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EDITORIAL

Complications in the management of metastatic spinal
disease
Eilis Catherine Dunning, Joseph Simon Butler, Seamus Morris
rior stabilization with methacrylate or hardware (e.g.,
cages) has been advocated.Surgical decompression and
stabilization, however, along with radiotherapy, may
provide the most promising treatment. It stabilizes the
metastatic deposited areaand allows ambulation with
pain relief. In general, patients who are nonambulatory
at diagnosis do poorly, as do patients in whom more
than one vertebra is involved. Surgical intervention is
indicated in patients with radiation-resistant tumors,
spinal instability, spinal compression with bone or disk
fragments, progressive neurologic deterioration, previous radiation exposure, and uncertain diagnosis that
requires tissue diagnosis. The main goal in the management of spinal metastatic deposits is always palliative
rather than curative, with the primary aim being pain
relief and improved mobility. This however, does not
come without complications, regardless of the surgical
intervention technique used. These complication range
from the general surgical complications of bleeding,
infection, damage to surrounding structures and post
operative DT/PE to spinal specific complications of persistent neurologic deficit and paralysis.
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Abstract
Metastatic spine disease accounts for 10% to 30% of
new cancer diagnoses annually. The most frequent presentation is axial spinal pain. No treatment has been
proven to increase the life expectancy of patients with
spinal metastasis. The goals of therapy are pain control
and functional preservation. The most important prognostic indicator for spinal metastases is the initial functional score. Treatment is multidisciplinary, and virtually
all treatment is palliative. Management is guided by
three key issues; neurologic compromise, spinal instability, and individual patient factors. Site-directed radiation,
with or without chemotherapy is the most commonly
used treatment modality for those patients presenting
with spinal pain, causative by tumours which are not
impinging on neural elements. Operative intervention
has, until recently been advocated for establishing a tissue diagnosis, mechanical stabilization and for reduction
of tumor burden but not for a curative approach. It is
treatment of choice patients with diseaseadvancement
despite radiotherapy and in those with known radiotherapy-resistant tumors. Vertebral resection and ante-
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INTRODUCTION
Metastatic spine disease accounts for 10% to 30% of
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new cancer diagnoses annually[1]. The spine is the most
frequent location for skeletal metastases, found in up to
40% of patients with cancer[2]. The most common presentations are axial spinal and neurological deficit. The
clinical examination of a patient with suspected spinal
metastases should include an assessment of local tenderness, objective deformity on clinical examination, spinal
range of movement and signs of nerve root entrapment
or cord compression. Plain radiographs are obtained routinely; and for a suspected or known malignancy, radionuclide studies are essential.
Technetium-99m (99mTc) bone scintiscanning (i.e.,
radionuclide bone scanning) is widely regarded as the
most cost-effective and available whole-body screening
test for the assessment of bone metastases. Conventional
radiography is the best modality for characterizing lesions
that are depicted on bone scintiscans. Combined analysis
and reporting of findings on radiographs and 99mTc bone
scintiscans improve the diagnostic accuracy in detecting
bone metastases and assessing the response to therapy.
Computed tomography (CT) scanning and magnetic resonance imaging (MRI) are useful in evaluating suspicious
bone scintiscan findings that appear equivocal on radiographs. MRI can also help in detecting metastatic lesions
before changes in bone metabolism make the lesions
detectable on bone scintiscans. CT scanning is useful in
guiding needle biopsy, particularly in vertebral lesions.
MRI is helpful in determining the extent of local disease
in planning surgery or radiation therapy. The first screening test used for the detection of bone metastases depends on the relative availability of MRI and 99mTc bone
scintiscanning. The selection will become less of an issue
when more MRI units are established and when its cost
decreases. Factors such as cost and relatively long imaging
times, as well as considerations of patient throughput, are
important. MRI is estimated to cost 2-3 times as much
as 99mTc bone scintigraphy. Fluorodeoxyglucose (FDG)
positron emission tomography (PET) scanning costs 8
times as much.
Radiographs are relatively insensitive in the detection
of early or small metastatic lesions. Although CT scans
are superior to radiographs, CT scanning is also relatively insensitive in showing small intramedullary lesions,
and it has the disadvantage of limited skeletal coverage.
Bone scintiscan findings are sensitive but nonspecific.
Whole-body MRI and FDG-PET scanning are accurate
techniques that are currently limited by their high cost[3-5].
Biopsy is indicated whenever the histological nature of
the lesion and its degree of malignancy are uncertain.
CT-guided needle biopsy frequently fails to yield enough
representative tissue for diagnosis, particularly when only
a small portion of the tumor mass is located outside of
bone; thus, open biopsy is often a better option[6].

ciplinary and may involve chemotherapy, corticosteroids,
radiotherapy, percutaneous procedures (e.g., vertebroplasty, kyphoplasty) and surgery. Management is guided
by three key issues; neurologic deficit, spinal instability
and individual patient factors. Site-directed radiation,
with or without chemotherapy, is the mainstay of treating
painful lesions without neurological deficit[1]. Evidence
highlighting the benefits of surgical decompression, as
well as improvements in anterior spinal surgical approach
has further cemented the place of spinal surgery in the
care of these patients[1,4,5]. This role, although in theory
beneficial, does not come without complications.
Spinal metastases can occur in 3 locations; extradural,
intradural extramedullary, and intradural intramedullary. More than 98% of spinal metastases are extradural
because the dura mater provides a relative barrier for
metastatic disease[7]. Intradural, intradural extramedullary
and intradural intramedullary disease account for less
than 1% of spinal metastatic disease[8]. Both intradural
extramedullary and intradural intramedullary disease
most commonly originate from drop metastases in the
setting of patients with either primary or metastatic brain
disease[8,9]. Thoracic lesions (70%) are most often symptomatic due to the smaller space available for the spinal
cord in this region, followed by lumbar (20%) and cervical (10%) lesions[7-11]. Eighty percent of spinal metastases
involve vertebral bodies rather than posterior vertebral
elements[7,12,13].
The presentation of bony metastases includes spinal
pain, progressive deformity, pathologic fracture, radiculopathy and myelopathy. Spinal cord compression can
occur from fracture, tumor invasion, or continuous osteoblastic remodeling. Among patients with spinal cord
compression, 90% present with pain and 47% present
with neurologic symptoms[14-16]. Symptomatic spinal cord
compression occurs in 8.5% to 20% of patients with vertebral column metastases[17,18]. Radiculopathy secondary
to posterior element involvement and subsequent nerve
root impingement also can occur. Less than 35% of patients presenting with spinal cord compression are ambulatory at diagnosis[19,20]. Sensory neurologic deficit occurs
in 70% to 80%[21].

NONOPERATIVE MANAGEMENT
Corticosteroids and bisphosphonates
Although their mechanism of action is not fully understood, intravenous or oral corticosteroid use often
brings about an improvement or resolution of neurologic
symptoms and pain in patients with spinal metastases.
Experimentally they have been shown to bring about a
reduction in reactive vasogenic oedema in the spinal cord
and nerve roots[22,23]. There is, however no consensus
regarding a standard dosage regimen. Bisphosphonates
too, are now displaying a greater role in the treatment of
metastatic disease of the spine. Slowing of osteoclastic
resorption of bone is believed to help with both cancer
pain and fracture prevention. Benefit has been seen in

TREATMENT OF SPINAL METASTATIC
DISEASE OVERVIEW
Treatment for metastatic disease of the spine is multidis-
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patients with breast cancer, prostate cancer, and multiple
myeloma[24-26].
Neither of these treatment modalities come without
side effects however, and these range from mild to severe, often disimproving the quality of life of the patient.
Bisphosphonates, given either daily, weekly, monthly or
yearly, all display side effects, which are unpleasant and
often dangerous. These include gastritis and oesophagitis,
osteonecrosis of the jaw, femoral fractures and electrolyte
imbalance, particularly causing hypocalcaemia. They are
also nephrotoxic. Steroid side effects are widely known
and include bruising and thinning of skin, myopathy,
moon-like facies, psychotic mental state, blood sugar and
pressure irregularity, weight gain and decreased immunity.

