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Abstract

Increasing numbers of patients who have undergone
bariatric surgery are now presenting to orthopedic sur-
geons for elective arthroplasties. In addition, orthope-
dic surgeons themselves are referring more patients
for consideration of bariatric surgery in anticipation of
future elective procedures. Although the full effects
of bariatric surgery on metabolism are not yet known,
the altered digestion associated with these surgeries
poses several issues for orthopedic surgeons.

In this article, we address 3 aspects of care of this
class of patient: review of the most commonly per-
formed procedures and their metabolic consequenc-
es; suggested preoperative assessment of bariatric
patients for any conditions that should be corrected
before surgery; and evaluation of outcomes of elective
procedures performed after bariatric surgery. Aware-
ness of the unique characteristics of this group of pa-
tients helps minimize the potential for complications of
planned orthopedic surgeries.

n estimated 220,000 bariatric surgeries are per-

formed annually in the United States and Canada,

and 344,221 procedures worldwide.! Not only are
orthopedic surgeons seeing more patients who have had bar-
iatric surgery, they are also referring morbidly obese patients
to bariatric surgeons before elective procedures.” Patients with
body mass index (BMI) over 40 kg/m’ are candidates for sur-
gical treatment of obesity. Comorbid conditions directly re-
lated to obesity, including diabetes, respiratory insufficiency,
and pseudotumor cerebri, decrease the BMI of eligibility to
35 kg/m’. Other considerations are failure of nonsurgical
weight-loss methods, such as dietary programs for weight
reduction, behavioral modification programs, and phar-
macotherapy. Patients’ psychological stability is extremely
important given the rigorous dietary changes required after
surgery.® Although weight-loss surgery can eliminate many
of the complications of obesity, bariatric patients even with
weight loss have increased operative and postoperative risks,
likely because of alterations in nutrient absorption. Knowledge

of the pathophysiology associated with bariatric surgery can
assist orthopedic surgeons in optimizing medical and surgical
management of patients’ musculoskeletal issues.

Bariatric Surgery

Surgically induced weight loss works by reducing quantity of
food consumed and absorption of calories. Jejunoileal bypass,
one of the first procedures used, significantly decreased the
absorptive area for nutrients, which led to complications such
as diarrhea, cirrhosis, and nephrolithiasis.* This surgery is no
longer performed, and current procedures try to minimize
the risks of malabsorption.®

The 2 types of bariatric surgeries now available in the Unit-
ed States are gastroplasty and gastric bypass, both of which
are performed laparoscopically.® Gastroplasties are purely re-
strictive procedures, which reduce stomach volume. In gastric
banding, the most common gastroplasty, a silicone band is
placed around the proximal stomach to create a 15-mL pouch
in the cardia. Sleeve gastrectomy also reduces stomach vol-
ume, to about 25%, by stapling along the greater curvature.
In both procedures, consumed calories are restricted, but the
gastrointestinal tract is left in continuity, and essential nutri-
ents are properly absorbed.” However, failure rates are higher,
and weight loss more variable, than with gastric bypass pro-
cedures.?

Gastric bypass uses both restriction and malabsorption to
increase weight loss.” A gastric pouch (15-30 mL) is created
by stapling across the cardia of the stomach. The jejunum is
then divided, and the distal portion of the divided jejunum
anastomosed to the small proximal stomach pouch. This cre-
ates the roux limb where food passes. The duodenum is ex-
cluded, and the proximal portion of the jejunum is attached to
the roux limb to provide a conduit for biliary and pancreatic
digestive secretions. Weight loss is caused by both reduction
in stomach size and malabsorption of calories owing to the
diversion of digestive enzymes and the decrease in absorptive
surface area. Only 28% of ingested fat and 57% of ingested
protein are absorbed’ (Table 1).

