedbound/electric
buggy/does not go out
Weekday (reference)
Weekend

n = 816

Outcome 3 120-d mortality

OR

95%CI

P -value

2.12
2.68
0.9

1.09, 4.15
1.55, 4.62
0.81, 1.00

0.028
< 0.001
0.041

4.22
5.14

1.32, 13.47
1.46, 18.09

0.033
0.015
0.011

0.93

0.44, 1.94

0.842

Female (reference)
Male
1-5
0-10
46-101
No (reference)
Yes
Wheelchair/bedbound/electric
buggy/does not go out
Weekday (reference)
weekend

OR

95%CI

P -value

1.86
2.03
0.89
1.06

1.15, 2.99
1.39, 2.95
0.83, 0.95
1.03, 1.10

1.29
2.22

0.70, 2.36
1.12, 4.38

0.011
< 0.001
0.001
< 0.001
0.033
0.423
0.022

0.82

0.50, 1.34

0.425

AMTS: Abbreviated Mental Test Score; ASA: American Society of Anesthesiologist.

30 d mortality

100

120 d mortality Time to surgery (< 36 h)

100

60

60
%

80

%

80

120 d mortality

30 d mortality

40

40

20

20

0

1

2

3

4/5

1

2

3

4/5

1

2

3

0

4/5

Female

ASA grade

Female

Male

Gender

Figure 2 American Society of Anesthesiologist grade of patients admitted
with hip fracture had a significant effect on 30-d mortality (P < 0.001), 120-d
mortality (P < 0.001) and time to surgery (P = 0.001). As ASA increased,
the mortality rate at 30- and 120-d increased, whilst the percentage of patients
undergoing surgery within 36 h decreased. Percentages are expressed as means.
All P-values derived from logistic regression model. ASA: American Society of
Anesthesiologist.

Figure 3 Gender of patients admitted with acute hip fracture had a
significant influence on 30-d mortality (P = 0.028) and 120-d mortality (P
= 0.011), with males having an increased risk of death at the two time cutoffs. Percentages are expressed as means. All P-values derived from logistic
regression model.

with lower mortality rates in these patients has been
[10]
widely published . Whilst national NICE guidelines
recommend that surgery be performed “on the day
[5]
of, or the day after admission” , the government has
[4]
introduced the “BPT” . The BPT offers hospitals a
£1335 “bonus” payment per hip fracture patient that is
managed according to a set of quality indicators, which
include performing surgery within 36 h of admission, in
combination with orthogeriatric led medical care in the
acute phase and secondary fracture prevention. The
BPT aims to financially incentivise best clinical practice
in hip fracture management and thus enable targeted
investment back into local hip fracture services. Ac
cordingly, it has become a target for orthopaedic
departments across the country to achieve surgery with
in the 36-h window and thus we chose that cut-off for
this study.

difference in odds of dying between non wheelchair
bound patients who need accompaniment outdoors and
patients who do not require accompaniment outdoors.
Other co-variates were not significant on this outcome

DISCUSSION
This study examines the potential weekend effect in
patients with a hip fracture in a single teaching hospital
within the United Kingdom; it reveals no statistical
difference in either 30- or 120-d mortality between
patients admitted to our tertiary referral hospital on
weekdays vs weekends. In addition, patients admitted
on the weekend were equally likely to undergo surgery
within 36 h.
Hip fractures represent a common and serious
injury in older people. Surgery is the main stay of
treatment, with over 98% of patients undergoing
[3]
operative fixation . The association of early surgery
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Male

Previous studies

Admissions over the weekend and other out-ofhour periods have been associated with undesirable
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100

120 d mortality

30 d mortality

100

60

60

120 d mortality

%

80

%

80

30 d mortality

40

40

20

20

0

0 1 2 3 4 5 6 7 8 9 10

0

0 1 2 3 4 5 6 7 8 9 10

AMTS

Figure 4 As Abbreviated Mental Test Score increased, 30-d mortality (P =
0.041) and 120-d mortality (P = 0.001) decreased in patients admitted with
acute hip fracture. Percentages expressed as means. All P-values derived
from logistic regression model. AMTS: Abbreviated Mental Test Score.

Yes

Wheelchair
No
Yes
Accompaniment outdoors

Wheelchair

Figure 5 Requirement for accompaniment outside in hip fracture patients
significantly influenced 30-d (P = 0.033) and 120-d mortality (P = 0.033). At
30 d, patients who are wheelchair bound, bedbound or do not go outside have a
higher risk of death than those requiring no accompaniment outdoors, at 30 d and
120 d. In addition, patients requiring accompaniment outdoors have a higher at
30-d mortality than those who do not (P = 0.015), but this difference is abolished
by 120 d (P = 0.423). Percentages are expressed as mean. All P-values derived
from logistic regression model.

delays in investigations and procedures for certain
conditions. A report recently published by the Agency
for Healthcare Research and Quality (AHRQ) suggested
that patients admitted over the weekend in the United
States had significantly longer waits for various major
[11]
procedures . The 2011 Dr. Foster report highlighted
that there may be significant delays to hip fracture
surgery associated with timing of admission in the
United Kingdom, highlighting that many trusts are
[9]
significantly worse at operating at the weekend .
In addition, past research has shown that weekend
admission is associated with increased mortality in
certain diagnoses, attributing their findings to lower
staffing levels and unreliable access to clinical services.
Studies from Canada, United States and Australia
have shown patients with ruptured abdominal aortic
[6]
[6]
aneurysm (AAA) , pulmonary embolism , duodenal
[7]
[7,8]
ulcers and ischaemic heart disease
have a
significantly increased risk of mortality if admitted
during the weekend rather than weekday. More recently,
evidence of a weekend effect for emergency conditions
[12]
has also been reported in the United Kingdom . These
studies did not observe an increase in mortality in hip
fracture patients. However, a Danish study looking at
600 patients presenting with acute hip fracture, did
find a significantly higher rate of mortality for those
[13]
admitted over holiday periods , another time group
with limitations in human resources. One previous
study has observed a potential weekend effect for hip
fracture patients in a different United Kingdom teaching
[14]
hospital . However, following reports of no weekend
[15]
effect at national level in the United States , it was
clear that this may not be the case at other similar
United Kingdom institutions and it is essential that this
is shown.