tasizes still being defined. Results using laminectomy
as initial therapy either alone or with adjuvant radiation
yielded relatively poor outcomes. Laminectomy does not
provide exposure to resect lateral and anterior epidural
or vertebral body tumors. Additionally, resection of the
posterior elements without instrumentation often leads
to progressive kyphosis and increased neurologic deficits. Improved surgical outcomes have been seen using
techniques that provide exposure for more radical tumor
resection than laminectomy. Reconstruction following
these aggressive approaches is now possible using rigid
posterior segmental fixation and anterior instrumentation. These approaches include anterior, transcavitary[29,30]
and posterolateral, transpedicular[31,32]. The decision to
use a particular surgical approach is dependent on the location of the bone, epidural, and paraspinal tumor, type
of reconstruction required, patient comorbidities, extent
of disease, and surgeon’s familiarity.
Resection of the tumor and spinal fixation has resulted in dramatic improvements for both tumor-related pain
and mechanical back pain. Multiple series reporting pain
outcomes have shown a 76% to 100% improvement[33].
Neurologic outcomes are similar using both anterior and
posterolateral approaches. Functional and neurologic improvements have been seen in 50% to 76% of patients.
Additionally, patients who were operated on without a
deficit maintained function in greater than 95% of cases.
Patients with minor or no neurologic deficits represent
up to 81% of patients in some recent series[33]. This percentage of ambulatory patients is substantially greater
than the previously reported radiation literature.
As with radiotherapy, factors that impact on outcome
include preoperative neurologic and functional status and
favorable tumor histology. In a review of 101 patients
who underwent operation for metastatic spinal tumor
prior to receiving adjuvant therapy (radiotherapy or chemotherapy) for their spinal tumour operations included
posterolateral (79%), anterior transcavitary (12%), and
anterior and posterior approach surgery (9%). Ninety-six
percent of patients who were ambulatory preoperatively
maintained the ability for at least 3 mo, while only 22%
of patients nonambulatory regained ambulation for the
same duration[33]. This maintenance or recovery of function is similar to other radiotherapy data[34]. Additionally,
89% of patients maintained continence for 3 mo, but
only 31% regained autonomic function. Patients with
favorable tumor histology (e.g., breast, kidney, thyroid,
prostate) had significantly better neurologic outcome and
survival than those with unfavorable histologies (lung,
gastrointestinal tract, and unknown primary). In other
studies, local recurrence rates are significant. In this study
58% recurred after 6 mo, 69% at 1 year, and 96% after
4 years[35]. Factors predictive of low recurrence rates included preoperative ambulatory status, favorable tumor
histology, cervical level, low number of affected vertebral
bodies, complete resection, and elective surgery.
Review of multiple series shows complication rates
from surgery ranging from 10% to 52% Complications

Radiotherapy
External beam radiation is an effective treatment for many
patients with radiation-sensitive tumors. In radiosensitive
lesions, radiation therapy alone has been shown to be successful in more than 80% of patients[14]. Overall, with radiation, more than 30% of patients experience neurologic
improvement from epidural compression, and more than
60% gain significant pain relief[8,19]. Nausea, vomiting, and
radiation-induced oesophagitis are common. Delayed radiation myelopathy can occur but is rare with newer treatment plans. Radiation therapy usually is recommended
postoperatively in patients with radiosensitive tumours in
whom gross or microscopic disease remains.
Chemotherapy
Chemotherapy is rarely considered as an option for treating metastatic spinal tumors due to its systemic nature and
extended time to pain relief. Despite its gradual impact,
when successful, chemotherapy can shrink tumours and
ease pain. Introducing an additional therapy focused on
metastatic spinal tumours must ensure minimal interference with the standard chemotherapy usually prescribed
to treat the primary cancer. Chemotherapy can be divided
into antitumor drugs and drugs that prevent or ameliorate
the effects of tumor. Antitumor chemotherapy currently
plays a relatively limited role in the treatment of spinal
metastases. Antitumor chemotherapy has an important
role in the treatment of chemosensitive tumors, such as
neuroblastoma, Ewing’s sarcoma (PNET)[27] osteogenic
sarcoma, germ cell tumors, and lymphoma. Chemotherapy
may be used as primary treatment for patients with these
tumors even with epidural compression[27].Complications
of chemotherapy are probably the most widely written
about in the treatment of neoplasm, be it spinal or otherwise and they are also those most feared by the neoplastic
patient. These include pain, fatigue, hematologic abnormalities, gastrointestinal disturbance, alopecia, reduced immunity, psychological disturbance and infertility[28].

OPERATIVE MANAGEMENT
The role of surgery
The role of surgery in the treatment of spinal metas-
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A variety of surgical methods are available to treat spinal metastases. Posterior spinal decompression and stabilization can be considered the standard surgical technique
to treat metastatic disease of the thoracic and lumbar
spine. Cervical metastases may be treated with anterior decompression and corpectomy with vertebral body replacement.
The main goals of the surgery are to reduce tumor
bulk and to resect the structures bordering the spinal canal
dorsally to decompress any spinal cord compression (paraor tetraplegia). The secondary goals are to stabilize the
affected segment of the spine and to enable the patient
to be mobilized without a corset. Decompression alone,
without instrumentation, should be performed only in exceptional cases. The dorsal portion of the spinal column
normally plays the role of a tension band maintaining
alignment of the spine; and thus, when left without reconstruction, can lead to a kyphotic deformity. For patients
with a solitary spinal metastasis who are in good general
health and have a long life expectancy, the indicated procedure is anterior tumour resection with primary stabilizing instrumentation.
“En Bloc” spondylectomy, described by Tomita, is based
on sound oncologic principles. The intent of this surgery
is en bloc resection of the tumor with negative histologic
margins. This surgery is feasible as a one- or two-stage
procedure but is technically quite demanding[44]. Results
with this approach are encouraging, both in terms of
functional outcome and local control; however, we reserve
this approach for patients in whom the spine surgery is
being performed as a curative, rather than palliative procedure. Based on anatomic considerations, the majority of
patients with metastatic tumor are not candidates for this
type of surgery because of the extensive epidural disease,
multilevel vertebral body involvement, and large paraspinal masses.
In certain patient groups, neo-adjuvant therapy may be
required to enable both the resection of the primary tumour and removal of the spinal metastasis. This is particularly true if the metastasis is derived from a highly vascular
primary tumour. Preoperative embolization of tumour
vessels may reduce blood loss and enables more precise
dissection and more tumour extensive resection. The stabilization of vertebral bodies is more problematic from an
anterior approach rather than from a posterior approach,
because the vertebral bodies consist mainly of thin cortical bone, and because they are often osteoporotic. With
improved spinal instrumentation now available for the
ventral approach, patients may now be mobilized rapidly
and without a corset. After (total or partial) vertebrectomy,
the anterior column is not reconstructed with autologous
bone, but rather with metal cages, as the postoperative
radiotherapy that will be needed to prevent tumour recurrence would also impair the fusion of any bony implant.

Table 1 Surgical indications
Primary surgery
Radioresistant tumors (e.g., sarcoma, renal cell carcinoma)
Spinal instability
Pathologic fracture with bone in the spinal canal
Circumferential epidural tumor
Moderate to highly radio-resistant tumors (e.g., colon, lung)
Occult primary tumor
Post-treatment (radiotherapy/chemotherapy) surgery
Progressive neurologic symptoms
Progression of tumor with high grade spinal cord compression
Spinal instability
Rule out residual tumor post radiotherapy/chemotherapy

