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Abstract

The obese population is particularly challenging to the spine surgeon in all phases of care. A narrative literature review was performed to review difficulties in spine surgery on the obese patient population and techniques for mitigation. We specifically aimed to assess several topics with regard to
this population: patient selection and preoperative care; intraoperative and surgical techniques; and
postoperative care, outcomes, and complications. The literature review demonstrated that obese
patients are at increased surgical risk with spine surgery due to a variety of factors at all stages of
intervention. Preoperatively, obese patients have worse outcomes with physical therapy and present
technical difficulties for injections. Transport to a hospital, imaging, resuscitation, and intubation
are all challenged by increased body habitus. Intraoperatively, obese patients have increased operative times, blood loss, surgical site infections, and nerve palsies. Patient positioning and intraoperative imaging may be limited. Surgery itself may be technically challenging due to body habitus and
minimally invasive techniques are becoming more prevalent in this population. Postoperatively,
several studies demonstrate that obese patients have inferior outcomes compared with nonobese
counterparts. Patient selection is a key for elective interventions, and appropriate infrastructure
aids in the ultimate outcomes for both elective and nonelective surgical treatments. Overall, obese
patients present several challenges to the spine surgeon, and certain precautions can be undertaken
preoperatively, intraoperatively, and postoperatively to mitigate the associated risks to optimize
outcomes. © 2019 Elsevier Inc. All rights reserved.
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Obese patients present challenges in all phases of
spine-related care and spinal surgery − preoperatively,
intraoperatively, and postoperatively. With an increasing
prevalence of obesity and an association between obesity
and back pain, surgeons will see increasing numbers of
obese patients with spine pathologies [1−3]. As Jakoi et al.
demonstrate, the prevalence of patients with both lumbar
degenerative disk disease and obesity has increased more
than 5 times relative to the prevalence of patients with
degenerative disk disease without obesity [4]. Obese
patients undergoing surgery, however, are at increased
risk of perioperative complications, morbidity, and mortality [5−19]. Increased body mass index (BMI) has been
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demonstrated to affect outcomes in all age groups. Studies
have shown that obese adolescents undergoing spinal fusion
for adolescent idiopathic scoliosis and obese adults undergoing spinal deformity surgery do worse than their nonobese
counterparts [20,21].
Obesity is a growing epidemic that is starting to gain more
attention in the spine literature. An increasing number of
studies are being published that document the significantly
increased risk of operating on the obese patient [5−19].
Puvanesarajah et al., for example, demonstrated that obese
and morbidly obese patients older than 65 years undergoing
lumbar fusion had significantly higher odds of experiencing
a major medical complication, wound infection, wound
dehiscence, and 30-day readmission, as well as incurring
longer length of stay and in-hospital costs [12]. Phan et al.
likewise determined that morbidly obese patients undergoing posterior cervical fusion had increased risk of venous
thromboembolism, and those undergoing anterior lumbar
interbody fusion had increased risk for 30-day readmissions
[16,17]. Burks et al. demonstrated that obesity is associated
with increased rates of incidental durotomy in lumbar spine
surgery [15]. The spine surgeon, thus, can encounter complications preoperatively before an incision is made, intraoperatively, and/or postoperatively. This paper reviews the
challenges of managing spine pathology in obese patients,
and provides some tips to try to mitigate the risks.
Literature review
Preoperative, intraoperative, and postoperative issues with
obese patients undergoing spine surgery were explored.
Pubmed and Google scholar searches were performed using
keywords “obesity,” “obese,” “spine,” and “surgery.” Article
abstracts were assessed for relevancy. Secondary review of
bibliographies of applicable articles was reviewed for additional relevant articles. Tertiary searches were done to answer
additional questions in relation to perioperative care in this
patient population.
Preoperative challenges
Elective surgery
Obesity is a modifiable risk factor that has been shown to
be associated with several spinal disorders across various
age and sex groups [22]. Conservative treatment for elective cases may include physical therapy, injections, nonsteroidal anti-inflammatory drugs, and muscle relaxants.