patients undergo surgery within 36 h, at our centre.
This is likely to be due to the fact this hospital runs a
dedicated trauma list, with an allocated anaesthetist
and on call theatre radiographer 7 d/wk. In centres
where this in not available, the potential improvement
in surgical delay with the addition of extra trauma
[16,17]
theatre time has been emphasized
. In addition
we have a trauma nurse specialist heavily involved
with the management of patients and organisation of
trauma lists on every Saturday, in addition to weekdays.
Despite these resources available, we found that around
16% of our cases are still delayed whilst awaiting
trauma list space underlining the considerable room
[3]
for further improvement . Indeed, only around 60%
of patients achieve surgery within 36 h - however, this
is a relatively new target that was introduced in April
2010, and the NHFD report shows this number to be
[3]
improving nationwide since then .
Our study also reveals an inverse relationship
between the ASA grade and the time to surgery. This
probably translates to patients with more co-morbidities
requiring longer to undergo appropriate tests prior
to transfer and achieve pre-operative optimization.
Indeed, the NHFD report for 2010-2011 suggested that
almost 1/3 of the fragility hip fracture patients in the
United Kingdom who did not receive an operation within
36 h were delayed because they were awaiting medical
[3]
review, investigation or stabilization . The number
of patients falling into this group may be greater on
weekends in some smaller United Kingdom centres
where there are potentially only one or two general
medical registrars on site; our centre is fortunate to
have subspeciality medical registrars (e.g., cardiology,
respiratory) on call as well during the weekends. Thus
speciality review and special investigations may have
a greater probability of being achieved on admission,

Interpretation of results

Our data shows that being admitted with a hip fracture
on the weekend has no negative impact on whether
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which could reduce potential delays in optimisation for
surgery.
Interestingly, we found that patients admitted
during spring, summer or autumn were statistically
more likely to go for surgery within 36 h than those
who presented in winter. Higher fracture rates during
winter have been reported for various types fracture
[18,19]
in the United Kingdom, including hip fractures
. It
may be that patients admitted with hip fracture over
winter are more likely to have an acute medical illness
which has predisposed them to an increase risk of falls.
Additionally, adverse weather conditions may have led
to an increase in other non hip fractures, which may be
reflected by longer time-to-surgery for patients in our
study.
Our model did not find any significant difference
in 30- or 120-d mortality between those admitted on
weekends when compared with weekday admissions,
supporting the null hypothesis. However, logistic
regression of our data revealed that patients who were
older, male, or had a higher ASA grade or lower AMTS
at admission had a significantly higher risk of mortality,
[20]
which correlates with previous observations . In
addition, those who were wheelchair bound or did not
go outside had a significantly increased odd of mortality,
which may reflect the severity of co-morbidities in
these patients. Baseline characteristics were not dif
ferent between the two groups. Early surgery following
hip fracture has been shown to significantly reduce
morbidity and mortality when compared with delayed
[13]
surgery . Thus, the fact there was no statistical
difference between weekday and weekend groups in
time-to-surgery within 36 h, nor mortality, suggests
the outcomes are likely to be linked in our study. Whilst
significant blood loss following hip fracture has been
[21]
reported , and such injuries may occur as a result
of cardiorespiratory deterioration, it is not a diagnosis
that is as susceptible to delays in definitive treatment
as those mentioned above that do exhibit a weekend
effect. These diagnoses, such as ruptured AAA, PE,
and MI would be expected to have a much faster, more
dramatic effect on haemodynamic stability.

with emphasis placed on providing falls assessment
and commencing bone protection medication during
the admission. This highlights the potential positives of
[4]
adhering to the indicators set out by the BPT .
The aim of the BPT, which offers £1335 more
than base tariff per case, is to financially incentivise
best clinical practice in hip fracture management and
thus enable targeted investment back into local hip
fracture services. This should “stimulate better quality
[4]
service provision which is more cost effective” . Our
findings suggest that such funding would be well spent
in developing additional trauma theatre time and
further enhancing services over the weekend including
physiotherapy, orthogeriatrics, trauma anaesthetists
and theatre radiographers. Whilst guidelines encourage
surgery to be performed during “normal working hours”,
there may be an argument to routinely extend the
length of trauma lists to the twilight period to achieve
better outcomes and aid qualification for the economic
incentive described above.

Limitations

Our study does have limitations. The NHFD is an
internet-based data collection system that was set up in
2007 following the long term success of databases such
[23]
as the Scottish Hip fracture audit . It collates a wealth
of information making it a powerful clinical audit tool,
especially as data is collected prospectively. As with any
database the information available is subject to error
during data entry. Some fields such as were missing for
certain patients resulting in exclusion of patients from
our study. Importantly, baseline characteristics were not
statistically different between weekday and weekend
groups, either prior to or following exclusion though.
The risk of future missing data has been minimised
by appointment of an elderly trauma nurse specialist
whose role includes ensuring accuracy, appropriateness
and completeness of database entries.
We chose to maximise the number of patients
we could analyse by including all patients who we
could ascertain 120-d mortality data. In addition, it
was necessary to amalgamate some groups to allow
analysis, as individual groups (e.g., those with ASA
4 or 5) would not have contained sufficient patients
otherwise. Future studies should aim to explore if any
difference exists in the longer term, for instance at 1
year, and should be of sufficient size to have adequate
numbers in each category for analysis.