include deep venous thrombosis, myocardial infarct, and
pneumonia[29,30]. Surgical complications include postoperative hematoma and failed fixation requiring revision.
Wound dehiscence and infection are complications seen
predominantly with posterolateral approaches in up to
15% of cases mortality rates are as high as 13%[36-40].
Frequently these are related to the medical or oncologic
condition of the patients. As with radiotherapy, advances
in surgical technique may help improve the quality of life
for patients with metastatic spinal tumour[41,42]. Preoperative embolization for vascular tumors (e.g., renal cell, papillary thyroid carcinoma, leiomyosarcoma) dramatically
reduces operative blood loss. Surgery should be reserved
for a variety of indications (Table 1).
The five-category classification system of Harrington
for metastatic spinal tumours is based on the destruction of bone and neurological compromise[2]. Patients in
categories Ⅰ and Ⅱ are treated conservatively. Patients
in categories Ⅳ or Ⅴ are recommended for surgical
intervention. Category Ⅲ lesions represent a grey area
regarding medical as opposed to surgical intervention. If
the spinal cord is significantly compressed by a tumour,
which is not radiosensitive, the patient is at greater risk
of neurological degradation during radiotherapy and
therefore will benefit from initial surgical management.
Patients with lesions that are unlikely to respond to conservative treatment are candidates for operative intervention, irrespective of their Harrington category. Nonetheless, patients with a Harrington classification involving a
neurological deficit (grade 3-5) before and after surgical
intervention are at increased risk of complications[2].
The options for surgical treatment have improved
markedly in recent years. The development of better
instruments and techniques has spread the catchment
net for patients suitable for surgery. Patients reporting
mechanical instability of the spine and/or clinically significant narrowing of the spinal canal are included. The
anatomy of the spine serves as an obstacle to radical
tumour resection in all but a select minority of patients.
Therefore, patients with a positive prognosis should
undergo postoperative radiotherapy to consolidate their
treatment, regardless of the resection achieved. Preoperative radiotherapy, however, should be avoided as it may
impair wound healing[43].
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Vertebroplasty and kyphoplasty
These are relatively new techniques used to treat painful
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vertebral compression fractures secondary to malignancy
and metastases. Vertebroplasty is the injection of bone
cement, generally polymethyl methacrylate into a vertebral body. Kyphoplasty is the placement of balloons into
the vertebral body, followed by an inflation/deflation
technique to create a cavity followed by cement injection.
These procedures are most often performed percutaneously. It is thought that the stabilization of the fracture
allows for the analgesia and evidence favours the use of
these procedures for pain associated with metastases.
The risks associated with the procedures are low but serious complications can occur. These risks include spinal
cord compression, nerve root compression, deep venous
embolism, and pulmonary embolism including cardiovascular collapse[45,46]. Vertebroplasty has been found to
have a significantly increased rate of procedure-related
complications than kyphoplasty in study analysis. Vertebroplasty also appears to have a significantly higher rate
of symptomatic and asymptomatic cement leakage than
kyphoplasty. The incidence of medical complications is
significantly higher in kyphoplasty. The incidence of new
fracture was significantly higher in vertebroplasty[37]. That
said, the risk/benefit ratio appears to be favourable in
carefully selected patients and thus it is a common procedure used in metastatic spinal disease[47,48].

As with all surgical procedures, the anterior approach
to spinal surgery carries with it a few risks and potential
complications that are unique to this surgical approach.
The incidence of injury to the large blood vessels is very
small, typically being around 1%-2%[53]. To minimize this
risk, a vascular surgeon (or general surgeon with the appropriate skills and training) should be involved in the
surgery to manipulate the large blood vessels to help the
spine surgeon gain access to the front of the spine. For
male patients, a rare complication (< 1%) from the anterior approach to spine surgery is retrograde ejaculation.
At the lower end of the lumbar spine, there is a group
of small nerves, which can lie over the lowest disc space
(L5-S1). These nerves help control a valve needed to
express semen, and instead the semen goes up into the
bladder after ejaculation. The nerves do not have any effect on erectile function, which is controlled separately
by a different set of nerves. In the majority of patients
who experience this complication, the condition resolves
by itself within 3 to 6 mo, but if necessary, an urologist
can be consulted to help with fertility. If the retrograde
ejaculation becomes permanent, the patient may be unable to have children (without medical intervention from
a fertility expert) but will otherwise have normal sexual
function. A transperitoneal approach to the lumbar spine
at L4-L5 and L5-S1 has a 10 times greater chance of
causing retrograde ejaculation in men than a retroperitoneal approach[55].
The other risks and potential complications associated
with the anterior approach to spine surgery are similar
problems that one would encounter with a posterior spinal surgery, such as infection, and are not unique to the
anterior approach. Infection is very rare.
Although anterior decompression and reconstruction
appears to be extremely beneficial in the setting of neurologic compression, the procedure also can be performed
using a posterolateral aproach. This approach enables
anterior stability and posterior decompression, as well
as pedicle screw fixation, through a single incision. This
posterolateral approach is particularly useful for lesions
in the upper thoracic spine, a difficult area to reach from
an anterior thoracotomy or sternal-splitting approach.
The posterolateral approach also is useful at the thoracolumbar junction, where an anterior approach necessitates
taking down the diaphragm[1]. Conversely, for patients
who already have failed radiation treatment, the posterior
approach invites a high risk of wound dehiscence and
infection.
Endoscopic techniques also are being used in the surgical treatment of thoracic metastatic lesions. Although
an endoscope can be used with open procedures, it is
most often used in conjunction with a minimally invasive
anterior trans-thoracic approach. Thoracic vertebrectomy,
reconstruction, and stabilization all have been performed
with endoscopic techniques[55,56]. Complications of endoscopic spinal surgery can be related to anaesthesia, patient
positioning, and surgical technique. The performance of
successful minimally invasive spinal surgery is beset with

Posterior vs anterior spinal decompression
Despite the predominance of metastatic lesions found
anteriorly (80% in the vertebral body)[1], surgery has
historically involved posterior decompressive laminectomy alone. The early results of these procedures. Many
surgeons recognized that laminectomy had limited value
in regaining neurologic function. Furthermore, complications of laminectomy in this patient population were
marked, including the acceleration of spinal instability
and wound complications[49,50].
The development of anterior surgical approaches,
however, has facilitated the re-evaluation of the role
of decompressive procedures in treating patients with
metastatic spinal disease. Neurologic return has been
reported in 40% of patients after posterior decompressions and 71% of patients after anterior decompressions[51]. Patients with anterior metastases isolated to one
or two continuous segments have better outcomes when
anterior reconstruction was performed[39]. A satisfactory
outcome of 37% after posterior decompression and
80% after anterior decompression has been reported[52].
Recent surgical results also have been more satisfactory
with the addition of anterior approaches. Anterior (58
patients), posterior (33) or combined (9) approaches for
surgical stabilization of 100 patients with metastatic spinal disease demonstrated clinical improvement in 80% of
patients[53]. Assessment of outcomes of 80 patients with
solitary metastatic spinal lesions treated with a variety of
surgical approaches, 48 patients (60%) had been ambulatory preoperatively, 78 (98%) were ambulatory after surgery, including 94% of those who initially had been nonambulatory[54].
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several technical challenges, including the limited tactile
feedback, two-dimensional video image quality of threedimensional anatomy, and the manual dexterity needed to
manipulate instruments through small working channels,
which all account for a very steep learning curve. Knowledge of possible complications associated with particular
minimally invasive spinal procedures can aid in their
avoidance[56]. In a study by reviewing endoscopic spinal
surgery technique and outcome, the overall incidence of
complications in endoscopic spinal surgery was 42.3%
(20/52 cases)[57-59]. Of the intraoperative complications,
extensive bleeding was most frequent, and of postoperative complications, respiratory problems and transient
neural damage were most frequent.
Reconstruction with autograft, allograft, or methylmethacrylate may follow decompression. Autograft and
allograft hold potential for incorporation and biologic fusion, which can provide long-term stability. Solid fusion
is often limited in the tumour patient from abnormal
tumour biology, effects of radiation, and chemotherapeutics[1]. The use of methylmethacrylate has been suggested
for patients with limited expected survival[60]. Methylmethacrylate must be used with caution, however, to
avoid thermal injury.

one-level spinal fusions. Anterior cervical instrumentation (plates and screws) is commonly employed with allografts to increase fusion rates. With increasing numbers
of levels to be grafted/fused, the differences in fusion
rates between allograft and autograft become more significant.
There is a theoretical risk of transmission of an infection from a donor. The risk of contracting a disease such
as HIV or hepatitis from an allograft has been estimated
to be between 1 in 200 000 to 1 in 1 million. However,
with modern procurement and sterilization methods for
bone tissue, the risk is essentially moot.
Bone graft substitutes for cervical spinal fusion surgery
There are now multiple commercially available bone graft
substitute options available. The advantages include no
risk of disease transmission and ready availability. Many
bone graft substitutes, however, are not structural and
need to be combined with a manufactured device that
holds it in place while the bone graft substitute heals.
Typically, spinal implants are either manufactured out of
a metal product (usually titanium), plastic (also known as
polyetheretherketone-PEEK), or carbon-fiber. In 2009,
the Food and Drug Administration issued a warning letter concerning the use of bone morphogenic proteins in
cervical surgery. There have been reports of it causing a
large inflammatory reaction postoperatively, which can
lead to a subsequent loss of the patient’s airway. This is a
serious postoperative complication that can be potentially
fatal.
In this setting of long posterior constructs, titanium
instrumentation may be considered more appropriate
than stainless steel. Titanium implants offer less MRI artifact than do stainless steel, and patients with metastatic
disease are likely to undergo future MRI. Also, although
posterior instrumentation is useful for the previously
mentioned indications, such widespread disease typically
engenders a poor prognosis. The significant risk of surgical complications must be considered. Postoperative
wound infection is the most common complication of
metastatic spine surgery. Factors found to be risks for
wound infection include morbid obesity, postoperative
incontinence, and use of a posterior approach[66]. In the
patient with metastatic disease, the risk of infection may
be related to radiation and chemotherapy treatments as
well as to chronic malnutrition. In patients who have undergone posterior surgical approaches through irradiated
tissue, the surgeon should be aware of the risk of wound
dehiscence for the remainder of the patient’s life, and patient should all be reminded not to remove the sutures at
the normal postoperative interval of 10 to 14 d.

