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 Introduction

Musculoskeletal conditions are among the most disabling 
and costly conditions affecting the American population. As 
the US population rapidly ages, musculoskeletal impair-
ments will increase. By the year 2030, the number of indi-
viduals in America over the age of 65 will double, with 
people above 85 years of age constituting the fastest-growing 
segment of our society [1]. Similar demographic changes are 
predicted for Europe. Bone and joint disorders account for 
more than one half of reported conditions in people over the 
age of 50 and are the most common cause of pain and dis-
ability. In 2011 53% of the US population was considered to 
have musculoskeletal disorders or diseases [1].

The economic impact of musculoskeletal disease is enor-
mous. The projection of direct costs of the medical care 
required to treat musculoskeletal conditions from 2002 to 
2004 was $510 billion, or 4.6% of our nation’s gross domes-
tic product (GDP). Indirect costs resulting from lost wages 
due to inability to perform one’s job added another $331 bil-
lion, or 3.1% of GDP [1]. From 1998 to 2011, these costs 
were estimated to have increased 105%. Advances in the care 
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Objectives
• To document the prevalence of musculoskeletal dis-

eases which require hospitalization and often surgi-
cal treatment

• To present the typical outcomes of surgical treat-
ment of musculoskeletal conditions

• To present the risk and incidence of complications 
associated with surgical care of musculoskeletal 
conditions

Key Points
• The majority of hospitalizations and indications for 

surgery for musculoskeletal conditions result from 
degenerative diseases of the spine and major lower 
extremity joints.

• Spinal surgery, which follows careful selection cri-
teria, typically results in pain relief, improved func-
tion, and improved quality of life which is 
maintained over long-term periods of observation.

• Complications following spinal surgery are affected 
by the age of the patient, anatomic location of dis-
ease, and the surgical approach. Older patients with 
preexisting comorbidities, posterior approaches to 
the cervical spine, and anterior approaches to the 
thoracolumbar spine are associated with higher 
risks of postoperative complications.

• Rapid growth in the demand for total hip and total 
knee arthroplasty has occurred over the past decade 
reflecting aging of the population as well as the suc-
cess and safety of these procedures.

• Morbidity and mortality following total hip replace-
ment (THR) and total knee replacement (TKR) are 
rare, and the incidence of complications and death 
has decreased over time. Thromboembolic events 
have been reduced with adoption of routine prophy-
laxis protocols.

• Myocardial infarction occurs in approximately 3% 
of patients, and stroke in 0.5% and patients over 
70 years of age appear to be at greater risk.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-35570-8_3&domain=pdf
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of patients with musculoskeletal diseases that mitigate the 
long-term suffering and economic impact of these conditions 
and help these patients return to full and active lives are 
clearly the goal for all physicians involved in their care.

The majority of hospitalizations and indications for sur-
gery for musculoskeletal conditions result from degenerative 
diseases of the spine and major lower extremity joints. The 
aims of this chapter are to review the current incidence of 
degenerative disorders of the spine that lead to reconstructive 
spine surgery and to review the incidence of complications 
resulting from spine surgery as well as the incidence and 
prevalence of osteoarthritis of the hip and knee leading to the 
frequency of total hip and total knee arthroplasty procedures. 
The frequency of complications following these procedures 
will also be reviewed.

 Incidence of Degenerative Disorders 
of the Spine

Lumbar spine disorders are more common than cervical 
spine disorders, but combined they represent one of the most 
frequent reasons for physician visits and hospitalization. The 
majority of patients presenting with back pain are in the age 
group between 18 and 64 years of age [1]. In many of these 

cases, patients lose work days compounding the financial 
and societal impacts of the problem.

Lower back pain is the most frequently reported single site of 
pain in the back. In 2004, between 30% and 40% of people in the 
USA report experiencing low back pain in a previous 3-month 
period [2, 3]. Overall, about one in two persons report experienc-
ing back pain at least once a year, which is a greater rate of pain 
than that reported for hips, knees, or upper limbs (Fig.  3.1). 
Degenerative disk disorder of the spine is the most common dis-
ease entity associated with lower back pain. In 2004, lumbar disk 
disorders, including disk degeneration and herniation, comprised 
27% of hospitalizations and were seen most frequently among 
persons aged 45–74. In 2011 52 million US citizens visited a 
physician for evaluation and treatment of low back pain [1]. 
Although cervical/neck pain is less common than lower back 
pain, it is still a very common reason for physician visits, account-
ing for 1.5% of all health-care visits. Both low back pain and 
neck pain are found more commonly among females.