Messages for clinicians and policy makers

Our data reveals that the overall 30-d mortality for
patients presenting with hip fractures to our unit
between April 2009-September 2011 was 5.4%. This is
[3]
notably better than the widely reported figure of 10% ;
this lower rate has been previously acknowledged and
[22]
commended . We have an established orthogeriatric
service which directs peri- and post-operative medical
optimisation of these patients. Regular medical input
by such a team allows a continuity of care not afforded
by previous systems where issues were dealt with by
the on-call medical registrar of the day. In addition,
our multidisciplinary rehabilitation team includes
regular input from trauma nurse specialists, and 7
d/wk physiotherapy and occupational therapy service,
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Future work

The management of hip fracture and resources avail
able at different trusts vary considerably; it was the
recognition of this fact which initiated the immense
nationwide effort towards clinical governance outlined
in this paper. Accordingly, it would be naïve to infer that
the findings described at our tertiary referral centre
hold true for all other hospitals in the United Kingdom.
Previous studies have suggested that weekend effects
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[7]

observational report, it is an interesting study of weekend effect on hip fracture
patients. Experiments are generally well conducted and the manuscript is well
written.

are amplified in teaching hospitals . This may not
be the case in hip fracture surgery, if indeed there is
a weekend effect to be found in other hospitals. The
NHFD does however represent a useful instrument with
which to analyse this potential weekend effect on a
national basis, perhaps including a comparison between
outcomes at teaching vs district general hospitals, as
[7]
has previously been done in other countries .
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Abstract

Informed consent statement: All study participants or their
legal guardian, provided informed written consent prior to study
enrolment.

AIM
To compare the outcomes of displaced distal radius
fractures treated with volar locking plates and with im
mediate postoperative mobilisation with the outcomes of
these fractures treated with modalities that necessitate 6
wk wrist immobilisation.

Conflict-of-interest statement: There are no conflicts of interest
declared.

METHODS
A prospective, randomised controlled single-centre trial

Clinical trial registration statement: The study was registered
with Clinical Trials.gov (NCT00809861; DCDRS00407).
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was conducted with 56 patients who had a displaced
radius fracture were randomised to treatment either
with a volar locking plate (n = 29), or another treatment
modality (n = 27; cast immobilisation with or without
wires or external fixator). Outcomes were measured at
12 wk. Functional outcome scores measured were the
Patient-Rated Wrist Evaluation (PRWE) Score; Disabilities
of the Arm, Shoulder and Hand and activities of daily
living (ADLs). Clinical outcomes were wrist range of
motion and grip strength. Radiographic parameters were
volar inclination and ulnar variance.

the population sustaining a fracture at some point in their
[1-3]
life . Despite the lack of clear evidence, the treatment
of distal radius fractures with volar locking distal radius
plates (VLDRPs) has become increasingly popular in the
[4-8]
last decade . The driving force behind the development
of VLDRPs was dissatisfaction with the results of
conventional treatment modalities. Volar locking plates are
[9-11]
expensive
, but they are the only modality that allows
distal radius fracture treatment without postoperative
immobilisation. All other treatments necessitate between
four and eight weeks of wrist immobilisation. Several
studies show that these theoretical advantages of VLDRP
[12-22]
seem to be equalized after twelve to 24 mo
. The data
on short-term benefits are still unclear, because patients
treated with VLDRP still often have their wrists immobilised
postoperatively, rather than being allowed to use as
[12-22]
tolerated
. There are only a few studies that specifically
[23,24]
allow immediate postoperative mobilisation
, however
they did not report on short-term outcomes. The aim
of our study was to evaluate short-term results of distal
radius fracture treatment with VLDRP and with immediate
postoperative wrist mobilisation as tolerated compared to
treatment modalities with six weeks immobilisation (closed
reduction and casting; Kirschner (K-) wires and casting;
external fixation).

RESULTS
Patients in the volar locking plate group had significantly
better PRWE scores, ADL scores, grip strength and range
of extension at three months compared with the control
group. All radiological parameters were significantly better
in the volar locking plate group at 3 mo.
CONCLUSION
The present study suggests that volar locking plates
produced significantly better functional and clinical
outcomes at 3 mo compared with other treatment
modalities. Anatomical reduction was significantly more
likely to be preserved in the plating group. Level of
evidence: Ⅱ.
Key words: Volar locking distal radius plate; Prospective
randomised controlled; Postoperative mobilisation; Distal
radius fracture; Short-term outcome

MATERIALS AND METHODS
Study design

We carried out a randomised controlled single-centre
trial involving patients presenting with distal radial
fractures. The study was approved by the Queensland
Health ethics committee (approval No. EC00407) and
was registered with Clinical Trials.gov (NCT00809861;
DCDRS00407).

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study suggests that the treatment
of distal radius fractures with volar locking distal radius
plates and immediate postoperative mobilisation produces
better functional, radiological and clinical outcomes at
three months compared with other treatment modalities
which necessitate six weeks immobilisation post fracture.
Short term outcomes are very important in our view, as
early mobility potentially means earlier return to activities
of daily life and return to work for younger patients and
remaining functionally independent for the elderly. Future
studies should focus on cost savings gained by earlier
return to activities of daily living.

Setting and participants

The study was conducted at a regional general hospital
in Mackay, Queensland, Australia, between June 2009
and December 2013.
The study participants were recruited by two of
the study authors (Herwig Drobetz and Lidia Koval).
Consecutive patients presenting with distal radial
fractures were invited to take part in the trial. The
principle researcher was responsible for collecting data.
Demographic information was collected for all patients,
as well as clinical information regarding presence of
osteoporosis, diabetes, or any other predetermined
significant medical conditions. Fracture type was recorded.
At the end of the recruitment period the principle and
associate investigators re-examined hospital records to
fill in any missing data.

Drobetz H, Koval L, Weninger P, Luscombe R, Jeffries P,
Ehrendorfer S, Heal C. Volar locking distal radius plates show
better short-term results than other treatment options: A prospective
randomised controlled trial. World J Orthop 2016; 7(10): 687-694
Available from: URL: http://www.wjgnet.com/2218-5836/full/v7/
i10/687.htm DOI: http://dx.doi.org/10.5312/wjo.v7.i10.687

Eligibility criteria

All patients over the age of 18 years presenting to the
Emergency Department or Fracture clinic with a distal
radial fracture were eligible to participate in the study.
Patients who had bilateral wrist fractures, compound
fractures, a concurrent ipsilateral upper limb injury, a past

INTRODUCTION
Distal radius fractures are the most common type of
fracture of the human skeleton, with about ten percent of
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Enrolment

Assessed for eligibility (n = 324)

Randomized (n = 56)

