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Abstract
Background: Independent of efficacy, information on safety of surgical procedures is essential for informed choices.
We seek to develop standardized methodology for describing the safety of spinal operations and apply these methods
to study lumbar surgery. We present a conceptual model for evaluating the safety of spine surgery and describe
development of tools to measure principal components of this model: (1) specifying outcome by explicit criteria for
adverse event definition, mode of ascertainment, cause, severity, or preventability, and (2) quantitatively measuring
predictors such as patient factors, comorbidity, severity of degenerative spine disease, and invasiveness of spine surgery.
Methods: We created operational definitions for 176 adverse occurrences and established multiple mechanisms for
reporting them. We developed new methods to quantify the severity of adverse occurrences, degeneration of lumbar
spine, and invasiveness of spinal procedures. Using kappa statistics and intra-class correlation coefficients, we assessed
agreement for the following: four reviewers independently coding etiology, preventability, and severity for 141 adverse
occurrences, two observers coding lumbar spine degenerative changes in 10 selected cases, and two researchers coding
invasiveness of surgery for 50 initial cases.
Results: During the first six months of prospective surveillance, rigorous daily medical record reviews identified 92.6%
of the adverse occurrences we recorded, and voluntary reports by providers identified 38.5% (surgeons reported 18.3%,
inpatient rounding team reported 23.1%, and conferences discussed 6.1%). Trained observers had fair agreement in
classifying etiology of 141 adverse occurrences into 18 categories (kappa = 0.35), but agreement was substantial (kappa
≥ 0.61) for 4 specific categories: technical error, failure in communication, systems failure, and no error. Preventability
assessment had moderate agreement (mean weighted kappa = 0.44). Adverse occurrence severity rating had fair
agreement (mean weighted kappa = 0.33) when using a scale based on the JCAHO Sentinel Event Policy, but agreement
was substantial for severity ratings on a new 11-point numerical severity scale (ICC = 0.74). There was excellent interrater agreement for a lumbar degenerative disease severity score (ICC = 0.98) and an index of surgery invasiveness (ICC
= 0.99).
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Conclusion: Composite measures of disease severity and surgery invasiveness may allow development of risk-adjusted
predictive models for adverse events in spine surgery. Standard measures of adverse events and risk adjustment may also
facilitate post-marketing surveillance of spinal devices, effectiveness research, and quality improvement.

Background
An early warning system is needed to identify surgical
devices and techniques that perform poorly when introduced into general practice [1]. Expensive technological
innovations commonly gain widespread use based on
limited comparative data and minimal systematic postmarketing surveillance [2]. Thus, awareness of adverse
effects associated with these innovations accumulates
haphazardly and disseminates slowly [3].
Adverse event assessment in spine surgery is mired by
additional difficulties. In contrast to certain other procedures (such as hip and knee arthroplasty) that are fairly
standardized across patients, spine surgery is much more
individualized for the specific spinal pathology, combining various graft materials and fixation devices with varying degrees of vertebral decompression and fusion.
Randomized trials of spine surgery typically focus on one
or a few specific types of procedures, providing limited
comparative data on the safety of different surgical
approaches and devices. In observational studies, which
in many ways are better suited for safety assessment [4,5],
procedural variations might obscure the impact of a specific treatment. Also, the effects of treatment may differ
across different groups of patients. This study was
designed to develop measures and an analytical model to
adjust for these variations when assessing safety of spine
surgery.
We propose studying the safety of spine surgery for degenerative disease through a conceptual model in which
safety is broadly defined as a function of preoperative
patient, disease, and treatment characteristics:
Therapeutic Safety = f{Patient
Attributes|Treatment Factors}