Analysis of the Spine Patient Outcomes Research Trial
demonstrated that obese (BMI ≥30) patients with lumbar
stenosis undergoing nonoperative treatment did worse with
regards to Oswestry Disability Index and the bodily pain
and physical function domains of the SF-36 when compared
with patients with BMI <30 [23]. Similarly, obese patients
with degenerative spondylolisthesis had similar SF-36
bodily pain scores but less improvement in the SF-36 physical function and Oswestry Disability Index scores

compared with their nonobese counterparts [23]. With
regards to physical therapy, obesity has been shown to be
an independent predictor of treatment failure [24]. Transforaminal epidural steroid injections are another effective
conservative treatment option for lumbar disk herniation
and radicular pain relief [25]. However, the obese patient
population presents challenges with regards to fluoroscopy
due to potentially difficult visualization of landmarks and
need for longer needles. Cushman et al. demonstrated that
obese patients had significantly longer mean fluoroscopy
times and radiation doses during lumbar transforaminal epidural steroid injections [26].
Weight reduction in itself can have an effect on back pain,
as Khoueir et al. demonstrated that substantial weight loss
after bariatric surgery may be associated with moderate
reductions in pre-existing back pain at early-follow-up [27].
Similarly, Lidar et al. demonstrated bariatric surgery and
weight reduction is associated with a significant decrease
in low back pain, radicular pain, and marked increase in
L4−L5 intervertebral disk height [28]. Preoperative weight
loss may prevent a percentage of patients from requiring
spine procedures, and perhaps bariatric surgery, in the setting
of elective spine surgery, should be utilized to optimize outcomes. One case report, for example, illustrated a super obese
patient who had improvement in his myelopathy following
bariatric surgery, suspected secondary to a change in spinal
alignment [29]. Jain et al., additionally, demonstrated that
patients undergoing bariatric surgery before elective posterior
lumbar fusion had lower rates of respiratory failure, urinary
tract infection, acute renal failure, infection, overall medical
complications, and lower hospital length of stay compared
with obese patients with BMI over 40 [30].
Bariatric surgery and its relation to spine outcomes is
not without controversy, however, as some studies have
demonstrated bariatric surgery results in a greater risk of
osteoporosis, reduced bone mineral density, Vitamin D
deficiency, and an increased risk of spinal fractures [5].
Shanbhogue et al. determined that bone loss and deterioration of bone strength in the hip and spine continue into the
years after gastric bypass, despite weight stabilization and
maintenance of metabolic parameters [31]. The potential
risk of reduced bone mineral density must be weighed
against the potential benefit of reduced axial back pain [32].
Perhaps targeted preoperative evaluations, such as the subcutaneous lumbar spine index, can help stratify the risk of
surgery in an obese patient to determine which course
of action a surgeon should take, particularly in those with
viable nonoperative options [33].
Nonelective surgery
As Rosenfeld et al. describe, several logistical challenges exist for morbidly obese patients even before arrival
to a hospital [34]. Patients sustaining trauma or being found
down are often delayed in transport and transfer to an
appropriate trauma level of care institution as often times
special transport equipment is not readily available. It is not
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uncommon for emergency medical services to inquire about
patient weight and size before arriving on the scene for
better planning [35]. Traditional stretchers have average
size limitations of 270−318 kg but modifications have been
developed for the larger patient. Specially designed ambulances may need to be utilized. Additionally, rotary or small
fixed-wing aircraft have weight and size constraints which
may limit transfer to that by road only. Smaller EMS helicopters for example, carry patients with a maximum of
135 kg whereas fixed-wing aircraft have limits of 260 kg
[35]. Additional challenges include obtaining intravenous
access (may require intraosseous access), measuring appropriate blood pressure due to inadequately sized cuffs, or
applying appropriate cervical spine immobilization due to
an ill-fitting collar. In that case, taped towel rolls may be
applied to each side of the head for stabilization.
Upon arrival to an institution, obese individuals face
several imaging limitations [36,37]. Magnetic resonance
imaging [MRI] may be not possible in this patient population, which is generally dependent upon the patient’s weight
(due to table weight limits) as well as maximum girth (due to
limitations of closed MRI dimensions). Furthermore, computed tomography (CT) scans may be of limited utility in
these groups. Bony anatomy in CT scan may be difficult to
visualize due to excess soft tissue or averaging artifact and
even CT myelogram may be of limited utility in this population (Fig. 1). Limited or nonexistent preoperative imaging
may lead to incorrect diagnoses, poor surgical planning, and
overall increased surgical risk. Discussion with patient and
family regarding these limitations and their effect on surgical
planning is necessary. Alternatives to surgery are similarly
limited. If the bariatric spine patient is to be treated with an
orthotic, it may be difficult to obtain one that is appropriately
sized. Due to excess soft adipose tissue, obese patients have
additional protection of visceral organs; the energy, however,
is transmitted to the axial and appendicular osseous
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structures and obese patients are more likely to sustain pelvic
or extremity fractures [37].