 Incidence of Spine Procedures

Nonsurgical intervention is usually the preferred initial treat-
ment for back pain. Spine surgery may be indicated in cases 
of severe intractable pain that causes significant disability. 
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Fig. 3.1 Prevalence of self-reported joint pain by site for persons aged 18 and over in two national health surveys, USA 1999–2005. NHANES 
National Health and Nutrition Examination Survey, NHIS National Health Interview Survey. (Used with permission of AAOS from Jacobs [91])
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The three most frequently performed spine procedures in 
2004 were diskectomy, spinal fusion, and spinal decompres-
sion (Fig. 3.2).

Spinal diskectomy was the most common spine procedure 
in 2004, performed in 325,300 cases accounting for 34% of 
all spine procedures. As of 2011 this figure has risen to 
370,000 cases [4]. Approximately 60% of these diskecto-
mies were performed for degenerative disease of the lumbar 
spine (disk degeneration, spondylosis, spinal stenosis) and 
around 30% for cervical indications. The most common pri-
mary diagnosis in cervical spine fusion cases is cervical disk 
displacement (19%).

Spinal fusion, the second most common spine procedure 
performed in 2004, may be done in conjunction with spinal 
decompression. In 2004, over 307,800 spine fusion proce-
dures were performed (32% of all spine procedures). That 
number has risen to 450,000 for 2011. Lumbar spinal fusion 
rates have increased more rapidly than the rates of cervical or 
thoracic fusion [5, 6], and in 2004, the number of lumbar 
fusion procedures was higher than cervical procedures, 
accounting for 46% versus 41% of all fusion procedures. It 
should be noted, however, that rates of lumbar fusion vary 
dramatically among geographic regions, hospitals, and even 
between surgeons in the same hospital, probably due to the 
variation in consensus regarding the indications for and the 
outcomes of lumbar fusion [7]. Decompression procedures 
that are presumably performed for spinal stenosis were per-
formed in 160,000 cases during 2004 and 170,000 by 2011 
representing 17% of spine procedures.

The population of lumbar spine stenosis represents a 
growing public health challenge for spine surgeons around 
the world. The literature showed good outcomes after elec-
tive surgical management of lumbar stenosis and stable 
pain relief up to 10  years [8–10]. A recent observational 
cohort study sought to compare the improvement in patient 

self- reported quality of life after lumbar spine surgery 
(decompression alone or decompression and fusion) with 
the benchmark set by total joint arthroplasty [11]. With 
strict patient selection criteria and appropriate nonsurgi-
cal management, the results of this study showed excellent 
improvement in patient-reported quality of life after both 
decompression alone and decompression and fusion for 
lumbar stenosis. At 2 years after surgery, 85% and 80% of 
patients reported improved physical and mental quality of 
life questionnaires, respectively, which is comparable to that 
of total hip and total knee arthroplasties. Several studies have 
shown that the initial results of surgery, particularly regard-
ing relief of leg symptoms, can be reasonably maintained 
(60–80%) in the long term with an approximate reoperation 
rate of 1–2% per year [10, 12–16].

The incidence of spinal fusion expressed as the number 
of procedures performed per 100,000 persons in the popula-
tion has increased dramatically over the past 15  years. In 
1998 the incidence was 85 per 100,000, which has risen to 
122 per 100,000  in 2004. The likely explanations for this 
increase are advances in spinal instrumentation technology, 
improvements in the resolution of diagnostic imaging, and 
the broadening of indications for spine surgery. However, 
some of the increase must be attributed to the aging of the 
population with an accompanying increased incidence of 
spinal disorders as well as increased training in spinal 
surgery.

 Incidence of Complications After Spine 
Surgery

Before reviewing the literature for incidence of complica-
tions in spine surgery, it is crucial to realize that reported 
incidence rates vary significantly due to several factors, 
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Fig. 3.2 Select spine 
procedures as a proportion of 
all spine procedures, USA 
2004. (Used with permission 
of AAOS from Jacobs [91])
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including: (1) definition and classification of complications, 
(2) study methodology, (3) surgeon-related factors, (4) 
procedure- related factors, and (5) patient-related factors.

 Definition and Classification of Complications

Efforts to understand, report, and reduce complications in 
spine surgery have been hampered as a result of the lack of a 
meaningful and universally acceptable definition. The com-
plex field of spine surgery has been a particularly challeng-
ing area for the development of a consensus to constructively 
define and classify complications. The term “complication” 
is typically used with an emphasis on events that occur intra-
operatively or immediately after surgery. Some authors 
developed severity scores to better measure the severity of 
adverse events [17], whereas others used spine surgeon sur-
veys that are validated through parallel assessment of patients 
undergoing spine surgery [18]. Several studies have graded 
complications as minor, moderate, or major [19–21].