Excluded (n = 268)
Patient declined participation
80 (29.8%)
Bilateral wrist fracture
10 (3.7%)
Chronic regional pain syndrome
15 (5.6%)
Previous wrist / upper limb pathology
38 (14.1%)
Ipsilateral upper limb injury
12 (4.5%)
Unable to give informed consent
6 (2.2%)
Doctor did not adhere to study protocol
16 (5.9%)
Doctor did not recruit patient into study 91 (33.9%)

Allocation

Allocated to intervention (VLDRP) (n = 29)

Allocated to control group (other treatment) (n = 27)
Plaster cast immobilisation (n = 16)
K-wire fixation and plaster cast immobilisation (n = 3)
external fixator (n = 3)
External fixator and K-wires (n = 5)

Follow-up

Lost to follow-up (n = 5)
Patients did not show up for follow up
appointment and were not contactable

Lost to follow-up (n = 1)
Patient moved interstate

Analysis
Analysed (n = 24)

Analysed (n = 26)

Figure 1 Consort flowchart of enrolment, exclusion, randomisation and follow up of patients. Patients were not recruited because they were overseas tourists
or travelling or planning to move within the next twelve weeks.

history of chronic pain syndrome or history of pathology
of ipsilateral extremity (including ipsilateral wrist) or who
were unable to give informed consent were excluded
from the study. Patients were also not included if the
treating doctors concluded that they could not adhere to
the study protocol (Figure 1).

wk postoperatively.
Control group (non-operative, K-wire fixation and
external fixator): The patients in the control group
received either: Closed reduction and casting (n = 16);
closed reduction, K-wire fixation and casting (n = 3);
or closed reduction and external fixation with (n = 5)
or without (n = 3) additional K-wires (Figure 1). The
same cohort of surgeons who performed the operations
in the intervention group also treated the patients in
the control group and were free to choose the control
group treatment modality. All patients in the control
group had their wrist immobilised for six weeks. K-wires
and/or external fixators were removed at six weeks.
The patients were seen weekly for cast checks/changes
or pin checks. Patients were referred for physiotherapy
after removal of the cast or external fixator. All patients
were then seen again at 12 wk.

Technique

All operations were performed by three consultant
surgeons (including the principal investigator) at the
Mackay Base Hospital Department of Orthopaedic
surgery. The following technique was used.
Intervention (VLDRP): The fracture was approached
using a volar Henry approach, reduced under fluoroscopic
guidance and stabilised with a volar locking distal radius
plate. All plates used were Synthes® (Synthes GmbH,
Solothurn, Switzerland) VLDRPs, although different
models (fixed and variable locking plates with either
single or multiple distal screw holes). No bone graft or
other void fillers were used. Postoperatively, patients
were allowed to immediately use their wrist as tolerated
without splinting or any other form of immobilisation.
Patients were usually discharged from the hospital
the day after the operation and were referred to a
physiotherapist. The patients were seen at 2, 6 and 12

WJO|www.wjgnet.com

Recruitment and randomisation

All patients gave written informed consent before enrolling
in the study. After agreeing to participate, patients were
randomised using computer generated random numbers
and opaque sealed envelopes. The principle investigator
enrolled patients and assigned participants to their groups.
All participating patients received written instructions on
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post-operative care.

and control groups. The sample size was set to a
total of 46 patients to allow for drop out. The sample
size calculation was based on the clinically significant
difference for DASH in 2008 being considered to be 20.

Outcomes

Follow up was conducted at 12 wk and comprised
patient reported (functional), clinical and radiological
outcomes. Only the principle investigator performed the
assessments.

Statistical analysis

All analysis was based on the intention-to-treat principal.
Depending on the distribution, numerical data was
described as mean value and SD or median value
and inter-quartile range (IQR). Comparisons between
intervention and control groups were conducted using
bivariate statistical tests of the statistical programme
SPSS (SPSS for Windows, version 22, SPSS Inc., Chi
cago, IL, United States). P-values less than 0.05 were
considered to be statistically significant.

Functional assessment: Two self-administered standard
questionnaires were given to the study participants
[Disabilities of the Arm Shoulder and Hand (DASH)
[25]
Outcome Measure and Patient Rated Wrist Evaluation
[26]
(PRWE)] to measure disability at the three-month visit.
Patients were assessed for their ability to perform activities
of daily life (ADL) by being asked if they had resumed
driving, and if employed if they had resumed working.
They were further asked to grade their ability to perform
ADLs into five categories (Group 1 = 100%; Group 2 =
75%-100%; Group 3 = 50%-75%; Group 4 = 25%50%; Group 5 = 0%-25%). Not being able to drive or
work at the 3 mo mark immediately precluded patients
from classification into group 1 or 2. The measurement
of ADLs was considered to be a secondary outcome
measurement.

RESULTS
Of the total of 324 patients who presented with distal
radial fractures during the study period from November
2009 to December 2013, 268 patients were excluded. Of
the remaining 56 patients, 29 patients were randomised
to the intervention (VLDRP) group, and 27 to the
control (other treatments) group. A total of six patients
were eventually lost to follow up because they failed to
return for the 3-mo review. Follow up was completed in
50/56 (89%) randomised patients (Figure 1). Patients
who completed the trial did not differ demographically,
clinically or in terms of fracture severity from the group
who were eligible for recruitment.

Clinical assessment: The range of movement of the
wrist was assessed with use of a standard goniometer.
Wrist strength was measured with use of a dynamometer
(Jamar Hydraulic Hand Dynamometer; Lafayette Instru
ment®, Lafayette, IN, United States). All clinical ass
essments were performed by the principle investigator
(Herwig Drobetz) to reduce inter-observer variability.

Comparisons at baseline

There were no significant differences between the
intervention and the control groups at baseline (Table 1).
Fracture types were comparable between groups.

Radiological assessment: Radiographs of the wrist
taken pre-operatively, post reduction/postoperatively
and at three months were assessed for study purposes.
Volar tilt of the distal radius joint surface and anteriorposterior radial inclination were measured in degrees
and ulnar variance as an indicator of radius shortening
was measured in millimetres. Negative values for volar
tilt represent dorsal tilt, and negative values for ulnar
variance represent an ulna that is shorter than the
radius. All radiological measurements were made by
an independent assessor (Paula Jeffries) and validated
by a radiologist. It was pre-determined that any interobserver discrepancy of > 15% would trigger another
review.