Metabolic Consequences

Nutrient deficiencies are seen more often in the malabsorp-
tive procedures; however, patients with restrictive procedures
may have poor eating habits and are therefore also at risk."
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In fact, many patients have nutritional deficiencies predating
their bariatric surgery, as obesity creates a chronic inflamma-
tory state that leads to anemia of chronic disease. Schweiger
and colleagues'" assessed the nutritional status of bariatric sur-
gery candidates and noted a high incidence of iron and folic
acid deficiencies with corresponding anemia. They concluded
these deficiencies stemmed from calorie-dense diets high in
carbohydrates and fats. Although patients may improve their
diet after surgery with concomitant nutritional counseling,
deficiencies in iron, calcium, vitamin B,,, folate, and vitamin
D are common'’ (Table 2).

Iron deficiency continues after bariatric surgery because
dietary iron must be converted to its absorbable form by hy-
drochloric acid secreted from
the stomach. As stomach vol-
ume is reduced, there is a cor-

dures because of decreased dietary intake from intolerance.
Malabsorptive procedures also decrease pepsinogen secretion
and reduce the intestinal absorption surface.

Considerations for Orthopedic Surgeons
Wound Healing

Much of our knowledge of the effects of bariatric surgery on
skin and wound healing has been gleaned from samples ob-
tained from patients during abdominoplasty or other body-
contouring procedures. These samples have all shown a decrease
in hydroxyproline, the major constituent of collagen and the
main factor in determining the tensile strength of a wound.”
D’Ettorre and colleagues® performed biopsies of abdominal

Table 1. Weight-Loss Surgery Options

responding decrease in acid

Restrictive Malabsorptive

secretion. The result is that
iron deficiency occurs in both
restrictive and malabsorptive
procedures.”® Moreover, with
the diversion from the duo-
denum and the proximal je-
junum in bypass surgery, the
main areas of absorption are
excluded.'’ Patients may re-
quire intravenous therapy for

Options

Nutrient deficiencies

Gastric banding Roux-en-Y

Gastrectomy

Decreases size of stomach
Decreases area of absorption

Easier to reverse

Decreased risk of metabolic deficiency

iron-deficiency anemia—or
oral supplementation com-
bined with ascorbic acid to increase stomach acidity.

As calcium is absorbed mainly in the duodenum and the
jejunum, patients who undergo malabsorptive procedures can
absorb only 20% of the amount ingested.'* Restrictive pro-
cedures do not have the same effect on calcium absorption;
however, patients may have reduced dietary lactose intake and
be at risk for deficiency.

A study by Ducloux and colleagues'® found that 96% of
bariatric surgery patients had vitamin D deficiency before the
procedure. After malabsorptive procedures, the decrease in
bile salts leads to an inability to break down fat-soluble vi-
tamins and to uncoordinated mixing of food and bile secre-
tions.'® Restrictive procedures do not carry this risk, though
many patients still require supplementation because of their
underlying deficiency.

The decrease in stomach size causes a decrease in intrinsic
factor from parietal cells, with subsequent inability to appro-
priately transport vitamin B,,. Exclusion of the duodenum
also eliminates the site of absorption; therefore, B,, should
be replaced orally." Megaloblastic anemia is a rarely reported
sequela.'”'® Folate deficiency is less common because it can
take place in the entire intestine after surgery, even though
absorption occurs primarily in the proximal portion of the
small intestine.'

Protein deficiency can result in loss of muscle mass and
subsequent muscle weakness, edema, and anomalies of the
skin, mucosa, and nails.”? It is seen after both types of proce-
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Table 2. Comparison of Gastroplasty and Gastric
Bypass Procedures

Gastroplasty Gastric Bypass
Type Restrictive Malabsorptive
Metabolic deficiencies Iron Iron
Vitamin By, Vitamin B,
Protein Protein
Calcium
Vitamin D

Orthopedic complications Wound healing Wound healing
Osteopenia

skin before and after biliopancreatic diversion and noted that
tissue proteins, including hydroxyproline, were significantly
reduced. Histologic examination revealed disorganized dermal
elastic and collagen fibers. In addition, all patients involved in
the study had wound-healing problems, with delayed healing
of 25 days, compared with 12 days in nonbariatric patients.
Deficiencies in vitamins B,,, D, and E, as well as folate and total
tissue protein, were implicated as causative factors.