Characteristics|Disease

In this framework, the effect of an individual treatment
factor on safety can potentially be distinguished from the
effects of other relevant patient and disease characteristics
(Figure 1).
Specification of therapeutic safety is central to this model.
Safety may be specified as a narrowly defined particular
outcome, or it may be described as a set of adverse events
characterized by specific criteria for timing, setting, severity, preventability, or causal pathway. Consistent terminology and definitions for safety outcomes are essential,

both for comparing treatments and for assessing improvements over time [6].
Patient characteristics relevant for predicting surgical
adverse events include age [7], height and weight (body
mass index) [8], smoking status [9], burden of coexisting
medical conditions [10], gender, and race [11,12]. When
assessing consequences of an adverse event on clinical
outcomes, such as pain or function, adjustment may also
be necessary for psychosocial factors such as education,
work conditions, and psychological stress [13].
To measure the severity of spinal disease, new methods
are needed. Neurological function may be designated simply as normal or abnormal, or quantified by a score such
as the American Spinal Injury Association (ASIA) motor
score [14]. Prior surgery at the involved spinal segments
may be measured as yes-no or as the number of prior
operations. Quantifying degenerative structural changes
across multiple spinal segments is more challenging, but
at minimum, the methods must account for the severity of
disc space and facet joint degeneration [15], spinal stenosis [16,17], and vertebral mal-alignment such as spondylolisthesis [12], scoliosis [18], and kyphosis [19].
New methods are also needed to measure treatment (surgical procedure) factors. Differences in the "invasiveness"
of surgical procedures (e.g., route of surgical access, location of nerve roots decompressed, number of vertebrae
fused and instrumented) influence risks.
The following multivariate analytical model provides a
more detailed specification of the conceptual framework
for evaluating the safety of spine surgery for degenerative
disease:

Adverse
Likelihood, or
= β1
Occurrence Consequences

+ β3

Age
Patient
Gender
Factors
Race / ethnicity

+ β2

Neuro log ical function
Spinal Surgery previously at the same levels
Disease Severity of disc and facet deg eneration
Severity Severity of neural space stenosis
Severity of deformity (listhesis, scoliosis, kyphosis)

BodyMassIndex
Coexisting
Medical comorbidity or
Disease
Anesthesia grade
Burden
Smoking status

+ β4

Device
Surgeon
Surgical
Institution
Treatment
Type , approach, and levels or
Invasiveness of surgery

Multiple regression methods such as logistic regression
can estimate independent effects of each variable on the
likelihood of particular adverse events.
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Figure 1 for Safety Assessment
Framework
Framework for Safety Assessment. The relationship of patient, disease, and treatment factors to adverse outcomes.

We are evaluating the feasibility and utility of this conceptual model for measuring the safety of different types of
lumbar spine surgery. The initial goals of this project are:
(1) to identify the frequency, nature, and severity of
adverse occurrences associated with lumbar spine surgery;
(2) to quantify the severity of lumbar degenerative
changes;

Methods
Definitions
We define an adverse occurrence as any medical event in
the course of a patient's treatment that has the potential
for causing harm to the patient. We selected the term
"adverse occurrence" to avoid the connotation of blame
often associated with the term "complication." We reserve
the term "adverse event" for the subset of adverse occurrences where the patient experiences harm or requires
additional monitoring or intervention [20].

(3) to quantify the invasiveness of the surgical procedure.
Longer term goals are:
(4) to measure the consequences of adverse events on
pain and patient-reported health status two years after surgery; and
(5) to combine these new measures of disease severity and
surgical invasiveness with established medical co-morbidity measures in predictive models of adverse events.
In this report, using data from the initial six months of the
study, we describe the methods and the preliminary
results for the first three goals.

Study design
This report describes research conducted to develop analytical tools for a prospective cohort study of adverse
occurrences in lumbar spine surgery. The inclusion and
exclusion criteria for the lumbar study are listed in Table
1. The University of Washington (UW) institutional
review board approved the study. For this report, we relied
on data collected during first six months of that study.
Outcomes
The primary outcome is a discrete variable that indicates
the presence of an adverse occurrence (1 = yes, 0 = no). In
the future, we will measure the sensitivity of the safety
assessment to different thresholds of adverse occurrence
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Table 1: Inclusion and exclusion criteria.1