Anesthetic issues
If surgery is indicated, obese patients present particular
challenges in relation to anesthesia [38,39]. Obesity is associated with cardiac and pulmonary hypertension, ventricular
deficiency, heart disease, and obstructive sleep apnea among
other comorbidities, and particular attention needs to be paid
in the preoperative evaluation. Obese trauma patients generally have higher base deficits than nonobese counterparts and
are often under-resuscitated due to fluid and blood products
not adjusted for their size [37]. At times preoperative optimization is needed with BiPAP ventilation or respiratory physiotherapy. Intubation is more difficult due to increased neck
circumference and poor visibility of the oropharynx, and
may require fiberoptic assistance. Prone positioning adds
additional risk of airway loss, and itself is challenging in the
obese population. Douglass et al. describe awake fiberoptic
intubation and awake prone positioning to overcome difficulties in transferring an anesthetized bariatric patient into the
prone position [39]. Additional limitations in the morbidly
obese include more difficult mechanical ventilation due to a
restrictive chest wall, less accurate monitoring, easier dislodgement of endotracheal tubes, and increased susceptibility
to airway edema and obstruction [34]. Lateral position may
improve cardiovascular issues as the pannus is displaced
away from the diaphragm and inferior vena cava [37]. Postoperatively, residual accumulation of anesthetics in the adipose tissue may affect ease of extubation, and a planned
extubation may be required in the intensive care unit.
Operative challenges
Cao et al. performed a meta-analysis demonstrating that
obesity is associated with longer operative times, greater

Fig. 1. Super obese patients present limitations in pre- and postoperative imaging as well as patient positioning. (Left) Myelogram demonstrates poor penetration due to body habitus. MRI was not possible due to excessive body girth. (Middle) Tape was used to manage skin folds. (Right) Postoperative films
after a C3-C7 laminectomy and fusion based upon the presumption of levels of stenosis due to limited imaging (seen in Left) in the classic clinical setting
of myelopathy.
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postoperative blood loss, higher risk of surgical site infections, and higher risk of nerve injuries in lumbar spine surgery [40]. Lingutla et al. similarly performed a systematic
review and meta-analysis of lumbar spine fusion in obese
and nonobese patients and found greater intraoperative
blood loss, longer duration of surgeries, and more complications in the obese patients [8].
Several studies illustrate that increased BMI is associated with increased blood loss or transfusion risk. Onyekwelu et al. demonstrated higher blood product requirement
and extended hospital stay in obese patients requiring lumbar fusion [41]. Shamji et al. found that higher BMI to be
associated with increased transfusion requirements and
likelihood of discharge to assisted living after thoracolumbar spine fusion [42]. Longer operating time may be the etiology of greater intraoperative blood loss, or due to
increased venous bleeding due to increased intra-abdominal
or intrathoracic pressures. The surgeon should be prepared
and have additional blood ready for high-risk patients or
can consider use of the Cell Saver (Haemonetics Corp).
Meta-analyses and systematic reviews have also demonstrated that tranexamic acid reduces perioperative blood
loss and blood transfusions, and should be utilized in appropriate cases [43,44]. Neuromonitoring may also be more
difficult in obese patients; needles need to be long enough
to reach the muscle and higher BMI has been shown to be
associated with false positive alerts with transcranial
motor-evoked potential monitoring [45].
A majority of studies reveal an association between obesity and surgical site infections. Olsen et al. performed a retrospective study to assess risk factors for surgical site
infections in spine surgery and found morbid obesity
with BMI >35 to be an independent risk factor [19]. Spine
surgeons operating on high risk populations can take
special measures to limit postoperative wound complications.