Rampersaud and colleagues used the term “adverse 
events” to describe “any unexpected or undesirable event(s) 
occurring as a direct or indirect result of surgery” and 
defined a complication as a disease or disorder resulting 
from surgery that will change the expected outcome of the 
patient [22]. According to these definitions, 98 intraopera-
tive adverse events out of 700 surgeries (14%) were reported, 
but only 23 of them resulted in acute postoperative clinical 
complications (3%). For example, a dural tear was reported 
in 58 cases, but after primary repair, only 8 patients contin-
ued to have CSF leak and headache. Therefore, a study 
investigating the incidence of CSF leaks may underestimate 
the incidence of dural tears, leading to conflicting incidence 
reports, and a false sense of security that overlooks proto-
cols that could easily minimize or prevent these typically 
“inconsequential” adverse events. Unfortunately, the overall 
strength of the evidence to establish a standardized system 
for grading and defining complications in spine surgery is 
low indicating that further exploration and standardization 
are needed [23].

 Study Methodology

Retrospective studies may underestimate actual complica-
tion incidence through the introduction of investigator recall 
bias [24, 25]. A disproportionate reliance on the memory of 
investigators and accuracy of medical records may lead to 
falsely low or high reported rates of complication. Also, the 
reliance on the International Classification of Diseases (ICD- 
9) codes to search complications and procedures compro-
mises the quality of data. This method inherently limits the 
scope and therefore the incidence of complications. In addi-

tion, ICD-9 codes do not address the severity of complica-
tion. For example, Deyo and colleagues [26] retrospectively 
analyzed a statewide hospital discharge registry and com-
piled data on more than 18,000 hospitalizations over a 2-year 
period. The authors reported an overall complication rate of 
10.3% for the surgical treatment of degenerative lumbar 
spine disease. However, since they used ICD-9 codes for 
identifying complications, the most frequently listed compli-
cations were unspecified or unclassified (2.5%); thus, it was 
impossible to gauge their severity. Moreover, ICD-9-CM 
codes were used to describe the surgical procedure, which do 
not provide more details about the procedures such as the 
number of levels, use of microsurgical techniques, or meth-
ods of arthrodesis.

One systematic review of spine surgery articles assessing 
complications of surgery indicated that retrospective reviews 
underestimate the incidence of complications. Overall, pro-
spective studies reported a higher incidence of complications 
(19.9%) than did retrospective studies (16.1%, p  <  0.001, 
OR 1.3) [19]. Moreover, duration of follow-up correlated 
with complication incidence, with longer periods of fol-
low-up associated with an increased incidence of operative 
complications.

 Surgeon-Related Factors

Due to the wide range of complication rates of spine sur-
gery, some authors have questioned the effect of the sur-
geon’s experience on complication rates. Wiese and 
colleagues compared the incidence of durotomy between 
surgeons who had performed 50–100 and those who per-
formed >500 microdiskectomies and demonstrated a higher 
incidence of overall complications rate in the former group 
(10.7% versus 2.2%, p  <  0.001) [27]. However, another 
recent retrospective study of more than 108,000 cases per-
formed by members of the Scoliosis Research Society 
(SRS) did not find a difference in the incidence of durotomy 
depending on surgeon experience, with active members pre-
sumably having more and candidate members presumably 
having less experience [28]. Although not specifically 
assessed, the vast majority of candidate members of the SRS 
are fellowship-trained spine surgeons dedicated to the treat-
ment of complex spinal conditions. This may contrast with 
the less experienced group described in the study of Wiese 
and coauthors.

 Procedure-Related Factors

Complications also vary in severity and incidence among 
the different surgical approaches and anatomical regions. 
For example, in cervical spine surgery, the posterior 
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approach- related complications include pain from injury to 
paraspinal muscles, epidural hematoma, and neurological 
injury, whereas dysphagia, recurrent laryngeal nerve dam-
age, and rarely tracheal or esophageal perforation can occur 
with an anterior approach [29, 30]. As for the different ana-
tomical regions of the spine, one meta-analysis indicates 
that thoracolumbar procedures have significantly more 
complications than in cervical procedures (17.8% versus 
8.9%, p < 0.001) [19].

Overall complication rates in cervical spine surgery range 
from 0.1% to 19.3% and the mortality rates from 0.1% to 
0.8% [23]. Although an anterior approach is associated with 
a greater incidence of dysphagia and hoarseness, the poste-
rior approach, particularly posterior fusion procedures, has 
been consistently associated with greater incidence of com-
plications and perioperative morbidity and nearly double 
resource utilization including hospital length of stay, infla-
tion adjusted cost, and likelihood of discharge to an assisted- 
living facility [31–33]. A population-based analysis of 
771,932 anterior cervical spine fusions from the National 
Hospital Discharge Survey (NHDS) showed an overall 
procedure- related complication rate of 7.23% in the period 
1990–1994, 5.05% in 1995–1999, and 4.82% in 2000–2004 
[34]. See Fig. 3.3. A reduction was seen for all organ-specific 
complications between 1990 and 2004, except for cardiac 
and respiratory. In-hospital mortality decreased from 0.93 to 
0.2 and 0.18% in the time periods 1990–1994, 1995–1999, 
and 2000–2004.