Functional/clinical outcomes

The PRWE scores were significantly better in the VLDRP
group than the control group at three months. The mean
score in the VLDRP group was 21 compared to a mean
score of 47 in the control group. This is also clinically
significant as the minimum clinically important difference
[27,28]
(MCID) is between 11 and 14 for the PRWE score
.
ADLs were significantly better at three months in the
VLDRP group. Twenty patients were able to drive or work
at 3 mo (group 1 or 2) in the VLDRP group compared
with 15 patients in the control group (Table 2). The DASH
scores were also better but this did not reach statistical
significance. Wrist extension was significantly better in
the VLDRP group as well as grip strength.

Sample size

Sample size was calculated on the basis of the validated
DASH scale, in which a 20-point difference is considered
to be clinically significant. Group sample sizes of 21 and
21 achieve 82% power to detect a difference of 20.0
between the null hypothesis assuming that both group
means are 40.0 and the alternative hypothesis that the
mean of group 2 is 20.0 with estimated group standard
deviations of 20.0 and 20.0 and with a significance level
(alpha) of 0.025 using a two-sided two-sample t-test.
Therefore 21 patients were required in the intervention
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Radiological outcomes

At 3 mo, all radiological parameters were significantly
better in the VLDRP group than in the control group (Table
3).

Complications

In the VLDRP group we observed five complications
in five patients at the three month follow up visit:
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Table 1 Baseline comparisons of intervention (volar locking
distal radius plate) and control (other treatments) group

Table 3 Radiological parameters at presentation, post reduction,
and 3 mo follow-up

Intervention group Control group
n = 24
n = 26
Patient characteristics
Mean age (SD)
Gender F (M)
% Osteoporosis
% Diabetes mellitus
% With medical condition1
Dominant hand
Fracture classification
A2
A3
B2
C1
C2
C3

51.1 (16.0)
15 (9)
43
5
25
9

52.5 (16.5)
13 (13)
47
4
29
12

0
4
3
7
8
2

2
7
3
6
7
1

VLDRP group Control group P -value
n = 24
n = 26
Injured wrist at presentation
Volar slope (degrees)
Radial inclination (degrees)
Ulnar variance (mm)
Injured wrist post-reduction
Volar slope (degrees)
Radial inclination (degrees)
Ulnar variance (mm)
Injured wrist 3 mo
Volar slope (degrees)
Radial inclination (degrees)
Ulnar variance (mm)

Medical conditions recorded were COPD (3), Patient on aspirin or clopidogrel
(5); oral steroids (1); continuous inhaled steroids (2); ischaemic heart disease (2).
F: Female; M: Male.

VLDRP group Control group P -value
n = 24
n = 26
50 (24)
47 (40)

0.063
0.0071

64 (29)

42 (32)

0.0121

60 (21)
65 (48)
70 (31)
82 (25)

49 (22)
48 (27)
68 (26)
79 (24)

0.072
0.0211
0.805
0.677

19
1
4
0
0

10
5
7
2
2

0.0361

4.7 (5.4)
19.6 (4.5)
0.1 (0.6)

0.08(7.25)
18.69(4.52)
0.4 (1.4)

0.011
0.45
0.146

3.5 (4.6)
19.3 (4.4)
0.9 (1.3)

-5.4 (11.6)
15.37 (7.0)
2.1 (1.9)

0.0011
0.0541
0.0111

DISCUSSION
The results of our study suggest that clinical and radiolo
gical outcomes are superior in the VLDRP group when
compared to treatment modalities that necessitate six
weeks of wrist immobilisation at the 3-mo mark.
Currently there are no clear evidence based guidelines
[28]
for the best treatment of distal radius fractures . There
have been many encouraging results with the use of
[29-34]
VLDRPs
but other authors reported similar favourable
[13,16,21,22,35]
results with other treatment modalities
.
As mentioned in the introduction, many studies
show that after one to two years the results of all
treatment modalities are similar and there are no longer
any significant differences. This fact is often used as an
argument against the use of VLDRPs. We do not agree,
as the short-term outcomes of treatments are important
for patient quality of life and morbidity. Getting back
to work 6 wk earlier or, for elderly patients, staying
independent can make a significant difference. This
might also have an economical impact, as the Medicare
savings with earlier return to ADLs can potentially
offset the costs for the more expensive treatment with
VLDRPs.
Furthermore, it holds true for almost every fracture
we treat that long-term outcomes are similar regardless
of the treatment, but short-term outcomes are favourable
for the more invasive treatment modalities. Tibial shaft
fractures treated with intramedullary nails show excellent
functional short-term results. After 12 to 24 mo, however,
the results are not significantly different from treatment
of these fractures with cast immobilisation or an external
[36]
fixator, both of which are significantly cheaper options .
However, due to increased patient demands, the ability

The values are given as the mean and (standard deviation). 1Indicates
significant result. The DASH is a validated, self-reported thirty item metric
of upper-extremity function based on a 100 point scale, with 0 points
indicating no disability and 100 points indicating maximum disability.
The PRWE is a 15-item questionnaire designed to measure wrist pain
and disability in activities of daily living. The PRWE allows patients to
rate pain and disability from 0 to 10, with 10 being worst pain/unable to
perform an activity. ADL: Activities of daily life; VLDRP: Volar locking
distal radius plate; DASH: Disabilities of the Arm Shoulder and Hand;
PRWE: Patient-Rated Wrist Evaluation.

Flexor tendon rupture, n = 1 (patient refused tendon
reconstruction); carpal tunnel syndrome, n = 1 (patient
underwent nerve release after 6 mo); Chronic Regional
Pain Syndrome (CRPS), n = 1. Two patients did not like
“having a plate inside my body” and the plates were
subsequently removed 4 mo postoperatively. There
were no intra-operative or immediate postoperative
complications.
In the control group we observed seven complications
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0.241
0.021
0.285

in seven patients: Malunion, n = 2 (1 of which subsequently
had a corrective osteotomy due to functional deficits);
CRPS, n = 2; infected K-wires which had to be removed
early, n = 3.