Multicenter studies, systematic reviews, and meta-analyses
have demonstrated that intrawound, prophylactic vancomycin powder decreases the risk of developing surgical site
infections, although some studies express concern about its
effects on increasing the incidence of gram-negative and polymicrobial surgical site infections or potential for pseudoarthrosis [46−50]. Copious irrigation with antimicrobial solution
(eg, bacitracin or povidone-iodine in saline), multilayer closure to obliterate the dead space, placement of postoperative
drains, occlusive dressings, postoperative antibiotics, and
nasal/body decontamination have also been described as
potential interventions to limit infections, although the evidence is limited [51−53].
Obese patients may require unique operative room setup and positioning [37]. Multiple people—that is, lift teams
—are required for positioning, both for sake of the patient
and the health-care providers; in fact, some states have
passed legislature pertaining to manual patient lifting [54].
Obese individuals may exceed the weight limits of the
spine-capable operative tables, which often vary from 500
to 1000 pounds. In these instances, it may be possible to utilize a setup with two flat Jackson beds, belted together, with
a Wilson frame strapped straddling both beds if the Wilson
frame has a higher weight rating (Fig. 2). Care must be
taken, however, to ensure that the weight limit of the Wilson
frame is not exceeded. Alternatively, the patient may be
placed on large gel rolls (eg, under sternum and pelvis).
One challenge in prone positioning is the accommodation
of an obese abdomen (or in some cases a large ventral hernia). The inability to position patients with a free-hanging
abdomen may lead to increased intra-abdominal pressure
and subsequently increased epidural venous pressure and
bleeding during surgery. Although some patients can fit on
a single Jackson frame, which can accommodate the abdomen, care must be taken to place additional padding around

Fig. 2. Positioning issues when a patient outweighs the table maximum weight. Two Jackson tables may be utilized with the patient centered on a Wilson
frame strapped to both. Several straps hold the two beds together and extra material is necessary to support the head which is elevated off the table surface.
Extra padding is used to accommodate the pannus and to maintain spinal alignment. Multiple people are required to position. The C-arm is arced overhead as
it cannot be positioned around both beds and patient.
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the sides of the frame to prevent skin pressure breakdown.
Although these techniques can accommodate the weight of
such patients, one limitation includes difficulty safely positioning the head and neck, which are often far above the
level of the bed due to abdominal obesity. One option is to
suspend the neck in tongs hooked up to 8−10 pounds of
traction, which allows neutral positioning of the head and
neck without placing the face in a standard padded head
holder, decreasing not only the risk for pressure sores to the
face, but also decreasing intraocular pressure and potentially the risk of postoperative vision loss [55]. Particular
care must be paid to appropriate padding, particularly of the
extremities, as morbidly obese patients, especially those
with BMI greater than 40, are at an increased risk of positioning-related peripheral neuropathy [7]. Finally, due to
body habitus and positioning modifications, the patient may
be relatively unstable on the bed; the use of wide silk tape
can help secure the patient in place.
Fluoroscopy is well-known to be more difficult in obese
patient populations [36]. Compromised intraoperative imaging due to excess soft tissue may lead to difficult visualization (Fig. 3) or, worse, wrong level surgery. Anteroposterior
(AP) views may be required to localize the surgical levels to
provide a targeted incision if possible. Similarly, AP views
may be useful in incision planning to find midline, when the
midline is not palpable or otherwise apparent, nor will it reliably be at the apparent center of the field due to drift of the
patient on the bed. Intraoperative CT or navigation may be
considered in patients where radiography is central to instrumentation, although image quality is generally significantly
degraded in more obese individuals and any specialized
tables required for the use of navigation may have insufficient weight limits. Additionally, intraoperative O-arm devices or CT scanners may not have a large enough aperture to
accommodate some patients. Flipping the C-arm over the
operative table may be required as its diameter will not
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accommodate going around a double-table set up (Fig. 2).
Fluoroscopy images may need to be taken in an oblique
nature if a true lateral is unable to be obtained due to size
limitations. This, however, requires the surgeon to be familiar with the appearance of normal anatomic structures in the
infrequently used oblique projection, which may limit image
utility. Furthermore, the difficulty of operating across such a
wide field should not be underestimated. It may be required
to deem the bottom (or sides lateral to the patient) of the
operative table as “nonsterile” and either lean or kneel on
any available space alongside the patient (keeping in mind
this addition also factors into the total weight limit of the two
beds). In both anterior and posterior cervical surgery, consideration should be given to a steep incline of the bed in order
to both help ventilation and to utilize gravity to pull the
excess tissue away from the operative field and improve
radiographic images. Wide silk tape may be used to help
straighten skin folds and keep the peri-incisional skin relatively taut, although too much traction may lead to skin
breakdown.