In lumbar procedures, the overall complication rates 
range from 3.7% to 12.8% [23]. Reoperation rates range 
from 0.5% to 19% and are highest in fusion procedures. In 
general, fusion procedures appear to be associated with a 
higher overall rate of complication [26, 35]. The introduction 
of minimally invasive approaches and techniques does not 
appear to have reduced this higher complication risk when 
fusion accompanies decompression [36]. In a recent study, 
data collected between 1998 and 2006 from the National 
Inpatient Sample were analyzed to assess the incidence of 
perioperative morbidity and mortality in anterior, poste-
rior, and anterior/posterior non-cervical spine fusion [37]. 
261,356 admissions were identified during which a primary 
spine fusion procedure was performed. Of those, 77% were 
anterior, 14% were posterior, and 9% were anterior/posterior 
fusions. Procedure-related complications were more frequent 
among anterior/posterior spine fusions (23.8%) as com-
pared to anterior (18.7%) and posterior (15%) spine fusion 
(Table  3.1). Also, the incidence of thromboembolic events 
was higher among anterior/posterior spine fusion patients. 
While anterior procedures in the cervical regions appear to 
be associated with fewer complications, this study indicates 
that this does not hold true for thoracic and lumbar regions 
of the spine. Procedures involving the anterior thoracolum-
bar spine are associated with higher morbidity and mortality, 
possibly due to the entry of abdominal and thoracic cavity 
and the proximity of vital organs. The highest rate of mor-
bidity and mortality was seen in the anterior/posterior fusion 
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Fig. 3.3 Prevalence of procedure-related complications following anterior cervical spine fusion, United States 1990–2005. (Used with permission 
of Wolters Kluwer from Marwar et al. [92])
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patients, which can be explained by longer surgical times, 
more blood loss, and increased surgical complexity.

Medical complications that results from spine surgery 
are challenging to manage. A significant number of patients 
undergoing orthopedic surgery are elderly, predisposing them 
to several medical complications. The rates of cerebrovas-
cular, cardiopulmonary, gastrointestinal, and genitourinary 
complications in the National Inpatient Sample from 1998 
to 2006 were 0.9%, 2.8%, 2.8%, and 1.1%, respectively 
(Table 3.1) [37]. In another single-center prospective study of 
248 consecutive patients undergoing spine surgery in 2008, 
the rates of specific medical complications were reported, 
including myocardial infarction (1.2%), pulmonary embo-
lism (0.8%), cerebrovascular accident (0.4%), urinary tract 
infection (15.7%), pneumonia (2.0%), and death (0.8%) [21].

In the context of surgical complications after spine fusion, 
there has been an appreciation in the more recent spine sur-
gery literature that frequent and occasionally catastrophic 
complications are associated with the use of recombinant 
human bone morphogenetic protein-2 (rhBMP-2). When it 
was first introduced in 2002, preliminary human trials for a 
variety of spinal fusion techniques found no adverse events 
associated with rhBMP-2 use [38, 39]. As the use of BMP 
increased, with 25% of all fusions utilizing BMP in 2006 
[40], a series of studies reported serious complications asso-
ciated with rhBMP-2 use, ranging from 10% to 50% depend-
ing on the approach [41]. These complications were 
associated with swelling of neck and throat leading to com-
pression of airways and/or neurological compromise in the 
cervical region and radiculitis, ectopic bone formation, and 
osteolysis in the lumbar region. Epstein and Chrastil sepa-
rately summarized multiple adverse events attributed to the 
use of BMP/Infuse in spine surgery [36].

Mortality rates among patients undergoing cervical and 
lumbar spine surgeries are <1%. Though death events are 

rare in the cervical and lumbar spine, they are more common 
after thoracic spine surgery with rates as high as 64% among 
vertebroplasty patients and 7.5% among balloon kypho-
plasty patients [23].

 Patient-Related Factors

Another factor leading to the increased variation in reported 
complications is the patient population. As would be expected 
in any surgical procedure, the risk of postoperative compli-
cations in spine surgery increases in older patients and 
patients with multiple comorbidities such as cardiac disease 
and diabetes [20, 31, 33, 42–44]. Patients with preoperative 
neurologic abnormalities are at higher risk of developing 
postoperative complications (OR, 2.88; CI, 1.42–5.83) [30, 
31]. Complication rates are also affected by the primary 
diagnosis for the patient. Reoperation rates have been 
reported to be higher in patients diagnosed with herniated 
disk disease [45].