Inclusion criteria:
1. Age greater than 18 years (to allow informed consent).
2. Diagnosis is lumbar degenerative disease (disc degeneration, disc herniation, spinal stenosis, spondylolisthesis, or degenerative scoliosis).
3. Surgery involves at least one lumbar vertebra.
4. Surgery at Harborview Medical Center or University of Washington Medical Center.
Exclusion criteria:
1. Inflammatory spondyloarthropathy.
2. Spinal malignancy or infection.
3. Pregnancy.
4. No telephone contact, or planning to move within a year.
5. Unable to complete study questionnaires or follow-up telephone interviews in English.
1Concurrent with the initiation of this study, we established a spine registry to track safety and outcomes of all spine surgery procedures at the
University of Washington (the Spine End Results Registry). Research coordinators attempt to offer most patients scheduled for spine surgery at the
University of Washington the opportunity to enroll in the registry, but because of limited staff, only the busiest spine clinics are staffed with
research coordinators. The criteria listed here specify the subset of registry patients selected for studying lumbar surgery for degenerative disease.

type, etiology, severity, and preventability. In addition to
evaluating the association of adverse occurrences with
patient, disease, and treatment factors, we will also examine their effect on hospital stay duration, re-admission, reoperation, and patient-reported health status at two years
following surgery. We hypothesize that some complications that appear to resolve with treatment post-operatively (e.g., wound infection, cerebrospinal fluid leak)
may have lasting effects on pain and function. We are
measuring back and leg pain using numerical ratings of
intensity and bothersomeness [21-23] and health status
by the Short Form-36 [24-26]. We are also measuring pain
medication use, work status, and patient satisfaction.
Ascertaining adverse occurrences
We created a priori definitions and ascertainment criteria
for 176 adverse occurrences. One orthopedic surgeon and
two neurosurgeons specializing in spinal surgery reviewed
a list of spine surgery complications [27], eliminated
redundancy, and developed explicit definitions for 70
adverse occurrences. Two hospitalists with experience
studying surgical complications provided operational definitions for 56 other adverse occurrences [28]. Anesthesiologists experienced in studying anesthetic adverse
occurrences provided definitions for 30 peri-operative
anesthetic events [29]. With input from operating room
nurses, technicians, and managers, we developed criteria
for 20 adverse process-of-surgical care issues (e.g., lack of
appropriate equipment, implants, documentation, or
diagnostic studies). The final list of adverse occurrences
and their definitions are provided in the Appendix [see
Additional file 1].

In addition to prospective, daily, rigorous medical record
review by research staff, we established six other mechanisms for surgeons, residents, fellows, and other team
members to independently and voluntarily report adverse
occurrences: (1) confidential forms in the operating
rooms, inpatient areas, and outpatient clinics with

secured collection-boxes; (2) dedicated telephone lines at
each hospital; (3) privacy-protected email; (4) weekly
spine clinical conferences; (5) daily inpatient rounds; and
(6) outpatient clinics [30]. Occurrences from the last three
sources were recorded by a designated nurse or physician
assistant. We tracked all the modes through which each
occurrence was identified.
Categorizing adverse occurrences
Adverse events in spine surgery are often arbitrarily
reported as "device-related," "major," or "preventable."
These judgments are not always straightforward, and they
profoundly influence interpretation of safety data. Comparisons are difficult unless the terms are applied consistently. We, therefore, used four reviewers to evaluate the
consistency of assigning etiology, severity, and preventability to adverse occurrences.

Reviewers were selected from different backgrounds to
allow broad clinical perspective. They included a spine fellowship-trained orthopedic surgeon with 7 years of experience, a spine fellowship-trained neurosurgeon with
more than 5 years experience, a neurosurgeon with more
than 25 years of experience, and an anesthesiologist with
more than 5 years of experience. Reviewers individually
classified adverse occurrences using pre-established operational definitions [see Additional file 1] and categorization schemes (Tables 2, 3, and 4) and then discussed them
as a group in three one-hour training sessions. Subsequently, the four reviewers independently coded adverse
occurrences recorded during the first six months of the
study.
The reviewers were provided a brief narrative describing
each adverse occurrence and the patient's history, surgery,
and other information available at discharge. Reviewers
were asked to confirm that the reported event met the predefined ascertainment criteria and to judge the event's
causes, preventability, and severity. Reviewers selected
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Table 2: Harvard Medical Practice Study categories for classifying etiology of adverse events and medical errors, with three added
categories for patient factors.