Significantly obese patients additionally provide technical surgical limitations, with poor operative corridors, poor
visualization, and possibly suboptimal instrumentation if
the surgical field is limited. Longer incisions may be
required. Longer instruments (eg, bayoneted bipolar forceps
or Kerrisons) may alleviate some difficulty in working in
deep incisions. Weitlaners utilized vertically and stacked
may be reasonable retraction when exposure width is limited as compared with depth (ie, cervical spine). The use of
self-retaining abdominal retractor frame systems, with their
relatively long blades, may be beneficial for posterior spinal
exposures in obese patients. Additionally, Phan et al. have
demonstrated lower fusion rates in obese (60%) compared
with normal-weight (88.2%) and overweight patients (76%)
[56]. Bone autograft harvesting can be technically challenging, so allograft or substitute may need to be used. These

Fig. 3. Poor quality intraoperative images in super obese patients increase the difficulty of spine surgery.
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patients are clearly in a demographic to benefit from minimally invasive surgery (MIS) techniques; however, it has
been our preference to not do such cases percutaneously
(and have had to abort such attempts), purely due to the difficulty of securing adequate radiographic anatomical
markers without excessive radiation to the surgical team.
When considering percutaneous screw placement, one useful technique is creating a midline incision down to fascia
and inserting Jamshidi needles through fascial incisions
rather than skin incisions, in order to minimize parallax
effects, improve maneuverability of the Jamshidis, and in
order to accommodate the length of the Jamshidi, which
may be insufficient for some obese patients. In this instance,
AP views may need to be obtained with saline irrigation in
the wound. The anterior retroperitoneal approach is also
feasible in the overweight or obese cohort; obese patients
have been shown to have increased durations of surgery
and longer lengths and depths of incisions, but similar vascular and infectious complications compared with patients
of normal weight [57,58].
Recent studies have demonstrated good results with MIS
techniques, although obese patients may have increased
surgery time, increased complications and less clinical benefits compared with nonobese counterparts [59−61]. Bohl
et al., for example, demonstrated that greater BMI is an
independent risk factor for undergoing a revision procedure
following a single level MIS lumbar discectomy [62]. MIS
techniques, compared with conventional open procedures,
however, may provide similar outcomes while decreasing

incision length, blood loss, operative time, and length of
stay [63]. Adogwa et al. reviewed patients with BMI >30
and demonstrated similar improvement in pain, functional
disability, and complication rates when comparing elective
open versus MIS-transforaminal lumbar interbody fusion
(TLIF) for degenerative disk disease or Grade I spondylolisthesis with central or foraminal stenosis who failed
medical management [64]. Similar TLIF results were seen
by Lau et al. in which obese patients had equivalent clinical
outcomes and complication rates compared patients with
normal weight [65]. Lastly, Park et al. demonstrated similar
complication risks when comparing patients over and under
BMI of 25 undergoing MIS spine surgery [66]. MIS techniques, however, have steep learning curves with potential
for difficult access to the spine pathology, greater working
distances, and poor imaging quality; therefore, proper surgical training, suitable patient selection, and careful choice of
surgical materials is important [60,67].
Postoperative issues, complications, and outcomes
Postoperatively, it is important to mobilize bariatric
patients as soon as is safe and possible. Additional people
and equipment may be necessary to decrease risk of injury
to the patient and health-care employees; motorized ceiling
lifts and “lift teams” have been shown to decrease the rate of
hospital-acquired pressure ulcers, decrease patient handlingrelated employee injuries, and improve employee satisfaction
while decreasing hospital costs [68]. A multidisciplinary

Fig. 4. Flow sheet depicting a general decision tree regarding an obese patient who presents with spine pathology.
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team, including nutritionists, dieticians, social workers, and
physical and occupational therapists should be involved.
Obese patients are at an increased risk of venous thromboembolism, which is further compounded in trauma patients [34].