 Prevalence of Osteoarthritis and Related 
Reconstructive Surgeries of the Hip 
and Knee

Osteoarthritis (OA) is the most common type of arthritis, 
frequently affecting knees and hips, leading to progres-
sive damage to the cartilage and other joint tissues. In a 
study conducted in Johnston County, NC, the prevalence 
of knee and hip OA among adults aged 45 years and older 
was 17% and 10%, respectively [46, 47]. The prevalence is 
higher in older age groups and among women but lower in 
Hispanics (16.5% versus 22% for non-Hispanics and African 
Americans) [48].

Table 3.1 Prevalence of procedure-related complications after non-cervical spine fusion, USA 1998–2006

Complication

Non-cervical spine fusion
Anterior, % 
(N = 36,224)

Posterior, % 
(N = 201,885)

Anterior/posterior, % 
(N = 113,991)

All procedures, % 
(N = 261,356)

Complications affecting specific body system
Central nervous system 0.4 10.2 0.8 0.9
Cardiopulmonary 3.2 2.4 5.3 2.8
Gastrointestinal 4.8 2.1 5.6 2.8
Genitourinary 0.9 1.1 1.2 1.1
Other complications of procedure
Postoperative shock 0.1 0.1 0.2 0.1
Hematoma 1.5 1.6 2.7 1.6
Postoperative infection 0.8 0.5 1.2 0.6
Thromboembolic 
events

0.9 0.7 1.3 1.2

Pulmonary embolism 0.3 0.3 0.5 0.5
Death 0.5 0.3 0.4 0.3

Used with permission of Wolters Kluwer from Memtsoudis et al. [37]
p < 0.001 between all approach types
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Although a great variety of medications have been used 
to address the pain and disability associated with osteoar-
thritis, total joint arthroplasty remains the definitive treat-
ment for advanced, symptomatic joint destruction. Total 
joint arthroplasty is indicated for arthritis and a variety of 
other rheumatic conditions, but osteoarthritis remains the 
principle diagnosis in 82.5% of total hip replacements and 
96.8% of all total knee replacements [2]. The hip and the 
knee are the most frequently replaced joints. In 2004, hip 
and knee replacements accounted for 95% of the 1.07 mil-
lion arthroplasty procedures performed (Fig.  3.4). Over 
232,000 primary total hip arthroplasty procedures were per-
formed (25% of all arthroplasty procedures), and over 
454,000 primary total knee arthroplasty procedures were 
performed (48%). By 2011 these figures increased to 
300,000 total hip arthroplasties and 650,000 total knee 
replacements. Females undergo 62% of all total joint 
replacement procedures, and they undergo total knee arthro-
plasty twice as frequently as men reflecting the greater prev-
alence of knee OA in females than in males. In terms of age 
distribution, 60% of primary and revision total hip and knee 
arthroplasty procedures are performed in patients above 
65 years of age.

Data on the survival of total joint replacement implants 
come from several national registries. Survival rates vary 
depending on several factors such as patient age, implant 
type, and the use of cement versus cementless fixation. 
Analysis of the Finnish arthroplasty registry showed that 
for patients older than 55 years of age, the survival rates of 
total hip implants ranged from 92% to 98% at 10  years, 
86–93% at 15 years, and 77–82% at 20 years, with the end-
point defined as revision due to aseptic loosening of the 
implant [49]. Revision rates represent a crude measure of 

implant failure, as the need for revision operation is prob-
ably the only quantifiable event that forces the patient to 
return to hospital. In a systematic review, national regis-
tries were analyzed to identify revision rates after total hip 
and knee arthroplasties [50]. After primary hip replace-
ment, a mean of 1.29 revisions per 100 observed compo-
nent years was seen. Similarly, after total knee replacement, 
1.26 revisions per 100 observed component years were 
seen. As for the patient’s subjective measure of health-
related quality of life, several studies compared patients 
undergoing total joint replacement with a reference health 
group with a similar age and sex distribution [51, 52]. 
Patients that benefited from joint replacement had remark-
ably improved physical and psychosocial scores from 1 to 
2 years postoperatively, and these scores were maintained 
up to 3–5 years.