Effects on Bone

Malabsorptive procedures decrease bone mineral density
(BMD) through their effects on calcium and vitamin D. BMD
is also decreased because these procedures lower levels of
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plasma leptin and ghrelin, increase adiponectin, and reduce
estrogen in women.” The BMD decline correlates with amount
of weight lost.” This complication is not seen in restrictive pro-
cedures, even though patients may have decreased calcium and
vitamin D levels.”® The exact effect on BMD and on subsequent
risk for osteopenia and osteoporosis is difficult to quantify, as
obese patients have higher BMD than age-matched controls
do, because of increased mechanical loading. In a prospective
study, Vilarrasa and colleagues™ found a 10.9% decrease in
femoral neck BMD in women 1 year after Roux-en-Y with 34%
weight loss, despite supplementation with 800 IU of vitamin
D and 1200 mg of calcium daily.

Fracture Healing

Although BMD is decreased in patients after gastric bypass
surgery, there has been only 1 recorded case of fracture non-
union after bariatric surgery—involving a distal radius fracture
in a patient who had undergone jejunoileal bypass surgery.”
Hypovitaminosis has a detrimental effect on bone repair and
BMD, increasing the risk for fracture from minor trauma; how-
ever, delayed union and nonunion have not been reported as
consequences.*

Pharmacology
Both restrictive and malabsorptive procedures decrease drug
bioavailabilty from tablet preparations by shortening the sur-
face area available for absorption and diminishing stomach
acidity.”” These consequences pose a problem particularly for
extended-release formulations, as these formulations are not
given enough time to dissolve and reach therapeutic concentra-
tions.” Also affected is warfarin, which requires a larger dose
to maintain therapeutic international normalized ratio. Anti-
biotics may have reduced bioavailability because of decreased
transit time. Therefore, liquid
preparations are preferred, as
they need not be dissolved.

As there is no reported
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not be used either. Alendronate causes esophageal ulceration;
however, no such complication has been reported with teripa-
ratide® (Table 3).

Preoperative Evaluation

As already discussed, patients who undergo weight-loss sur-
gery are at higher risk for wound-healing complications be-
cause of nutritional deficiencies. Total protein, albumin, and
prealbumin levels and total lymphocyte count should be used
to identify protein deficiency, which can decrease the likeli-
hood of organized collagen formation. Huang and colleagues®®
noted a statistically significant increase in complications after
total knee arthroplasty (TKA) in patients with a prealbumin
level under 3.5 mg/dL or a transferrin level under 200 mg/dL.
Rates of prosthetic joint infection and development of hema-
toma or seroma requiring operative management were much
higher, as were rates of postoperative neurovascular, renal, and
cardiovascular complications.

Serum levels of vitamin A, folate, vitamin B,,, and vita-
min C should also be ordered, as many patients are deficient.
Transferrin levels should be checked before surgery, as iron-
deficiency anemia is common. Naghshineh and colleagues**
noted an anecdotal decrease in wound-healing complications
in body-contouring surgery after correction of subclinical
and clinical deficiencies in protein, arginine, glutamine, vi-
tamin A, vitamin B ,, vitamin C, folate, thiamine, iron, zinc,
and selenium. Zinc deficiency was similarly implicated in
wound-healing complications by Zorrilla and colleagues,***
who found a statistically significant delay in wound healing in
patients with serum zinc levels under 95 mg/dL after total hip
arthroplasty (THA)* and hip hemiarthroplasty.*®

To facilitate bone healing, physicians should give patients
a thorough workup of levels of serum and urine calcium,