Autograft bone for spinal fusion surgery
Autograft bone is harvested from the iliac crest (hip).
This technique has been the gold standard since the
1950s. Autograft bone usually achieves a fusion in 90%
to 95% of patients. The principal disadvantage with using
autograft bone is that another incision needs to be made
over the hip to harvest the bone graft. Possible complications associated with taking out bone graft include; graft
site chronic pain (with pain lasting anywhere from 12 to
24 mo 25% to 30% of the time)[61,62], infection, bleeding,
damage to the lateral femoral cutaneous nerve and pelvic
fracture. The chances of a complication increase with the
size of the bone graft and patient obesity. For those who
opt to use an autograft, many patients find the bone graft
harvest site to be more painful than the cervical surgery
site itself.
Allograft bone for spinal fusion surgery
Allograft bone eliminates the need to harvest the patient’
s own bone. Basically, the donor graft acts as a bone scaffolding onto which the patient’s own bone grows and
eventually replaces over years. There are no living cells in
the bone graft, so there is little chance of a graft rejection, like with an organ transplant. However, bone graft
healing remains an issue, as there is a somewhat greater
likelihood of bone graft failure with allograft bone compared to autograft. With that said, it should be known
that certain studies have shown allograft to be comparable to autograft in terms of producing successful fusions[63-65].
With allografts, the speed of healing may be slower
than an autograft bone fusion. Additionally, allograft
yields nearly equivalent fusion rates as autograft bone in
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CONCLUSION
Metastatic spine disease accounts for 10% to 30% of
new cancer diagnoses annually. The most frequent presentation is axial spinal pain. No treatment has been
proven to increase the life expectancy of patients with
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spinal metastasis. The goals of therapy are pain control
and functional preservation. The most important prognostic indicator for spinal metastases is the initial functional score. The main goal in the management of spinal
metastatic deposits is always palliative rather than curative, with the primary aim being pain relief and improved
mobility. This however, does not come without complications, regardless of the surgical intervention technique
used. These complication range from the general surgical
complications of bleeding, infection, damage to surrounding structures and post operative DT/PE to spinal
specific complications of persistent neurologic deficit
and paralysis.
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INTRODUCTION
Dislocation following total hip arthroplasty (THA) is a
significant and unfortunately common complication. A
landmark review in 1982 by Woo and Morrey of over
10 000 primary THAs reported a dislocation rate of
3.2%[1]. Other studies have reported dislocation rates of
0.3% to 10% for primary THAs and up to 28% for revision THAs[2-14]. The risk of dislocation is influenced by
patient factors such as age, sex, previous surgery, and cognitive or neurologic disorders as well as surgical factors,
including surgical approach, choice of implant, soft tissue
and surgeon experience[13-15]. Although most dislocations
after THA are isolated events and can be managed nonoperatively, some patients will require surgical intervention to manage or prevent recurrent instability[7,16,17]. A
thorough understanding of the etiology of dislocations,
evaluation of an unstable THA, and appropriate management of such instability is necessary to ensure optimum
outcomes for patients.
Instability is one of the most common complications of THA[1,7,16]. Determining the true incidence and
prevalence of postoperative dislocation is challenging, as
there are a variety of patient, surgical and implant factors,
which compound the fact that most published reports on
the topic are from high volume medical centers, which
excludes community practices[14]. Most dislocations occur within the first 3 mo following surgery. The literature
suggests that 50%-70% of dislocations occur within
the first 5 wk to 3 mo postoperatively, and more than
three fourths of dislocations within the first year follow-

Abstract
Instability following total hip arthroplasty (THA) is
an unfortunately frequent and serious problem that
requires thorough evaluation and preoperative planning before surgical intervention. Prevention through
optimal index surgery is of great importance, as the
management of an unstable THA is challenging even
for an experienced joints surgeon. However, even after
well-planned surgery, a significant incidence of recurrent instability still exists. Non-operative management
is often successful if the components are well-fixed and
correctly positioned in the absence of neurocognitive
disorders. If conservative management fails, surgical
options include revision of malpositioned components;
exchange of modular components such as the femoral
head and acetabular liner; bipolar arthroplasty; tripolar arthroplasty; use of a larger femoral head; use of
a constrained liner; soft tissue reinforcement and advancement of the greater trochanter.
© 2012 Baishideng. All rights reserved.

Key words: Instability; Total hip arthroplasty; Revision;
Constrained liner; Bipolar arthroplasty; Large femoral
head
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ing surgery[1,8,9,17-19]. Accordingly, the cumulative risk of
dislocation does not remain constant following THA,
increasing with time due to trauma, polyethylene wear,
increased pseudocapsule laxity and deteriorating muscle
strength[20-22]. Improved understanding of the etiology of
instability following THA and concordant improvements
in surgical techniques have led to a documented decrease
in the dislocation rate over time[23-27].

Table 1 Risk factors for instability following total hip
arthroplasty

RISK FACTORS ASSOCIATED WITH
DISLOCATION

Surgical factors

Female gender
Age > 80 yr
Neuromuscular disorders
Cognitive disorders
Alcoholism
Abductor weakness
Prior hip surgery

Surgical approach
Capsular repair
Soft tissue tension
Component malpositioning
Femoral head size
Impingement
Surgeon experience

A history of prior hip surgery is also considered to be
an independent risk factor for dislocation[14,17,36,38,40]. Woo
and Morrey found the incidence of instability to double
in hips that had undergone any previous open surgical
procedure[1]. This is likely due to scarring, laxity and other
soft tissue issues directly resulting from the previous operative procedure.
Patient-related risk factors, although out of the surgeon’s control, are important to consider when evaluating
a potential THA candidate preoperatively. Patients with
one or more of these risk factors should be appropriately
counseled preoperatively about their increased risk of
postoperative instability.

Patient factors
Patient-related risk factors must be evaluated and considered preoperatively, intra-operatively and post-operatively
although they are out of surgeon’s direct control (Table 1).
The independent correlation of height and weight with
the risk of dislocation has not been clearly demonstrated
in the literature [13,28]. Several other important patient
risk factors for dislocation, however, have been identified. Two large series on gender differences report that
women dislocate following THA approximately twice
as frequently as do men[1,9,13,18,29,30]. This apparent gender
disparity is postulated to be attributed to muscle mass
and strength differences, as well as differences in the
compliance and elasticity of the soft tissues as a result of
genetic and hormonal differences between the sexes.
Evidence that age is an independent risk factor for
dislocation is at best inconclusive and still controversial[13,28]. Larger series of patients have not found age to
be an independent predictor of instability, yet reports do
exist in the literature which find statistical trends or evidence to the contrary[14,31,32]. Advanced age (greater than
80 years old) brings increased frailty, decline in muscular
tone, inability to follow postoperative protocols and
higher incidences of cognitive problems, all of which
have been linked to increased dislocation rates, and likely
confound literature reports of age as an independent risk
factor.
Patients with neuromuscular and cognitive disorders,
including cerebral palsy, muscular dystrophies, psychoses, dementia and alcoholism have also been consistently
demonstrated to be at a higher risk for postoperative
dislocation[13,14,30,33-38]. Muscle weakness, muscle or general imbalance and inability to comply with with activity
restrictions all are considered to be the likely causative
factors[32]. Diseases such as muscular dystrophy and myasthenia gravis are inherent to the musculature and directly
cause muscle weakness, which can increase dislocation incidence, particularly with abductor weakness. Other neurologic conditions, such as Parkinson’s disease, cerebral
palsy and multiple sclerosis can lead to similar muscle,
particularly abductor, weakness. Cognitive dysfunction
has likewise been shown to be an independent risk factor
for hip instability following THA[32,39]. For these patients,
noncompliance or inability to follow post-operative activity restrictions were implicated as the likely cause for
dislocation.
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Patient factors