Table 2 Functional and clinical outcomes at 3 mo

40 (12)
21 (20)

-13.4(14.4)
14.2 (9.4)
2.3 (3.3)

The values are given as the mean and (standard deviation). 1Indicates
significant result. VLDRP: Volar locking distal radius plate.

1

DASH (points)
PRWE (points)
Grip strength (% of grip
strength of uninjured limb)
Range of motion (in degrees)
Flexion
Extension
Pronation
Supination
ADLs
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

-17.2 (17.2)
8.7 (7.6)
2.5 (2.2)
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[10,11]

to mobilise early and the fact that the overall short-term
benefits are significantly greater, intramedullary nailing
of tibial shaft fractures has become the gold-standard
treatment.
There are several limitations to our study. Various
factors influence the outcomes of distal radius fractures
and although information on as many variables as
possible was recorded, it proved difficult to ensure
that baseline data was comparable. For example, the
prevalence of osteopenia or osteoporosis was not verified
by a computer tomography or bone densitometry but we
used information from the patient’s history or GP. Surgical
training and technique of the surgeons involved is a
potential confounder, which would be difficult to quantify
and was not recorded. The study was not blinded, as the
nature of surgical procedures, and related postoperative
care cannot realistically be masked to patients and staff,
and resulting scars preclude the blinding of a blinded
independent outcome assessor.
DASH and PRWE, although validated questionnaires,
are still subjective scores and especially the DASH has
[37,38]
a lower specificity in reporting wrist problems
. The
clinical measurements may be subject to inter and intraobserver variation, although one clinician completed
all measurements to reduce inter-observer error.
Radiological measurements may also be subject to intra
and inter-observer error. Two observers including a
radiologist checked all radiographs to reduce errors.
We asked the study participants to subjectively rate
their ability to perform specific ADLs with their injured
wrist, compare them to their uninjured wrist and then
quantify them. We are aware that this is not a validated
score but to our knowledge there is no validated wrist
[39]
specific ADL score available yet . The number of
patients reporting full return to ADLs after twelve weeks
in the VLDRP was, however, significantly higher than in
the control group.
Another limitation is that the study had three different
treatment types in the control arm. However, we felt it
was unethical to use a single treatment modality as the
control group for the purposes of the study, and we feel
that this heterogeneous control group represents the
“real-life” situation. Our main outcome measure was to
see the effect of six weeks immobilization vs immediate
mobilization.
There are some important strengths of this study.
To our knowledge this is the first study that looked
at immediate mobilisation vs immobilisation for the
treatment of distal radius fractures. The study showed
that distal radius fractures treated with VLDRP can
be treated with immediate postoperative mobilisation
without secondary loss of reduction. In a setting like
Northern Queensland, where many patients live up
to 600 km away from the hospital this constitutes an
important factor as the number of follow up visits can
potentially be significantly reduced. Treatment with
plaster cast or external fixator necessitates more follow
up visits and is generally more involved. While recent
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European studies
show significant cost savings with
the use of K-wires over volar locking plates, this might
be different in a regional Australian setting.
In conclusion, the evidence for using VLDRPs for the
treatment of distal radius fractures is still a matter of
debate and in addition to efficacy; costs and adverse
effects should be taken into account. However, our
study showed that in the short-term, the functional,
clinical and radiological outcomes were superior in
the VLDRP group in comparison to other treatment
methods. We strongly believe we should concentrate on
the early outcomes of distal radius fracture treatment
with VLDRPs and not resign ourselves to the fact that
“after time, they are all the same”. Therefore, the
results of this study could encourage the judicial use
of VLDRPs for the treatment of distal radius fractures.
Future studies should focus on cost savings gained by
earlier return to ADLs.

COMMENTS
COMMENTS
Background

Despite the lack of clear evidence, the treatment of distal radius fractures with
volar locking distal radius plates (VLDRPs) has become increasingly popular
in the last decade VLDRPs are the only treatment which allows distal radius
fracture fixation without the need for postoperative immobilisation. Several
studies show that advantages of VLDRP seem to be equalized after 12 to 24
mo, but there are little data available on short-term benefits of VLDRPs when
combined with early mobilisation.

Research frontiers

The treatment of distal radius fractures with VLDRPs has been an area of
increased research interest in the last ten years. Recently, many authors have
focused on the fact that outcomes when compared with non-operative treatment
are similar after 12 to 24 mo. There have also been recent publications showing
that volar plating is significantly more expensive when compared to other
treatment modalities. There are, however only very limited data on return to
work and function in the short term. Earlier return of function and ability to work,
which is potentially possible with volar locking plates could mean significant
overall cost savings when compared to other treatment options which
necessitate 6 wk of immobilisation.

Innovations and breakthroughs

The study showed that VDRLP produced significantly better functional and
clinical outcomes at 3 mo compared with other treatment modalities. The study
also showed that VLDRP patients can perform activities of daily life significantly
earlier than patients who need 6 wk of wrist immobilisation. The study is the
only study to the knowledge which allowed immediate postoperative wrist
mobilisation after plating with VLDRPs. This allows accurate determination of
early functional results, which in our opinion are crucial. All other studies the
authors looked at immobilised the wrist for 2 to 4 wk postoperatively.

Applications

Short term benefits are very important, as they translate into the ability for
patients to return to work earlier, improve patient quality of life and might have
overall cost savings when patients can return to work potentially 6 wk earlier
than patients treated with casts or external fixators.

Terminology

VLDRPs have been in clinical use since 1997. The difference to traditional
plates is that the screws are connected to the plate in an angle stable fashion,
mostly by a thread in the plate hole and in the screw head. This effectively
creates a rake like construct. The stiffness of the construct and its ability to
withstand deforming forces are therefore not dependant of the bone quality
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anymore, as opposed to traditional plates, which need friction between bone
and plate to create sufficient construct stiffness. This allows treatment of
fractures from the “biomechanically wrong” volar side of the wrist - easier
approach and better soft tissue coverage of the implants. It also allows
immediate postoperative mobilisation of the wrist, a unique feature of VLDRPs.