The annual number of total joint replacement has been 
increasing from 1991 to 2011. There has been a threefold 
increase in total knee replacements, while the annual num-
ber of total hip replacements doubled. These increases in 
joint arthroplasty utilization outnumber the increase in inci-
dence of OA as would be expected from an aging popula-
tion. This probably represents broadening of the indications 
of arthroplasty procedures due to their safety and durability. 
There has been a parallel increase in the total estimated cost 
of performing total knee replacement procedures from $5.4 
billion in 1998 to $14.3 billion in 2004. Projected growth 
model for hip and knee replacement procedures estimates 
that by 2030 there will be over 570,000 primary total hip 
replacements performed annually in the USA and nearly 3.5 
million primary total knee replacements, with associated 
need for manpower, operating room capacity, and health 
care costs [1].
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Fig. 3.4 Arthroplasty 
procedures by type, USA 
2004. (Used with permission 
of AAOS from Jacobs [91])
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 The Incidence of Complications After Total 
Knee and Total Hip Arthroplasty

 General Trends

Despite the efficacy of total knee and total hip arthroplasty, 
complications can occur which result in poor functional out-
comes for a subset of patients. In light of the prevalence and 
the increasing trends of these procedures, documenting and 
reviewing associated adverse events remains a priority to 
help optimize patient care. The National Hospital Discharge 
Survey (NHDS) was analyzed from 1990 to 2004 in order to 
elucidate temporal changes in demographics, hospital stay, 
in-hospital complications, and mortality of patients undergo-
ing primary total knee [53] and total hip [54] arthroplasty 
during a 15-year study period in the USA. Frequencies of 
procedure-related complications over time were identified 
using ICD-9-CM diagnosis codes. In their analysis, the 
authors created three 5-year periods to simplify temporal 
changes (1990–1994, 1995–1999, and 2000–2004).

A total of 3,830,420 patients had undergone total knee 
arthroplasty from 1990 to 2004 based on the NHDS [53]. As 
expected, there was an increased utilization of primary total 
knee arthroplasty, increased proportion of younger patients, 
as well as an increased number of comorbidities among 
patients. Despite an increase in the rate of comorbidities, the 
procedure-related complication rate decreased from 12% 
during the period from 1990 to 1994 to 7% during the period 
from 2000 to 2004 (Table 3.2). Approximately half were cat-
egorized as organ-specific. Although mortality rate declined 
from 0.50% during the period from 1990 to 1994 to 0.21% 
during the period from 1995 to 1999, mortality increased 
slightly to 0.28% during the period from 2000 to 2004. 
Despite progressive increase in the use of thromboprophy-
laxis during these time periods, the authors did not find a 

concomitant decline in mortality or pulmonary embolism 
during the most recent time period (2000–2004). In fact, the 
rate of pulmonary embolism increased from 0.29% in the 
period from 1995 to 1999 to 0.52% in the period from 2000 
to 2004 (Table  3.2). An increase in patient comorbidities 
could explain recent trends toward increasing rates of pul-
monary embolism and overall mortality.

As for total hip arthroplasty, 2,288,579 patients were 
identified between 1990 and 2004 [54]. The trends were gen-
erally similar to those in total knee arthroplasty. The utiliza-
tion of this procedure has increased, with the highest percent 
of increase in the group of patients aged between 45 and 64. 
Also, there has been an increase in the number of comorbidi-
ties, with hypertension being the most common comorbidity 
occurring in nearly half of all patients in the most recent time 
period studied (2000–2004). Nevertheless, procedure-related 
complications and adverse events decreased over the study 
period, from 15% in the period from 1990 to 1994 to 9% in 
the period from 2000 to 2004 (Table 3.3). In-hospital mortal-
ity rate remained low and slightly decreased (0.33% in 
1990–1994 to 0.29% in 2000–2004). Fortunately, the inci-
dence of pulmonary embolism has decreased from 0.46% to 
0.26%, which is reassuring as much effort and creation of 
practice guidelines have been devoted to reduction of these 
thromboembolic events. Since 2010 after passage of the 
Affordable Care Act, a database of hospital readmissions has 
been maintained [55].

 Specific Complications: Medical

As the prevalence of hip and knee osteoarthritis increases 
with increasing age, more of total joint replacement proce-
dures will be performed in patients with some degree of car-
diac, pulmonary, cerebral, renal, and hepatic disease. 

Table 3.2 Prevalence of procedure-related complications in patients undergoing total knee arthroplasty, USA 1990–2004

Complications

Total knee arthroplasty
1990–1994 (N = 807,687) 1995–1999 (N = 1,204,109) 2000–2004 (N = 1,818,624) 1990–2004 (N = 3,830,420)
n % of total N % of total n % of total n % of total

Complications affecting specific body system
Central nervous system 143 0.02 3180 0.26 2405 0.13 5758 0.15
Cardiopulmonary 24,923 3.09 31,041 2.57 31,888 1.75 87,852 2.29
Gastrointestinal 9224 1.14 13,159 1.09 16,096 0.89 38,479 1.01
Genitourinary 12,188 1.51 13,554 1.13 11,611 0.64 37,353 0.98
Other complications of procedure
Postoperative shock 396 0.05 71 0.01 129 0.01 596 0.02
Hematoma 11,017 1.36 18,403 1.53 14,400 0.79 43,820 1.14
Postoperative infection 2090 0.26 1748 0.15 4325 0.24 8163 0.21
Thromboembolic events 6876 0.85 6954 0.58 10,816 0.59 24,646 0.64
Pulmonary embolism 2872 0.36 3518 0.29 9546 0.52 15,936 0.42
Death 4028 0.50 2502 0.21 5094 0.28 11,624 0.30