Sequential compression devices, if able to be fitted appropriately, along with appropriate weight-adjusted dosing of lowmolecular-weight heparin (LMWH) prophylaxis help reduce
incidence of deep venous thrombosis and pulmonary embolism. For high risk patients, (eg, obese patient with spinal
cord injury), prophylactic vena cava filters or initiation of
anticoagulation may be warranted and has been done at our
institution.
Several studies suggest that postoperative outcomes are
inferior in the obese population compared with the nonobese
population. Giannadakis et al. determined that nonobese
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patients had more improvement in back and leg pain and had
shorter surgeries in the setting of decompressive surgery for
lumbar spinal stenosis [69]. Onyekwelu et al. similarly demonstrated slightly worse back pain scores at 2 years postoperatively in obese patients requiring lumbar decompression
without fusion [41]. Elsayed et al. demonstrated that both
obese and nonobese patients had significant improvements in
pain scores after lumbar decompressive surgery for stenosis,
but obese patients continued to report greater pain at 3 months
postoperatively that later resolved by 12 months [70]. Bohl
et al. demonstrated increased need for revision surgeries in
patients with greater BMI, and lastly, Wilson et al. demonstrated that increased BMI was associated with increased
postoperative disability in patients undergoing surgery for
degenerative cervical myelopathy [62,71].

Fig. 5. Maximizing surgical outcomes in obese patients: various ways to mitigate preoperative, intraoperative, and postoperative challenges.
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It is unclear whether obese patients undergoing surgery
experience greater weight loss postoperatively. Joseph at al.
demonstrated that patients undergoing a successful TLIF
procedure with improved function and pain scores did not
have significant change in weight postoperatively [72]. Akins
et al., however, demonstrated that obese and extremely obese
patients undergoing lumbar spine fusions experienced more
significant weight loss compared with nonobese patients, perhaps due to improvements in back pain and increased physical activity, or perhaps due to the fact they had more excess
weight to lose [73].
It is important to note that not all studies demonstrate
significant differences between obese and nonobese
patients. Pereira et al. found no differences in surgical site
infections, surgical complications, and reoperation rates
due to BMI in the setting of degenerative lumbar spine disease [74]. Buerba et al. did not find increased complication
rates after anterior or posterior cervical fusion in the 30-day
postoperative period with larger BMI, a conclusion echoed
by Narain et al. demonstrating comparable surgical outcomes, narcotics consumption, and hospital costs among
different BMI classes undergoing anterior cervical discectomy and fusion [75,76]. Lingutla et al. performed a systematic review and meta-analysis of lumbar spine fusion in
obese and nonobese patients and found no difference in pain
and functional outcomes [8]. Chotai et al. studied the effect
of obesity on cost per quality-adjusted life years gained following anterior cervical discectomy and fusion surgery in
elective degenerative pathology; the authors found no significant differences in postdischarge health-care resource utilization, direct cost, indirect cost, and total cost between obese
and nonobese patients at postoperative 1-year and 2-year follow-up [77]. Finally, several studies demonstrate similar outcomes between obese and nonobese patients when utilizing
minimally invasive techniques [61,66,78].
The ability to compensate for positive sagittal malalignment is different between obese and nonobese patients,
with the obese population employing lower extremity compensatory mechanisms as opposed to pelvic mechanisms
[79]. Different compensatory mechanisms, in addition to
various comorbidities often associated with obesity, may be
just some of the reasons the obese and nonobese populations have different responses to surgery, all factors the
spine surgeon must be cognizant of. MIS (eg, via tubular
systems) or percutaneous techniques—by decreasing the
amount of surgical incision, dead space, and potential paraspinal muscle damage via retraction—may decrease blood
loss, accelerate postoperative recovery and mobilization,
hospital stay, and overall perioperative morbidity [80−83].
As such, the authors propose that if spine surgery is indicated on an obese patient and bariatric surgery is not an
option or has already been utilized, that anterior cervical
or MIS/percutaneous approaches be employed when reasonable (Fig. 4). Fig. 5 summarizes the various ways to
mitigate preoperative, intraoperative, and postoperative
challenges when caring for obese patients.

Conclusions
Obese patients present several challenges to the spine
surgeon. Certain precautions can be undertaken preoperatively, intraoperatively, and postoperatively to mitigate the
associated risks to and to optimize outcomes.
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