Surgical factors
Several elements of the surgical process and technique
may contribute to postoperative instability, including surgical approach, implant-related factors, soft tissue repair
and tensioning, impingement and surgeon experience.
The incidence of instability as it relates to surgical approach has been extensively investigated and reviewed in
the literature. Historically, higher dislocations rates have
been reported for the posterior approach (5.8%) vs the
anterolateral approach (2.3%)[1,36]. A recent meta-analysis
involving 13 203 primary THAs found dislocation rates
of 1.27% for trans-trochanteric, 3.23% for posterior
(2.03% with capsular repair), 2.18% for anterolateral
and 0.55% for the direct lateral approach[36,41]. Furthermore, the literature demonstrates that 75% to 90% of
dislocations are in the posterior direction, thus surgical approaches that compromise posterior soft tissues
theoretically could contribute to posterior instability[7,13].
Therefore, when risk of dislocation is of particular concern, the posterior approach historically has been the
least favored. Other investigators have shown, however,
that a meticulous posterior capsular repair decreases dislocation rates to comparable levels to other approaches.
White et al[42] demonstrated a reduction from 2.8% to 0.6%
in 1000 patients; Goldstein et al[43] reported a decrease
from 4.8% to 0.7% in 1515 patients; and Pellicci et al[44]
reported a reduction from 4.1% to 0.0% in 395 patients
with posterior capsular repair[36].
Soft tissue tension, influenced by the joint capsule,
short external rotators and gluteal muscles, has been
meticulously evaluated as a factor in dislocation[13]. Even
appropriately placed components may become unstable
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if the appropriate length and offset are not restored. As
discussed before, reconstruction of the posterior capsule
and short external rotators after a posterior approach has
been shown to significantly reduce dislocation rate[42-44].
The surgeon can also greatly affect soft tissue tension
with femoral offset. Patients who dislocate have a notable
loss of offset compared to patients with stable hips[33,35].
If the soft tissues are lax, and the offset has already been
maximized, a lateralized liner can increase soft tissue tension.
Implant-related risk factors are also an important consideration, as malpositioning of components is the most
common cause of instability[41]. Intrinsic implant related
factors, such as implant type, design and size, are important to consider both preoperatively and intraoperatively.
Femoral head component sizing is of particular interest.
The larger the femoral head, the further it must sublux
before it can dislocate, a distance referred to as the jump
distance. Berry et al[29] in a study of 21 047 THAs, found
a significantly decreased rate of dislocation with the use
of larger femoral heads in all surgical approaches. Additional studies have also found decreased rates of dislocation with larger head sizes, although a large head has not
always been found to be necessary to achieve low early
dislocation rates[7,44,45]. When determining the appropriate
head size, the surgeon must also consider the appropriate
combination of socket type, orientation and approach to
optimize the implant and minimize the dislocation rate.
Increasing femoral offset has been described to have a
positive effect on decreasing the incidence of dislocation
by optimizing soft tissue tensioning[7,33,45]. Likewise, neck
design and geometry have been demonstrated by numerous authors as important to the stability of the THA[46,47].
Component malposition is the most common cause of
instability following THA[11,41,48]. Excessive anteversion of
the acetabulum may result in anterior dislocation; excessive
retroversion may result in posterior dislocation; similarly,
excessive abduction may result in lateral dislocation. Ali
Khan et al[18] found that the most common surgical error
was placement of the acetabular component in excessive
anteversion and abduction, a finding reinforced by numerous other authors[19,49]. A recent study by Callanan et al[50]
found increased risk of acetabular cup malposition for
minimally invasive approaches, low volume surgeons, and
obese patients. Daly and Morrey[24] found that 86% of patients who underwent revision surgery without correction
of acetabular component malposition continued to have
instability. Furthermore, the largest number of successful
revision surgeries occurred in patients who underwent repositioning of the acetabular component. Based on several
studies, cup anteversion should be 20° ± 5° (measured
from the axis of the cup) and 40° ± 10° of cup abduction to be considered in the safe zone of lower dislocation
risk[13,51-53]. Forward rotation of the pelvis must be taken
into account, or excessive retroversion of the cup can
result[39]. Positioning of the femoral component is not as
simple to evaluate due to lack of standardization regarding
rotation. Many imaging modalities have been evaluated in
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an attempt to determine optimal femoral component orientation, but significance with regards to determining hip
stability has not been definitely established[5,54].
Impingement, including prosthetic, cement or bony, is
another surgical factor involved in dislocation. Whether
caused by osteophytes that were not resected at the time
of the primary surgical procedure, or capsular scar tissue
or heterotopic ossification that developed postoperatively, impingement can directly be linked to instability, and
should be addressed at the time of revision surgery. Daly
and Morrey[7] found impingement as the primary cause
of instability in 9 hips in a series of 95 recurrent dislocations. Surgical correction of this, however, had a success
rate of only 56%.
Surgeon experience is the final surgical risk factor for
THA instability. The rate of dislocation has an inverse
relationship to the experience of the surgeon[55]. For every ten primary arthroplasties performed yearly, there is
a 50% reduction in the postoperative dislocation rate[55].
There is also a high dislocation rate amongst surgeons
who perform less than thirty THAs yearly[7].

EVALUATION OF UNSTABLE THA
The evaluation of an unstable THA should follow a
standardized and methodical approach to allow formulation of the ideal treatment plan. Even with optimum
component orientation, adequate soft-tissue balancing
and the appropriate components, dislocation after THA
can still occur in the hands of the most experienced joint
surgeons.
History and physical examination
The history is vital to understanding how the dislocation occurred. Elucidating how the current dislocation
occurred, or the activity that was being performed in
relation to the position of the affected limb, as well as an
inquiry into other potential previous episodes of instability or dislocation is of paramount importance. Questions
regarding the presence of infectious symptoms such as
fevers, chills, antecedent pain or night sweats are also important. A review of previous documentation, including
operative notes documenting what approach was used,
types and positioning of implants, as well as any noted
intra- or post-operative complications is vital.
Physical examination should include assessment of
both lower extremities, carefully noting gait, range of
motion, strength (paying close attention to the abductor
musculature), neurovascular status, leg length, location of
previous incisions and leg position on presentation. Additionally, if clinically indicated, diagnostic tests including
white blood cell count, erythrocyte sedimentation rate,
C-reactive protein level, aspiration and cultures should be
considered, as infection may be a contributing factor to
the instability[13].
Radiographic evaluation
Radiographic assessment begins with an anteroposterior
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A

B

Figure 1 Anteroposterior pelvis radiograph of a 72-year-old female who sustained an anterior-superior dislocation of her left total hip arthroplasty approximately 1 mo after the index procedure (A) and the hip was reduced closed and found to be stable (B). Note the excessive anteversion of the acetabular
component which is the likely etiology of the anterior dislocation.

A

B

Figure 2 Anteroposterior pelvis radiograph of a 52-year-old female who is status post left total hip arthroplasty with subsequent revision of the femoral
component for hardware loosening and instability. A: She sustained a prosthetic hip dislocation during physical therapy that was unable to be reduced by closed
means. At the time of open reduction, revision total hip arthroplasty was indicated to correct the risk factors for instability; B: This included revision of the retroverted
acetabular cup, revision of the malpositioned revision femoral stem, and increasing the femoral head size. The patient has not experienced any recurrent episodes of
instability.

A

for head-to-neck ratio, loosening, neck length and offset,
angulation and any evidence of subsidence. An attempt
to determine the version of the femoral component
should also be undertaken, although this can be challenging to measure radiographically. There is a high incidence
of femoral malposition in hips with instability when
femoral version is measured fluoroscopically[33]. Similarly,
assessment of the acetabular orientation is difficult to
ascertain from plain radiographs of the hip as well. Various methods have been described to measure acetabular
anteversion using both plain radiographs and computed
tomography scans[51,56].

B

Supine

Figure 3 Anteroposterior pelvis radiograph of a 45-year-old female who
is status post bilateral total hip arthroplasties, each of which had been
revised once for osteolysis. A: She presented with recurrent dislocations of
her left total hip arthroplasty and having failed conservative management; B:
the patient underwent a second revision of her left total hip arthroplasty with
acetabular component exchange and exchange to a large femoral head. Intraoperatively, her stem was found to be relatively neutral, which likely contributed
to her posterior instability.