Used with permission of Elsevier from Memtsoudis et al. [53]
p < 0.001 between all time periods
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Therefore, accurate knowledge of rates of perioperative 
medical complications in elderly population is valuable for 
the decision-making process when considering elective sur-
geries. Prospectively collected data from the total joint regis-
try at the Mayo Clinic during a 10-year period (1986–1995) 
were used to identify patients with postoperative myocardial 
infarction, pulmonary embolism, deep venous thrombosis, or 
death within 30  days after total hip or knee arthroplasties 
[56]. Out of 10,244 patients, the overall rate of myocardial 
infarction, pulmonary embolism, deep venous thrombosis, 
and death were 2.2%, 0.4%, 0.7%, 1.5%, and 0.5%, respec-
tively (Fig. 3.5). Eighty-three percent of myocardial infarc-

tion occurred within 3 days and were more frequent among 
males and patients aged 70 years or older. There was no dif-
ference in the overall adverse event frequency between total 
knee and total hip procedures, except for pulmonary embo-
lism, which was highest in patients undergoing bilateral knee 
operations. A separate study investigated the incidence of 
perioperative stroke and found that 36 of 18,745 patients 
(0.2%) undergoing total hip and knee arthroplasties between 
2000 and 2007 suffered a perioperative stroke [57]. Nine of 
the 36 patients died within the first year (25%). This study 
indicates that perioperative stroke is a rare but devastating 
complication of total joint arthroplasty.

Table 3.3 Prevalence of procedure-related complications in patients undergoing total hip arthroplasty, USA 1990–2004

Complications

Total hip arthroplasty
1990–1994 (N = 603,528) 1995–1999 (N = 731,921) 2000–2004 (N = 953,130) 1990–2004 (N = 2,288,579)
n % of total N % of total n % of total n % of total

Complications affecting specific body system
Central nervous system 140 0.02 1752 0.24 2025 0.21 3917 0.17
Cardiopulmonary 13,760 2.28 16,083 2.19 18,310 1.92 48,153 2.11
Gastrointestinal 7107 1.18 7521 1.03 7157 0.75 21,785 0.95
Genitourinary 9612 1.59 6345 0.87 8877 0.93 24,834 1.09
Other complications of procedure
Postoperative shock 449 0.07 49 0.01 524 0.06 1022 0.05
Hematoma 8304 1.38 12,494 1.71 13,700 1.44 34,498 1.51
Postoperative infection 4160 0.69 4738 0.65 1884 0.20 10,783 0.47
Thromboembolic events 3588 0.60 1941 0.27 3082 0.32 8611 0.38
Pulmonary embolism 2787 0.46 2193 0.30 2481 0.26 7461 0.33
Death 1977 0.33 2446 0.33 2839 29.00 7262 0.32

Used with permission of Springer Nature from Liu et al. [54]
p ≤ 0.001 between all time periods
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Fig. 3.5 Frequency of 
myocardial infarction (MI), 
pulmonary embolism (PE), 
deep venous thrombosis 
(DVT), or death within 
30 days after primary total hip 
or knee arthroplasty according 
to age and gender. (Used with 
permission of Wolters Kluwer 
from Mantilla et al. [56])
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 Infection
Deep periprosthetic joint infection remains the most com-
plex and costly complication. Even with a two-stage 
exchange implant-exchange protocol, failure rates in hips 
infected with methicillin-resistant organisms can reach as 
high as 21% [58]. A retrospective review of 8494 primary 
knee and hip arthroplasties reported a 0.5% overall rate of 
infection (30 of 5719 knees and 13 of 2775 hips) [59]. 
Obesity, diabetes, and younger age were identified as risk 
factors for infection in total joint arthroplasty. The rate of 
infection following total hip arthroplasty in the medicare 
beneficiary population from 1995 to 1996 was around 0.2% 
(137 of 58,521) for primary arthroplasty and 0.96% (124 of 
12,956) for revision surgery [60]. A more recent review of 
discharge data from over 139,000 patients undergoing pri-
mary total hip arthroplasty between 1995 and 2005 reported 
a higher wound infection rate of 0.7% [61]. Total knee 
arthroplasty appears to have a slightly higher infection rate 
than total hip arthroplasty [59, 62, 63]. The exact reason for 
knees having higher infection rates remains subject to debate. 
Possible explanations include differences in vascular supply, 
skin thickness, joint motion, the use of tourniquet, and surgi-
cal approach.