Code

Type of Error

Description

1
2
3
4
5
6
7
8
9

Diagnostic
Diagnostic
Diagnostic
Diagnostic
Treatment
Treatment
Treatment
Treatment
Treatment

10
11
12
13
14
15
*16

Preventive
Preventive'
System
System
System
Other
No error

Error in diagnosis or delay in diagnosis
Failure to employ an indicated test
Use of outmoded tests or therapy
Failure to act on the results of monitoring or testing
Technical error in performance of an operation, procedure, or test
Error in administering the treatment (including preparation for operation or treatment)
Error in dose of drug or in the method of use of a drug
Avoidable delay in treatment or in responding to an abnormal test
Inappropriate (not indicated) care. Considering the patient's disease, its severity, and comorbidity, the anticipated benefit
from the treatment did not significantly exceed the known risk, or a superior alternative was available
Failure to provide indicated prophylactic treatment
Inadequate monitoring or follow-up of treatment
Failure in communication
Equipment failure
Other systems failure
Unclassified
Patient disease, expected risk

*17
*18

No error
No error

Patient non-compliance
Patient disease, unrelated to spinal surgery

*Additional three categories not included in the Harvard Medical Practice Study. We group these as "no error" simply to distinguish them from the
evaluation and treatment associated factors under direct control of the medical care system. Alternatively, these three factors may be considered
errors in patient selection.

contributing etiological factors from a list of 15 types of
errors developed for the Harvard Medical Practice Study
and three additional factors for no error (Table 2) [31,32].
Reviewers could select multiple factors, but identified a
dominant or most important factor. Reviewers coded preventability as clearly unpreventable, potentially preventable, or clearly preventable [31,32]. For severity coding, we
provided the reviewers the adverse event severity categorizing scheme based on the Sentinel Event Reporting Policy required by the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) (Table 3) [33]. By
design, this scheme does not distinguish quality of care
concerns from patient outcomes, or real effects from
potential effects, requiring institutions to define "sentinel
event" specifically for their own purposes with "latitude in
setting more specific parameters to define 'unexpected,'
'serious,' and 'the risk thereof"' [33]. To measure the
impact of adverse occurrences independent of quality of

care, with separation of potential risk and actual effect, we
developed an "Adverse Occurrence Severity Score" similar
to the Index for Categorizing Medication Errors developed
by the National Coordinating Council for Medication
Error Reporting and Prevention (NCC MERP)(Table 4)
[34]. For each adverse occurrence, each reviewer identified
the most important factor for etiology, rated preventability, and provided both a JCAHO severity rating and an
Adverse Occurrence Severity Score.
Measuring medical comorbidity
Risk evaluation is crucial to predicting surgical outcomes,
but the specific methods most appropriate for spine surgery are unclear. We therefore collected medical comorbidity information using multiple methods. Patients
completed a medical history questionnaire to allow calculation of a Charlson comorbidity score [35-37]. We also
reviewed medical records to identify presence of 32 med-

Table 3: Severity rating based on the JCAHO Sentinel Event Policy for adverse events not related to the natural course of the patient's
illness or underlying condition.

Code

Description

0
1
2
3
4
5

No quality of care concerns evident.
Did not and unlikely to have had an adverse effect.
Did not but had the potential to have had an adverse effect.
Had an adverse effect but not life threatening.
Resulted in loss of major physical function or potentially life threatening.
Demonstrated a life threatening situation or resulted in death.
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Table 4: Adverse Occurrence Severity Score developed to distinguish actual effect from the magnitude of risk associated with adverse
occurrences.