14

Peer-review

15

It is a random controlled study involving patients presenting with distal radial
fractures. Based on better functional, clinical and radiological outcomes at
short-term follow-up, the authors encourage the use of volar locking plates for
the treatment of distal radius fractures. The study is well designed and the data
is reliable.
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Abstract
Although laminar screw fixation is often used at the
C2 and C7 levels, only few previous case reports have
presented the use of laminar screws at the C3-C6 levels.
Here, we report a novel fixation method involving the
use of practical laminar screws in the subaxial spine. We
used laminar screws in the subaxial cervical spine in two
cases to prevent vertebral artery injury and in one case
to minimize exposure of the lamina. This laminar screw
technique was successful in all three cases with adequate
spinal rigidity, which was achieved without complications.
The use of laminar screws in the subaxial cervical spine is
a useful option for posterior fusion of the cervical spine.
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Core tip: Laminar screw fixation is often used at the C2
and C7 levels, however, only few previous case reports
have presented the use of laminar screws at the C3-C6
levels. In this article, the authors describe a novel fixation
method involving the use of laminar screws in the subaxial
spine with adequate spinal rigidity, which was achieved
without complications.
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A

INTRODUCTION
Posterior surgical stabilization for instability of the
cervical spine can be achieved using various techniques.
[1,2]
Traditionally, posterior wiring methods have been used .
Recently, methods involving the use of screws and rods,
[3]
[4]
including pedicle , lateral mass , and transarticular
[5]
screws , have been widely applied because of the
resulting biomechanically rigid stabilization. However,
screw insertion is associated with a high risk of injury
to the vertebral artery because of differences in the
position of the foramen transversarium of the cervical
spine, the size of the pedicle of the vertebral arch, and
the course of the vertebral arteries among patients.
Furthermore, the malposition of these screws can cause
serious complications, including massive hemorrhage,
[6-8]
neurological deficits, and possible death . Here, we
describe a novel fixation method involving the use of
laminar screws in the subaxial spine for posterior fusion
of the cervical spine.

B

C

CASE REPORT
Case 1

A 32-year-old man with neck pain had an asymptomatic
dumbbell-shaped schwannoma with highly destructive
changes observed on radiography (Figure 1). Preo
perative magnetic resonance imaging (MRI) showed
narrowing of the right vertebral artery due to pressure
from the tumor. Subsequently, tumor resection was
performed using a posterior approach with total
facetectomies of the right C2-3 through C6-7 levels.
Reconstruction was achieved using C2-C6 laminar screw
fixation (3.5 mm in diameter); the screws were placed
in the left lamina to avoid injuring the vertebral artery on
the dominant side. Minimal canal invasion by the screw
at the C6 level without any resulting neurological deficit
was noted. The remaining screws were appropriately
placed (Figure 1).
The patient’s post-surgical course was uneventful. At
5 years postoperatively, his neck pain disappeared and
solid bone fusion was achieved with no instrumentation
failure (Figure 1).

D

Case 2

Figure 1 Case 1. A: A magnetic resonance imaging scan image showing a
dumbbell-shaped schwannoma at the C3 level; B, C: Computed tomography
images showing an appropriately inserted C4 laminar screw (B) and a C6
laminar screw with minimal canal invasion (C); D: A roentgenogram showing
solid bone fusion after C2-6 laminar screw fixation.

A 15-year-old girl had a Ewing’s sarcoma that involved
the right C7 and C8 nerve roots. She began to feel
right arm numbness at 12 years of age, and she was
diagnosed with a cervical tumor on MRI. In the same
year, hemilaminectomy of the right C6 and C7 levels,
medial facetectomies of the right C6-7 and Th1 levels,
and tumor resection were performed. Pathology of
the resected tissues confirmed Ewing’s sarcoma. Post
operatively, chemotherapy and radiotherapy were

WJO|www.wjgnet.com

repeated.
Two years postoperatively, recurrence of the tumor
was detected on MRI. However, no neurological deficits
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A

B

C

Figure 2 Case 2. A: A magnetic resonance imaging scan image showing a Ewing’s sarcoma involving the right C7 and C8 nerve roots (arrows); B: Roentgenograms
showing the laminar screws, which are placed at the C6–Th1 levels with a preoperative embolic coil in the right vertebral artery (arrows); C: A computed tomography
image showing a C6 laminar screw penetrating the facet joint and a preoperative embolic coil (arrows).

A

B

C

C2

C7

Figure 3 Case 3. A: A magnetic resonance imaging scan image showing severe cervical kyphosis with junctional canal stenosis at the C2-3 levels; B:
Roentgenograms showing posterior arthrodesis performed using occipital plates, C2 pedicle screws, and laminar screws at the C3-C6 levels; C: A computed
tomography image showing an appropriately inserted C3 laminar screw.

were observed. The tumor was dumbbell-shaped and
was located in the intra- and extra-foraminal areas of
the C6-7 and C7-Th1 levels (Figure 2). Revision surgery
was performed after embolization of the right vertebral
artery. Using the posterior approach, laminar screws
were inserted at the left C6-Th1 levels to avert the risk
of injuring the dominant vertebral artery (Figure 2).
Total facetectomies of the right C6-7 and Th1 levels
and tumor resection of the right C7 and C8 nerve roots
were performed. Additional tumor resection using an
anterolateral approach was performed according to the
[9]
method described by Hodgson .
From the day after the operation, she could walk
with a soft neck brace, and she exhibited no neurological
deficits other than a dropped finger. Two years after
the second operation, recurrence of the tumor was
detected, and it was treated with chemotherapy. The
laminar screws continued to remain rigidly fixed.

conservatively treated for 4 years. She had cervical
myelopathy due to an unstable C2-3 joint with marked
kyphosis at the C3-6 levels (Figure 3). Because the
laminae were very thick, a laminar screw system was
selected for cervical fixation. After decompression with
partial laminectomy at the C2-3 level, posterior cervical
spinal arthrodesis was performed using occipital plates,
C2 pedicles, and laminar screws at the C3-C6 levels (3.5
mm screws) with less exposure outside of the lateral
mass.
Postoperatively, the patient was mildly immobilized
with a soft neck brace, and her post-surgical course was
uneventful. At 4 years postoperatively, her neck pain
greatly improved and excellent postoperative stability
was noted (Figure 3).