TREATMENT OF THE UNSTABLE THA
The initial management of an unstable or dislocated
THA is closed reduction. Once this has been completed,
it is vital to assess the stable range of motion of the
hip. Both non-operative and operative options exist, the
choice of which depends on the patient’s inherent risk
factors for future dislocations, reason for the dislocation,
acuity of dislocation, stable range of motion, treatment

pelvis and true lateral radiograph of the affected hip
(Figures 1-3). The femoral component should be assessed
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Modular component exchange
Modular component exchange is typically reserved for patients who do not have gross malpositioning of any components or significant abductor weakness[14]. This surgical
treatment involves exchanging and elevating the polyethylene acetabular liner and upsizing the femoral head[16,60]. At
the time of revision, the surgeon may take advantage of
numerous modular options, including increasing femoral
head size, increasing neck length, or various liner options.
Several studies have demonstrated reasonable success
(69%-96%) with modular component exchange[61-65].

goals and many other factors. It should be emphasized
that instability is an extremely complex problem often
better handled by an arthroplasty specialist[24].
Bracing
If the patient has instability or presents after a first dislocation, has an acceptable stable range of motion (>
90 degrees of flexion and at least 45 degrees of internal
rotation), and post-reduction radiographs demonstrate
acceptable alignment and position of components, then
treatment with external bracing often results in good
outcomes[19,53]. However, the use of braces is extremely
patient-dependent, as the braces are inconvenient and
cumbersome. Even the most compliant patients will have
difficulty using braces effectively, making them challenging to study in large numbers or to implement effectively
on a regular basis. Despite these challenges, it is estimated
that two-thirds of patients can be successfully managed
with closed reduction followed by bracing[57].

Bipolar and tripolar arthroplasty
Bipolar and tripolar arthroplasty have also been successfully utilized in treating recurrent instability following
THA[23,66-71]. The bipolar arthroplasty component consists
of a small femoral head located inside a polyethylene
shell that is then covered by a larger femoral head. This
theoretically allows motion between the small femoral
head and the liner as well as the larger femoral head and
the acetabulum[16]. Placement of a bipolar prosthesis inside an acetabular component with a liner is known as a
tripolar arthroplasty[16]. Parvizi et al[66] described the outcome of 27 patients who were treated for instability using
this technique. In their study, 81% of patients gained hip
stability, 7% experienced a single episode of instability,
and the remaining 11% had recurrent instability requiring further surgery[14]. Nadaud et al[67] described a series
of 23 revisions that were fixed cups switched to bipolar
for instability. All patients in their series who underwent
revision to a bipolar prosthesis had no further instability, leading them to conclude that acetabular revision to a
bipolar prosthesis provides reliable stability in recurrent
prosthetic hip instability.
Grigoris et al[72] first described the use of the the
tripolar arthroplasty for the treatment of recurrent dislocation. In their series, 0/8 patients had recurrent dislocation at a mean of 4.2 years. Guyen et al[68] published a
series of 167 primary THAs using tripolar arthroplasty
at the index operation for patients with at least 2 risk factors for dislocation. At an average follow up of close to
2 years, no dislocations had been noted. Levine et al[71] reported a series of 31 hips revised with a tripolar articular
construct for instability. 93% of the patients undergoing
revision did not require further revision surgery.
There is clearly evidence in the literature supporting
the use of bipolar and tripolar arthroplasty as salvage
procedures in the management of recurrent dislocation.
However, these do not come without problems, the most
important of which is the potential for medial or superior migration of the prosthesis with time. Groin pain is
also a frequently reported issue for these patients. Thus,
the majority of authors do not recommend routine use
of bipolar or tripolar arthropasty as main-stay treatment
of recurrent dislocation[16,66,68,69].

Surgical indications and management
In patients who have a secondary dislocation, who have
failed conservative management, or obvious component
malalignment is noted on plain radiographs, surgical revision should be a strong consideration. Of paramount
importance is identifying the cause(s) of instability, and
addressing all of the possible causes for the instability at
the index revision operation[24]. Surgical options for the
treatment of instability or recurrent dislocation include
revision of components; exchange of modular components such as the femoral head and acetabular liner;
bipolar arthroplasty; tripolar arthroplasty; use of a larger
femoral head; use of a constrained liner; soft tissue reinforcement and advancement of the greater trochanter[16].
Preoperative considerations
The first consideration once surgical management of the
unstable THA has been chosen is the surgical approach.
Although convenient, the previous surgical approach
need not always be used, especially if the revision surgeon is more familiar with a different approach. Whenever possible, however, previous incisions should be incorporated into the new approach, as parallel incisions may
lead to vascular compromise of the bridging skin[58,59].
The more challenging preoperative decision in revision surgery is whether to retain well-fixed components.
In general, when well-fixed components are malpositioned, they should be replaced[16,40]. Daly and Morrey[24]
found that 6/7 patients with retained, well-fixed but malaligned components continued to have instability. In the
case of infection, usually components will need to be
exchanged following incision and debridement, in either
a one or two stage procedure. When the components
are well-positioned, retention with exchange of modular
components is reasonable, although the revision surgeon
must still be acutely aware that even subtle component
malposition can result in clinically significant instability[40].
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Large femoral heads
Large femoral heads represent another option to address
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hip instability. Femoral head sizes greater than 36 mm
have been designed to provide increased stability through
a rather simple theory: the larger the femoral head, the
greater the volume of the head that needs to be displaced
from the acetabulum for dislocation to occur. This is accomplished through an improved head-neck ratio and by
increasing the jump distance (distance the femoral head
must travel to dislocate)[9,73]. Kung et al[74] evaluated 230
patients for the effect of femoral head size (28 mm vs
36 mm) on postoperative stability. At a mean follow up
of 27 mo, they found that the use of the larger femoral
head brought the dislocation rate from 12.7% down to 0%.
However, if the abductor mechanism was absent, there
was no statistically significant reduction in dislocation rate.
Smith et al[75] found similar success in 377 hips treated with
38 mm metal-on-metal arthroplasties, with no dislocations
in the critical early follow-up period, however recent literature has questioned the use of metal-on-metal arthroplasties for other reasons. Peters et al[76] found similar success
with the use of large femoral heads (38 mm), with a reduction of dislocation rate from 2.5% to 0%. Amstutz et al[77]
investigated the use of large femoral heads for patients
with recurrent dislocations (29 hips) and in primary surgeries (57 hips). The prevalence of dislocation was 13.7%
for the recurrent dislocation group and 3.5 for the primary surgery group. The authors also noted that the use of
large femoral heads necessitates simultaneous insertion
of a thin polyethylene liner, the longevity of which has
not been determined.

due to soft-tissue deficit that is not otherwise repairable.
The surgeon must, however, be careful to ensure that the
components are well-positioned prior to proceeding with
constrained liner placement, as even subtle component
malpositioning can be the cause of such instability[16,40].
Soft tissue reinforcement
The use of additional static restraint to augment the deficient posterior capsule or enhance a deficient abductor
mechanism have been described by many authors, although
with notable variability in outcome. Lavigne et al[2] were
the first to report the use of an Achilles tendon allograft
placed between the greater trochanter and the ischium
to reduce the range of internal rotation and enhance
stability. In their series of 10 patients, 6 had complete
elimination of instability at 3-year follow up. Recently
Van Warmerdam et al[82] described the use of an Achilles autograft sling to improve hip stability. In their series
of 8 patients, 7 patients had no recurrent instability with
maintenance of good postoperative range of motion at
an average of 5 years’ follow-up. The authors concluded
that allograft slings can be used to improve hip stability
without significant limitation of postoperative hip range
of motion.
Barbosa et al[27] described the successful use of a synthetic ligament prosthesis to treat 4 patients with recurrent
posterior dislocation of THA without ascertainable cause.
At an average follow-up of over 2 years, none of the
patients experienced further dislocation. Stromsoe et al[83]
described the use of fascia lata to augment deficient abductors. In their series of 18 patients with posterior THA
dislocations, 16 achieved stability with the procedure.
Soft-tissue procedures provide an additional approach
to achieving THA stability in patients who are poor
candidates for other options such as constrained liners.
These procedures can be technically demanding and are
likely to fail in patients with any component malpositioning.

Constrained liners
Constrained liners are designed to physically resist dislocation of the femoral head by locking the head into the
acetabular cup, and are an invaluable tool in the surgical
management of recurrent dislocations[9]. This device is
particularly useful for the surgical management of recurrent dislocation in the setting of abductor deficiency,
recurrent dislocation of undetermined etiology and in
patients with multiple dislocations due to neurological
impairment[16]. The success of constrained liners for
instability in these specific situations has been well-documented in the literature[4,5,12,78-81]. Additionally, constrained
liners offer the ability provide enhanced stability to a hip
without the need to revise well-fixed, well-positioned
acetabular components[16]. Anderson et al[5] first reported
the use of constrained liners as a salvage procedure in patients with recurrent dislocations. 71% of the 21 patients
in their report experienced no further dislocations at a
minimum of 2-year follow-up. Callaghan et al[25] reported
a series of 31 hips with constrained liners implanted into
well-fixed acetabular components, and found that 94%
of patients were failure-free at an average follow up of
nearly 4 years. Significant improvements in dislocation
rates with the use of constrained liners in previously unstable THAs were also noted in more recent series[80,81].
Constrained liners offer a valuable option for the management of recurrent dislocations when no obvious cause
for dislocation can be identified or if the dislocation is
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Greater trochanter advancement
Trochanteric advancement, although now somewhat
historic, has been used to increase abductor tension and
stability with good results[14]. The technique is designed
and has been proven to improve the resting length and
functioning of the abductor mechanism, which consequently affords increased hip stability in 81%-90% of
cases[14,84-87]. The advent of modular implants allows the
surgeon to increase femoral neck length to accomplish
the same goals without the potential morbidity of greater
trochanteric nonunion. Thus, it continues to be used only
as an option when there is proximal migration of an ununited trochanter after a trochanteric osteotomy[14].