Score

Summary

0

No effect, no risk

1
2
3
4
5
6
7
8
9
10

Description

Adverse occurrence required no intervention, resulted in no adverse consequences, and had no risk of
adverse consequences.
No effect, minor risk
Adverse occurrence required no intervention, resulted in no adverse consequences, but had the potential to
result in minor consequences.
No effect, major risk
Adverse occurrence required no intervention, resulted in no adverse consequences, but had the potential to
result in major but not life threatening adverse consequences.
No effect, risk of death
Adverse occurrence required no intervention, but had the potential to result in a life-threatening situation or
death.
Minor effect, minor risk
Adverse occurrence required a minor intervention or resulted in minor loss of function, and had the potential
to result in only minor adverse consequences.
Minor effect, major risk
Adverse occurrence required a minor intervention or resulted in minor loss of function, but had the potential
to result in major loss of function, though not life-threatening.
Minor effect, risk of death Adverse occurrence required a minor intervention or resulted in minor loss of function, but had the potential
to result in a life-threatening situation or death.
Major effect, major risk
Adverse occurrence required extensive intervention such as unexpected re-operation or re-admission, or
resulted in major loss of function, but was not life-threatening.
Major effect, risk of death Adverse occurrence required extensive intervention such as unexpected re-operation or re-admission, or
resulted in major loss of function, and had the potential to result in a life-threatening situation or death.
Life-threatening effect
Adverse occurrence resulted in a life-threatening situation.
Death
Adverse occurrence resulted in death.

ical conditions [38] We additionally recorded the American Society of Anesthesiologists (ASA) grade for anesthetic
risk [39] and each patient's height, weight, and tobacco,
alcohol, and drug use.
Measuring disease severity
Lumbar degeneration (spondylosis) is a broad category
with varying degrees of severity, and surgical procedures
to treat it are individualized to address various aspects of
this condition. Technical difficulty of the surgical procedure, and the associated risk of adverse occurrences, may
be affected by the anatomical changes, such as the severity
of spinal stenosis or the presence and severity of concurrent spondylolisthesis and scoliosis. Also, because
patients with more severe and complex spinal disease may
seek out particular providers and hospitals, it is important
to control for disease severity when comparing adverse
occurrences in different settings. We desired a measure of
severity of lumbar degeneration to use in predicting the
probability of an adverse occurrence.

Using literature review and expert opinions, we developed
a severity score using 9 characteristics of degeneration
measurable on imaging studies: (1) intervertebral disc signal intensity on magnetic resonance (MR) images [40],
(2) intervertebral disc height loss on radiographs or MR
images [41], (3) osteophyte formation on radiographs
[42,43], (4) disc herniation [44], (5) spinal stenosis [45],
(6) spondylolisthesis [46,47], (7) instability on flexionextension lateral radiographs [48,49], (8) scoliosis
[50,51], and (9) kyphosis [52]. We developed definitions
for grading severity of each characteristic at each motion

segment (Table 5). We also defined a composite "Degenerative Disease Severity Score" as the sum of the scores for
each of the 9 imaging dimensions.
To test the reliability of this disease severity scoring
method, two observers scored 10 imaging studies of
patients showing a broad range of degenerative lumbar
spine changes. Image panels showed lumbar spine anterior-posterior and lateral radiographs, lateral flexion and
extension views, and sagittal views on MR images. To
show the neural tissue space, the panels included an axial
image of the spinal canal, sagittal view of the right
foramen, and sagittal view of the left foramen for each
lumbar level. Each observer rated the 10 cases at two
times, approximately 3 weeks apart, identifying a score for
each case on all 9 imaging dimensions.
Measuring surgery invasiveness
Surgical complexity influences risk of adverse occurrences.
When comparing different surgeons, hospitals, or devices,
the extent and nature of the spinal surgery may be a confounding factor. To control for variations in spinal procedures, we developed a quantitative index to rate the
invasiveness of surgery.

We based the index on three fundamental elements of spinal procedures: decompression, fusion, and instrumentation of individual vertebrae. Combinations of these three
elements on different vertebrae, when combined with surgical approach (anterior or posterior), can be useful in
describing many spinal operations. Each operated vertebra can be assigned a score of 0 to 6, based on how many
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Table 5: Nine subscales for scoring the severity of degenerative changes in the lumbar spine on imaging studies.