DISCUSSION
Here, we reported a novel fixation method involving
the use of practical laminar screws in the subaxial
spine. Posterior cervical fixation has often been used
for stabilizing the cervical spine, correcting deformities,
and easing the symptoms of degenerative diseases.
Recently, fixation methods involving screws and rods

Case 3

A 61-year-old woman experienced neck pain and loss
of fine motor control of her hand, and 1 year later, she
was referred to our hospital for treatment. She had
a history of tuberculosis at 8 years of age, which was
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A

B

C

D

Figure 4 Surgical procedures. A: Create a small cortical window at the junction of the C3 spinous process and the lamina on the right; B: Using a hand drill,
carefully drill along the length of the contralateral (left lamina), with the drill visually aligned among the angle of the exposed contralateral laminar surface; C: Insert a 3.5
mm diameter polyaxial screw along the same trajectory in the left C3 lamina. Palpate the ventral lamina with a Penfield dissector to verify that no cortical breakthrough
into the spinal canal has occurred; D: Using the same technique as above, insert a 3.5 mm diameter polyaxial screw into the left C4 lamina. Place appropriate rods
into the screw heads and attach to C3 and C4 screws.
[16]

have become standard, because greater advantages
with regard to stabilization and fusion rates of the
posterior cervical spine were noted with screw fixation
[3,10-12]
methods than with posterior wiring methods
.
Although cervical pedicle screws are the most
[13]
biomechanically stable screws , their use requires an
advanced surgical technique and they are associated with
[14]
the risk of neurovascular complications . To prevent
injuring the vertebral artery, pedicle screws should not
be used in cases involving the dominant side (e.g., cases
1 and 2). Although the risk of vertebral arterial injury is
lower with lateral mass and transarticular screws than
with pedicle screws, lateral mass and transarticular
screws are difficult to use after facetectomy. Moreover,
unilateral use of these screws does not provide sufficient
rigidity.
A laminar screw method, which was first reported
[15]
by Wright in 2004, uses two screws that are inserted
crosswise into the lamina of the axis to prevent vertebral
artery injuries and safely perform fixation. Although
some authors have reported the use of this method in
[16-18]
the subaxial lamina of C7
, only two previous studies
are present on the use of laminar screws elsewhere in
[19,20]
the cervical spine
. These previous studies did not
report sufficient rigidity because thin 1.6 or 2.0 mm mini[19]
screws were used with a mini-plate for fixing the open
[20]
lamina at the C3-6 levels or an auxiliary laminar screw
was inserted at the tip of the C3 lamina accompanied
with rigid bilateral C1 lateral mass screws. To our
knowledge, our case report is the first to describe the
use of practical laminar screws in the subaxial cervical
spine. Surgical procedures of subaxial laminar screwing
are illustrated in Figure 4.
This new laminar screw technique has four advant
ages. First, it precludes the risk to the vertebral artery,
because the path of the screw is present only in the
posterior elements. Second, it is less invasive because of
the limited lateral cervical exposure. Third, biomechanical
stability with laminar screws is similar to that with pedicle
screws, as determined previously by the measurement
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of pullout forces . Additionally, surgeons can obtain
good rigidity by penetrating the facet joints as shown
in cases 1 and 2, and using laminar screws with lateral
mass screws as shown in case 3. Fourth, intraoperative
navigation systems are not needed, because the screws
can be inserted into the lamina under direct vision.
[21]
Nakanishi et al have pointed out that the laminar
screw technique poses a risk to the ventrally located
spinal canal that is not easily observed. However, we
believe that this risk may be reduced by using a Penfield
dissector to detect canal violation following the removal
of the flavum ligaments between the laminae. Another
disadvantage is that laminar screws with a diameter of
3.5 mm cannot be used at the C3-7 levels in all patients.
[16]
Cardoso et al measured the diameter of the vertebral
arch using a computed tomography (CT) navigation
system and reported that the insertion of screws with a
diameter of 3 mm was only possible in 2%-39% of male
and 0%-26% of female patients at the C3-7 cervical
[21]
spine . However, other authors reported significantly
greater C7 laminar thickness with caliper measurements
than CT measurements. Therefore, the underestimation
of laminar thickness using CT may provide a margin of
safety when placing screws into laminae that measure
close to 3.5 mm on CT.
Preoperative measurements of the laminar diameter
and evaluation of the vertebral arteries by using CT and
magnetic resonance angiography are important. We
believe that the use of laminar screws in the subaxial
cervical spine is a viable salvage option for cases that
have failed pedicle screw fixation. The accumulation of
further data from the treatment of additional cases is
required to clarify the indications for and limitations of
using the laminar screw technique at the C3-6 levels.
In conclusion, the findings in our cases suggest that
the use of the laminar screw technique in the subaxial
cervical spine is feasible, as it provides sufficient spinal
rigidity. Laminar screws are considered useful for avoiding
arterial injuries, and the laminar screw technique is a
viable salvage technique.
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Case characteristics

8

Three cases are discussed with reports of posterior surgical stabilization for
instability of the cervical spine.

Clinical diagnosis

Tumor was diagnosed for the first two cases. Cervical myelopathy was the
clinical diagnosis for the third case.

9

Imaging diagnosis

10

Magnetic resonance imaging was done to for all cases to establish the cause of
the problem.

Pathological diagnosis

11

Pathology analysis was conducted for the 15-year-old female case for
confirming the diagnosis of Ewing’s sarcoma.

Treatment

12

For the first case, a 32-year-old male, tumor resection was performed and
reconstruction was done using screw fixation. For the 15-year-old female
case, tumor resection was performed and postoperatively chemotherapy and
radiotherapy was performed. For the 61-year-old female case, cervical fixation
was done.

13

Experiences and lessons

A novel fixation method has been reported with use of practical laminar screws
in the subaxial cervical spine. This method reduces the risk to the vertebral
artery, is less invasive, provides biomechanical stability and the screws can be
inserted with direct vision. Additional cases are needed to clarify the indications
and limitations for using laminar screw technique.

15

Peer-review

16

14

This is a good case report with medium term result in one patient and will add
to the body of literature for posterior cervical fusion.
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