CONCLUSION
Instability following THA is an unfortunately frequent
and serious problem that requires thorough evaluation
and preoperative planning before surgical intervention.
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Prevention through optimal index surgery is of great
importance, as the management of an unstable THA is
challenging even for an experienced joints surgeon. However, even after well-planned surgery, a significant incidence of recurrent instability still exists. Non-operative
management is often successful if the components are
well-fixed and correctly positioned in the absence of
neurocognitive disorders. If conservative management
fails, surgical options include revision of malpositioned
components; exchange of modular components such
as the femoral head and acetabular liner; bipolar arthroplasty; tripolar arthroplasty; use of a larger femoral head;
use of a constrained liner; soft tissue reinforcement and
advancement of the greater trochanter. In cases of recurrent instability after appropriate revision surgery, salvage
procedures may become necessary. Patients who fail to
respond to any measures may be candidates for end stage
revision to a resection arthroplasty.
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Abstract
AIM: To determine hip joint center (HJC) location on
hip arthroplasty population comparing predictive and
functional approaches with radiographic measurements.

INTRODUCTION
Hip arthroplasty is a well accepted and successful procedure for patients suffering from degenerative hip joint
disease. However, the anatomical reconstruction of the
hip is not always easy[1-3] and the insertion of a hip prosthesis may lead to modification of hip geometry[4-6]. Consequently, these changes affect the hip joint dynamics.

METHODS: The distance between the HJC and the
mid-pelvis was calculated and compared between the
three approaches. The localisation error between the
predictive and functional approach was compared using
the radiographic measurements as the reference. The
operated leg was compared to the non-operated leg.
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In gait analysis, accurate location of the hip joint center
(HJC) is crucial for the quantification of the musculoskeletal loading at the hip joint and is one of the key point for
the study of post-operative rehabilitation[7]. This aspect
is even more important in pathologic subjects, where the
hip geometry and symmetry have been modified by the
surgery and the pathological process. Improper HJC location can affect hip loading, angles, moments and powers
calculation acting at the hip joint[4-6].
The determination of joint center location of the
lower limb is easier at the ankle and the knee than at the
hip joint. For the ankle, the midpoint between the two
malleolii gives a good estimate of the joint center of this
articulation[8] while knee alignment devices improve significantly the estimation of the knee flexion-axis and the
location of the knee joint center[9]. Since the HJC location is further to the skin surface and bony landmarks, no
such assumptions can be made to locate the HJC.
Several studies on hip arthroplasty[10-15] have relied on
three-dimensional (3D) motion analysis programs (Cortex
Motion analysis), Nondestructive Inspection first principle (Optotrak), Workstation (Vicon) to calculate HJC after hip arthroplasty. Since these softwares locate the HJC
using predictive methods, a bias can be introduced by
HJC mislocation and hence, could affect the calculation
of hip joint dynamics. Predictive approaches for locating
HJC provide only an estimation of the HJC based on
linear regression equations of data coming from markers
placed on bony landmarks. For example, some models
use the leg length, the width and depth of the pelvis to
locate the HJC. All models used in the predictive approach have been determined on few healthy subjects
of homogeneous populations. Moreover, hip symmetry
of the two legs is often assumed[16]. The accuracy of
HJC calculated by this approach differs between studies. According to Bell et al[17] differences of 16 to 65 mm
were observed between HJC calculated by the predictive
method compared to radiographic measurements while
Leardini et al[18] found difference of 8 to 16 mm with a
similar study. It seems that the predictive method can be
used for able-bodied subject but HJC location estimation
can be compromised when applied to hip arthroplasty
population, for which symmetry of both legs and pelvis
are modified.
In recent years, the functional method, which uses the
thigh kinematics relative to the pelvis, in its three degree
of freedom, to estimate 3D HJC location, has been proposed[7,18-21] to improve precision of HJC location. Several
algorithms exist to model the HJC based on the functional method, and according to Erigh et al[7] the Score
algorithm provides the smallest estimation error on the
HJC location.
To our knowledge, no study has evaluated the impact
of the HJC estimation method on a pathologic population. Moreover, no study has assessed the difference in
algorithm performance between the operated and nonoperated legs. The purpose of this study is twofold: (1)
to compare the precision of 3D location of the HJC
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obtained by both predictive and functional methods in
patients with hip arthroplasty and to compare them with
radiographic measurements; and (2) to determine if a
difference in HJC location exists between the operated
and non-operated leg using the Score algorithm. Our
hypotheses are that the functional method will be more
accurate to estimate the HJC than the predictive method
in hip arthroplasty patients and that the Score algorithm
will perform as well as the operated leg than the nonoperated leg.

MATERIALS AND METHODS
Patients and surgical procedure
Patients from the orthopaedic clinic of MaisonneuveRosemont Hospital presenting unilateral hip osteoarthritis and no other functional problems of the lower limb
were invited to participate in this study. Fourteen patients
(age: 58.9 ± 9.3 years, weight: 81.0 ± 15.4 kg, height: 1.69
± 0.09 m, body mass index: 28.2 ± 3.4 kg/m2) gave their
written consent in accordance to the institutional research
ethics and scientific committees.
All hip replacements were performed by three experienced surgeons (ML, PAV, AR) using the posterior
approach[22]. The biomechanics of the operated hip was
restored based on pre-operative template of the normal
contra lateral side.
Radiographic measurements analysis
Standardized post-operative anteroposterior radiographs
of the pelvis were taken. To ensure a normalized positioning of the pelvis in both frontal and sagittal planes, the
legs were positioned at 15° of internal rotation and the
coccyx was centered on the pubic symphysis and located
proximally to within 20 to 40 mm of the pubis. After being scanned (VIDAR VXR-12, Virginia, USA) radiographs
were calibrated and analysed using Imagika software (Clinical Measurement Corporation, New Jersey, USA).
The HJC location was defined as the geometrical
center of the femoral head modeled as a sphere. In the
frontal plane, the perpendicular distance from the midpelvis line (line from the center of sacrum to center of
pubic symphysis) and HJC was measured for both legs
(Figure 1).
Biomechanical analysis
Reflective markers were placed on the left and right antero and postero-superior iliac spines, lateral mid-thigh,
medial and lateral knee condyles. Kinematics was recorded at 60 Hz by an 8 cameras Vicon system (Oxford
Metrics, Oxford, UK). First, a 5 s static trial, was acquired
where the subject received the same instruction as for the
radiograph. They were then asked to maintain their trunk
in an upright position and to perform three repetitions
of the Star Arc movement for both legs. The Star Arc
movement, as described in Camomilla et al[23], consists in
six movements: starting with a hip flexion, following by
three hip abduction a hip extension and finishing by a
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Figure 1 The distance between the hip joint center and the mid pelvis.

Y

Figure 3 A local system of coordinates was defined for the pelvis to correspond to the radiographic plane.

Hip extension

location error (HJCLE) was determined (radiographic
measurement - predictive and functional method) and
was compared between the two methods. The HJCLE of
the operated and non-operated legs were also compared.
Data were processed with Matlab 7.0 (The MathWorks
Inc., MA, USA).
Hip abduction

Statistical analysis
Statistical analyses were performed using SPSS 17.0
(SPSS Inc., Illinois, USA). A two-way analysis of variance
(ANOVA) was used to compare the HJCD obtained by
the three methods (predictive, functional and radiographics measurements) and to compare the results obtained
for the operated and non-operated legs. The HJCLE was
analyzed using a two-way ANOVA. The results were then
further analysed, if necessary, with Tukey post-hoc tests.
All analyses were done with a level of signification set at
0.05.

Hip extension

Figure 2 The Star arc movement. The Star arc movement is starting with a
hip flexion, following by three hip abduction, a hip extension and finishing by a
hip circumduction.