Table 3. Medications to Be Avoided in Bariatric Patients, and
Suggested Alternatives

change in intravenous bioavail- ~ Medication to Be Avoided

Effect Alternative

ability with preoperative and
postoperative antimicrobial
prophylaxis, this is the pre-
ferred administration method.”
However, obese patients in gen-
eral may have altered pharma-
cokinetics, including increased

Antibiotics (tablets)

Nonsteroidal anti-inflammatory drugs

Gastric ulceration Acetaminophen/tramadol

Inadequate absorption Liquid preparations

glomerular filtration rate, and
in most cases they should be
treated with higher levels of antibiotics.*’

Nonsteroidal anti-inflammatory drugs (NSAIDs) should
be avoided in all patients. The acidic composition of NSAIDs
causes direct injury to the gastric pouch. NSAIDs also injure
the gastrointestinal lining by inhibiting prostaglandin synthe-
sis, which thins the mucosa. In turn, erosions and ulcers may
form in the epithelial layer.’' Acetaminophen or a centrally
acting agent (eg, tramadol) is recommended instead. Aspirin
has a chemical structure similar to that of NSAIDs and should
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Table 4. Suggested Presurgical Workup for Bariatric
Patients

Wound Healing Bone Healing

Total protein Serum and urine calcium

Albumin 24-Dihydroxyvitamin D
Prealbumin Alkaline phosphatase
Total lymphocyte count Parathyroid hormone
Transferrin
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24-hydroxyvitamin D, and alkaline phosphatase. Osteomalacia
typically presents with high alkaline phosphatase levels® and
secondary hyperparathyroidism. Therefore, physicians should
monitor for these conditions. Although nonunion and aseptic
loosening have not been reported as consequences of bariatric
surgery, bone health should nevertheless be optimized when
possible (Table 4).

Elective Orthopedic Surgery

Little is known about the true effect of weight-loss surgery
on subsequent orthopedic procedures. Few investigators have
explored the effect of surgery on arthrodesis, and the only
recommendation for orthopedic surgeons is to be prepared
for poor bone healing and the possibility of nonunion.*® Hi-
dalgo and colleagues® studied laparoscopic sleeve gastrectomy
performed a minimum of 6 months before another elective
surgery. Two patients had lumbar laminectomies, 2 had lum-
bar discectomies, 1 had a cervical discectomy, and 1 had a
rotator cuff repair. By most recent follow-up, there were no
complications of any of the orthopedic procedures, and all
patients had healed.

There is no recommended amount of time between bariat-
ric surgery and elective orthopedic surgery. Maximum weight
loss and stabilization are typically achieved 2 years after sur-
gery.*® However, elective orthopedic surgery has been per-
formed as early as 6 months after bariatric surgery. Inacio and
colleagues* studied 3 groups of patients who underwent total
joint arthroplasty (TJA): those who had it less than 2 years after
bariatric surgery, those who had it more than 2 years after
bariatric surgery, and those who were obese but did not have
bariatric surgery. Complications of TJA occurred within the
first year in 2.9% of the patients who had it more than 2 years
after bariatric surgery, in 5.9% of the patients who had it less
than 2 years after bariatric surgery, and in 4.1% of the patients
who did not undergo bariatric surgery. Similarly, Severson and
colleagues’ evaluated intraoperative and postoperative compli-
cations of TKA in 3 groups of obese patients: those who had
TKA before bariatric surgery, those who had TKA less than 2
years after bariatric surgery, and those who had TKA more than
2 years after bariatric surgery. Gastroplasty and bypass patients
were included. BMI was statistically significantly higher in the
preoperative group than in the other 2 groups, though mean
BMI for all groups was above 35 kg/m?. Operative time and
tourniquet time were reduced in patients who had TKA more
than 2 years after bariatric surgery, but there was no signifi-
cant difference in anesthesia time. There was also no differ-
ence in 90-day complication rates between patients who had
TKA before bariatric surgery and those who had it afterward.
Severson and colleagues’ recommended communicating the
risks to all obese patients, whether they undergo weight-loss
surgery or not.