Antibiotic prophylaxis is fundamental to the reduction 
of primary periprosthetic infection and has been shown by 
meta-analysis to reduce the relative risk of wound infec-
tion by 81% [64]. As clostridium difficile infections are 
thought to be an iatrogenic complication of antimicrobial 
prophylaxis [65], particularly third-generation cephalo-
sporins, clindamycin, and ciprofloxacin, several investi-
gators sought to identify the incidence of Clostridium 
difficile infections in patients undergoing total joint 
arthroplasty [66, 67]. These studies showed a very low 
incidence of 0.17%.

Although the risk of infection after total joint arthroplasty 
is small (<1%), considering the large number of arthroplasty 
procedures performed every year, and considering the mean 
cost of $68,053–$107,264 to treat each infection [68], this 
risk poses a significant economic burden.

 Dislocation
Dislocation is one of the most common complications after 
total hip arthroplasty [69]. Reported rates of dislocation 
(≤90 days postoperatively) vary and range between 1.39 [61] 
and 3.2% [70] for primary arthroplasties. A comprehensive 
review published by Morrey in 1992 concluded that the long- 
term dislocation rate averaged 2.25% in the primary total hip 
arthroplasty setting [71]. As in infections, rates were higher 
after revision surgery reaching 8% [60]. Dislocations are 
also seen following total knee arthroplasties but to a lesser 
extent. A study of 2033 total knee arthroplasties in medicare 
beneficiaries from 2002 to 2004 reported only four cases of 
dislocation (0.2%) [72].

 Venous Thromboembolism
Venous thromboembolism is a serious complication that is 
used by the government and insurance payers as a perfor-
mance measure of hospitals as well as surgeons. Prior 
research showed that 35% of patients die within 1 year after 
the onset of venous thromboembolism [73]. In the Danish 
total hip registry from 1995 to 2006, 686 of 67,469 (1.02%) 
patients were rehospitalized due to venous thromboembo-
lism at a median of 22 days following surgery. Ninety-three 
percent of the 67,469 patients received pharmacological 
 prophylaxis with use of a low-molecular-weight heparin. 
The prevalence of symptomatic deep vein thrombosis was 
0.7% (499 patients), and the prevalence of nonfatal pulmo-
nary embolism was 0.3% (205 patients). The rate of mortal-
ity due to venous thromboembolism was 0.05% (38 patients). 
However, these rates are lower than previous reports as there 
are differences in study populations, study design, propor-
tion of patients receiving pharmacological prophylaxis, and 
type and duration of treatment [74–77].

 Periprosthetic Fractures
Periprosthetic fractures are fractures that occur in associa-
tion with an orthopedic implant. These fractures are of great 
importance as one study has documented a higher risk of 
death after periprosthetic fracture as compared with a similar 
population of patients undergoing uncomplicated total hip 
arthroplasty [78]. Incidence of periprosthetic fractures about 
a total hip arthroplasty is variable, with multiple studies not-
ing an incidence of 0.1–18% [79–82]. The incidence is 
greater after revision arthroplasty as revision surgery is asso-
ciated with problems with bone stock about the components 
resulting from stress shielding, osteolysis, and other factors. 
Data from the Mayo Clinic joint registry revealed fracture 
rates of 1% after primary total hip arthroplasty and 4% after 
revision total hip arthroplasty [83]. The prevalence of peri-
prosthetic fracture about total hip arthroplasty continues to 
increase with time as more and more patients are undergoing 
total hip arthroplasty, with more surgeries being performed 
on older patients who may be at an increased risk of falls [78, 
83, 84]. Similarly, rates of periprosthetic fractures about total 
knee arthroplasty are increasing as the population ages [85, 
86]. The incidence is 0.3–2.5% for primary total knee arthro-
plasty and up to 38% for revision [87–89].

 Summary

As our population continues to age with a growing incidence 
of degenerative musculoskeletal disease, a large number of 
surgical procedures will be performed every year. Spine and 
total joint replacement procedures gained popularity with the 
increasing evidence of their long-term efficacy. Advances in 
the surgical techniques and perioperative care broadened sur-
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gical indications, which paralleled the rapid growth of the 
elderly population suffering from degenerative diseases. 
Therefore, the increasing number of older individuals with 
multiple comorbidities opting for surgery is not necessarily 
accompanied by an increase in complication rates. 
Nevertheless, these complications constitute a large eco-
nomic burden and a major challenge for orthopedic surgeons 
and physicians [90]. As such, accurate reporting of these 
complications and more cautious analysis of epidemiologi-
cal studies are crucial to implement optimal medical and sur-
gical management.
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