RESULTS

hip circumduction (Figure 2). All these movements were
performed without pain at subject’s selected velocity and
amplitude.
A local system of coordinates (SoC) was defined for
the pelvis to correspond to the radiographic plane. The
pelvic plane of reference was thus defined in the frontal
plane as determined by the vertical axis and the anterosuperior iliac spines. The vertical axis was chosen as the
vector of reference. The SoC of the thigh was calculated
using the three markers placed on the mid thigh, medial
and lateral knee condyles. The functional HJC was located, for both the operated and non-operated leg using
the Score algorithm[7]. Both the functional and predictive
methods (calculated by Workstation software, Oxford
Metrics, Oxford, UK) of HJC locations were imported in
the pelvis SoC in the static trial (Figure 3).
The absolute medio-lateral coordinates of both, the
predictive and functional methods were used to calculate the distance between the HJC and the mid-pelvis
(HJCD) and were compared to the radiographic measurements[17,18,24]. The HJCD of the operated and nonoperated legs were also compared. Furthermore, the HJC
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A significant difference was found between the HJCD
and the predictive method compared to the functional
method (P = 0.01) and the radiographic measurements
(P = 0.01). No significant difference was found for the
HJCD between the functional method compared to radiographic measurements (P = 0.06). No statistical difference was found for the legs (operated vs non-operated)
and no interaction was found (method × leg) (Figure 4).
A statistical difference was found for the HJCLE between the predictive and functional method (P = 0.01).
No statistical difference was found for the legs (P = 0.07).
No interaction was found (Figure 5).

DISCUSSION
First, this study compared two different approaches, the
predictive and functional methods, for estimating the 3D
HJC location and compared them with radiographic measurements. Secondly, the HJC location of the operated
and non-operated leg was compared in patients with hip
arthroplasty.
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Non-operated

proach can easily be integrated in gait analysis and would
improve the calculation accuracy in hip joint loading,
angles, moments and powers. Moreover, the absence of
a statistical difference between the operated and non-operated leg demonstrates that the Score method performs
adequately with pathological subjects which consolidate
the clinical utilisation of this algorithm.

Operated
Functionnal

P = 0.00

X-ray

HJCLE in the frontal plane
The statistical difference found for the HJCLE between
the predictive and functional methods shows the limit
of the predictive method[16,17,26]. In fact, the predictive
method is twice less accurate than the functional method
when comparing to radiographic measurements. In order
to restore hip biomechanics, the surgeon performs preoperative template during which the contra-lateral normal
leg serves as the reference for restoring the normal hip
joint anatomy. Despites pre-operative template, hip parameters such as femoral offset, vertical and horizontal
centers of rotation and leg length are not always normalized[1-3]. Moreover, anthropometric tables and linear regressions, used in the predictive method, do not take into
consideration the new hip geometry and pathological
process and therefore cannot correctly estimate the 3D
HJC location. Previous studies have shown that errors
in HJC location of 20 mm in the frontal plane can lead
to underestimation of adduction moment arm of 20%,
force of 26% and moments of 40%. This demonstrates
the sensitivity of HJC location on gait analysis[27]. No
statistical difference was found in HJCLE between the operated and non-operated legs when using the predictive
and functional methods. However, it is likely that a larger
sample size would lead to significant statistical difference.
These results could promote the operated leg with a difference error closer to the radiographic measurements
independently of the method used. This might be explained by the assumption that on the operated side, the
hip is a ball and socket joint while on the non-operated
side the hip might suffer from Osteoarthritis (OA) which
affects its geometry. Moreover previous studies[28,29] have
reported leg length discrepancy after hip arthroplasty
which may compromise the estimation of the 3D HJC
location. In both cases, it provides better conditions for
HJC calculation of the operated leg.

P = 0.00
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150
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Figure 4 The mean of the hip joint center and mid pelvis distance for the
three groups, for the operated and non-operated leg.

Non-operated

Operated

Predictive

P = 0.00

Functional
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Figure 5 The mean of the hip joint center localisation error for the functional and predictive methods, for the operated and non-operated leg.

HJCD in the frontal plane
In the present study, the absence of a statistical difference between the radiographic measurements and the
HJC location calculated by the functional method found,
supports the idea of the feasibility of determining HJC
location with a smaller error in the frontal plane than
predictive method in pathological subjects[21]. Previous
studies have suggested that the use of the functional
approach to determine the HJC location was not appropriate when hip motion is restricted by a pathologic
process[24,25]. However Piazza et al[21] demonstrated that
even with restricted range of motion, the accuracy of
the 3D HJC location is not reduced. Nevertheless, these
results were obtained from healthy subjects where data
were modified to simulate a pathologic population. In our
study, the comparison of HJC locations was performed
in hip arthroplasty patients, in whom symmetry of both
limbs could not be assumed and hip range of motion
was reduced because of the pathologic process around
the hip joint. According to our results, the functional ap-
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Limits
Some limitations are associated with this study. Firstly,
even if the used of three markers, placed in order to define pelvis orientation, is enough to determine the location of the HJC[26], the used of more than three markers
could provide redundant information in pelvis and thigh
kinematics and consequently reduce soft tissue artefact.
Secondly, since radiographic measurements are always
taken pre and post- surgery, they could be more useful to
improve HJC location. The comparison between radiographic measurements and 3D HJC location from motion analysis software would be facilitate if superior iliac
spine were always visible or if two bi-planar normalized
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Peer review

radiographic measurements or other 3D medical imaging
were available. This would help in locating the HJC in
space and it would be easier to corroborate with HJC location given by 3D analysis software. Thirdly, because of
the inability of some patients, hip movements were done
in a restricted range of motion.
In conclusion, this study showed a HJCD similar to
the radiographic measurements and a smaller HJCLE
for the functional approach. Furthermore, according to
the HJCD and HJCLE no difference was found between
the operated and non-operated leg. Patients undergoing hip arthroplasty are a challenging population for the
determination of 3D HJC location because their hip geometry and symmetry has been modified by the surgical
intervention and the pathological process. In such conditions, the functional method is more accurate than the
predictive method in the frontal plane when compared
to radiographic measurements. Although being more
individualized, the functional method improves 3D HJC
localisation and should be used in 3D gait analysis.

This is a nice study showing that functional 3D method is accurate in predicting
HJC. The methods are valid and it is well written
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is even more important in pathologic subjects, where the hip geometry and
symmetry have been modified by the surgery and the pathological process.
Improper HJC location can affect hip loading, angles, moments and powers
calculation acting at the hip joint.
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To knowledge, no study has evaluated the impact of the HJC estimation method
on a pathologic population. Moreover, no study has assessed the difference
in algorithm performance between the operated and non-operated legs. The
purpose of this study is twofold: (1) to compare the precision of 3D location of
the HJC obtained by both predictive and functional methods in patients with hip
arthroplasty and to compare them with radiographic measurements; and (2) to
determine if a difference in HJC location exists between the operated and nonoperated leg using the Score algorithm.
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Innovations and breakthroughs

The distance between the HJC and the mid-pelvis was calculated and compared between the three approaches. The localisation error between the predictive and functional approach was compared using the radiographic measurements as the reference. The operated leg was compared to the non-operated
leg.
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Applications

A significant difference was found for the distance between the HJC and the
mid-pelvis when comparing the predictive and functional method. The functional method leads to fewer errors. A statistical difference was found for the
localization error between the predictive and functional method. The functional
method is twice more precise. The authors concluded that although being more
individualized, the functional method improves HJC localization and should be
used in three-dimensional gait analysis.
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2218-5836, DOI: 10.5312) is a monthly peer-reviewed, online, openaccess (OA), journal supported by an editorial board consisting of
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the readers, authors and society.
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laws, ethical rules and the benefits of others. (1) Maximization of
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and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
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can immediately download and read, free of charge, high-quality,
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open, fair and transparent environment, could contribute their wisdom to edit and publish high-quality articles, thereby realizing the
maximization of the personal benefits of editorial board members,
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Key words
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Text
For articles of these sections, original articles and brief articles,
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Wang CL, Liang L and Fu JF analyzed the data; and Wang CL, Liang
L and Fu JF wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
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necessary in line-art image. Scale bars should be used rather than
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our principle to publish high resolution-figures for the printed and
E-versions.
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Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Peer reviewers: All articles received are subject to peer review.
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an article for publication. Reviewers for accepted manuscripts are
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Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted).
If there are other series of P values, cP < 0.05 and dP < 0.01 are
used. A third series of P values can be expressed as eP < 0.05
and fP < 0.01. Other notes in tables or under illustrations should
be expressed as 1F, 2F, 3F; or sometimes as other symbols with a
superscript (Arabic numerals) in the upper left corner. In a multicurve illustration, each curve should be labeled with ●, ○, ■, □, ▲,
△, etc., in a certain sequence.
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