Arthroplasty

Obese patients have a higher rate of complications after ar-
throplasty—hence the referrals to bariatric surgeons. Bariatric
surgery and its associated weight loss might improve joint pain
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and delay the need for arthroplasty in some cases.*? Obese
people are prone to joint degeneration from the excess weight,
and from altered gait patterns (eg, exaggerated step width,
slower walking speed, increased time in double-limb stance).”
Gait changes are reversible after weight loss.** Hooper and
colleagues* found a 37% decrease in lower extremity com-
plaints after surgical weight loss, even though mean BMI at
final follow-up was still in the obese range.

Obesity itself is a risk factor for ligamentous instability,
but it is unclear whether the risk is mitigated by bariatric sur-
gery. Disruption of the anterior fibers of the medial collateral
ligament is more common in obese patients, as are complica-
tions involving the extensor mechanism (eg, patellofemoral
dislocation). As a result, slower postoperative rehabilitation is
recommended.*® Although there is no recorded link between
bariatric surgery and the development of ligamentous laxity,
surgeons should be aware of the potential for medial collateral
ligament avulsion in obese and formerly obese patients and
have appropriate implants available.

Kulkarni and colleagues” compared the rates of hip and
knee arthroplasty complications in patients who were obese
before bariatric surgery and patients who were still obese
after bariatric surgery. Gastroplasty and bypass patients were
included. Data on superficial wound infections were excluded;
however, the bariatric surgery group’s deep wound infection
rate was 3.5 times lower, and its 30-day readmission rate was
7 times lower. There was no difference in dislocation and hip
revision rates at 1 year. Although 1 patient in the bariatric
surgery group died of an unknown cause 9 days after surgery,
Kulkarni and colleagues* concluded it is safer to operate on
obese patients after versus before bariatric surgery. However,
their study did not include mean BMI, so no conclusion can
be drawn about the risk of operating on patients who were
still obese after bariatric surgery.

Studies of weight loss in primary TJA patients have had
conflicting findings.*® Trofa and colleagues* reported that 15
patients who underwent arthroplasty a mean of 42.4 months
after bariatric surgery lost 27.9% more of their original BMI
compared with patients who underwent bariatric surgery but
not arthroplasty. This relationship between arthroplasty and
weight loss was strongest in patients who underwent knee
arthroplasty, with an average of 43.9% more BMI lost com-
pared to patients who did not undergo TKA. There was no
significant change in BMI in patients who underwent THA
and bariatric surgery compared with patients who underwent
bariatric surgery but not THA.

Parvizi and colleagues®® assessed the results of 20 arthro-
plasties (8 THAs, 12 TKAs) performed in 14 patients a mean
of 23 months after bariatric surgery (2 gastroplasties, 12 by-
pass surgeries). Mean BMI was 29 kg/m’. At final follow-up,
1 patient required revision THA for aseptic loosening, but all
the others showed no evidence of radiographic loosening or
wear. One patient had a superficial wound infection, and 1
had a deep wound infection. Parvizi and colleagues®® reported
that arthroplasty after bariatric surgery is a viable option and
is preferable to operating on morbidly obese patients.
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Summary

Orthopedic surgeons are increasingly performing elective hip
and knee arthroplasties on patients who have undergone bar-
iatric surgery. Although bariatric surgery may alleviate some
of the complications associated with surgery on morbidly
obese patients, it should be approached with caution. Studies
have shown that bariatric surgery patients are at increased risk
for wound-healing and other complications, often caused by
unrecognized preoperative nutrient deficiencies. In addition,
patients are often unable to tolerate commonly used medica-
tions. The exact timing of bariatric surgery relative to elective
orthopedic procedures is unclear. Surgeons should perform a
preoperative evaluation based on type of bariatric surgery in or-
der to reduce the likelihood of adverse events. Such preemptive
therapy may improve the short- and long-term results of major
reconstructive surgery. Further research is needed to determine
the true effect of bariatric surgery on orthopedic procedures.
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