1. Degeneration: assign a value 0 to 3 at each level
None
0
Dark disc on T2 MRI
1
End plate edema on T2 MRI
2
End plate sclerosis
3
2. Height loss: assign a value 0 to 3 at each level
None
0
Yes, < 50%
1
Yes, > 50%, but not ankylosis
2
Yes, ankylosis
3
3. Osteophytes: assign a value 0 to 3 at each level
None
0
Yes, < 2 mm
1
Yes, > 2 mm but not bridging
2
Yes, bridging
3
4. Herniation: assign a value 0 to 4 at each level
None
0
Bulge
1
Protrusion
2
Extrusion
3
Sequestered
4
5. Stenosis: assign the total score 0 to 6 for each level
Right foramen
0 or 1
Value for stenosis is the sum of these components or 6 if there is complete block.
Left foramen
0 or 1
Right lateral recess
0 or 1
Left lateral recess
0 or 1
Central stenosis
0 or 1
Complete block
6
6. Listhesis: assign a value 0 to 5 for each level
None, <10%
0
Grade 1, 10 to 25%
1
Grade 2, 26 to 50%
2
Grade 3, 51 to 75%
3
Grade 4, 76 to 100%
4
Grade 5, > 100%
5
7. Instability: assign an instability score 0 to 3 for each level
No instability
0
Mild instability
1
Moderate instability
2
Severe instability
3
8. Scoliosis and 9. Kyphosis: specify total magnitude 0 to 6 for each patient
<10 degrees
0
11 to 19 degrees
1
20 to 29 degrees
2
30 to 39 degrees
3
40 to 49 degrees
4
50 to 59 degrees
5
> 60 degrees
6
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of six procedural elements were performed at that level:
anterior decompression, anterior fusion, anterior instrumentation, posterior decompression, posterior fusion,
and posterior instrumentation.
We scored the six constituent procedure components
using the following definitions:
(1) Anterior decompression: 1 unit for each vertebra
requiring partial or complete excision of the vertebral
body or the disc caudal to that vertebra.
(2) Anterior fusion: 1 unit for each vertebra that has graft
material attached to or replacing that vertebral body.
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ventability and JCAHO severity scores) [53,54]. We report
kappa values for each pair of observers. Calculations were
made using STATA version 8 (College Station, Texas). For
evaluating etiology code agreement across four reviewers,
we calculated the kappa statistic using the "kap" command in STATA where each observation is assumed to be
a subject, the number of raters is fixed (4 raters), and more
than two outcomes are possible (18 etiology codes). We
set a goal of >0.60 as desirable kappa value for designating
agreement as "substantial" or better according to the following published scale [55]:
below 0.0 Poor
0.00-0.20 Slight

(3) Anterior instrumentation: 1 unit for each vertebral
body that has screws, plate, cage, or structural graft
attached to its vertebral body or replacing its vertebral
body.
(4) Posterior decompression: 1 unit for each vertebra
requiring laminectomy or foraminotomy at the foramen
caudal to its pedicle and/or discectomy at the disc caudal
to that vertebral body.
(5) Posterior fusion: 1 unit for each vertebra that has graft
material on its lamina, facets, or transverse processes.
(6) Posterior instrumentation: 1 unit for each vertebra
that has screws, hooks, or wires attached to its pedicles,
facets, lamina, or transverse processes.
Each of the six procedure elements can thus be assigned
an integer value corresponding to the number of vertebrae
on which that procedural component was performed. We
also defined a composite "Spine Surgery Invasiveness
Index" as the sum of the six procedural element scores for
a given surgery. We developed a graphical grid for coding
each surgery (Figure 2).
A surgeon-investigator or a trained research assistant completed the surgical procedure grid based on the treating
surgeon's operative report. To determine if this grid
method could be reliably used in routine clinical documentation, we made available a medical record form to
allow surgeons to record the spinal procedure using the
grid format in their immediate hand-written brief operative note. Using the treating surgeon's dictated operation
report as the reference, we assessed the reliability of invasiveness coding by comparing the surgeons with the two
researchers for fifty consecutive cases.
Data analysis
We used the kappa statistic to assess agreement between
reviewers, using weighted kappa for ranked scales (pre-

0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect
We assessed agreement on continuous measures (Adverse
Occurrence Severity Score, Degenerative Disease Severity
Score, and Spine Surgery Invasiveness Index) using intraclass correlation methods using a SAS procedure (SAS
Institute, Cary, NC) [56]. We selected the intra-class correlation coefficient (ICC) appropriate for a random sample
of reviewers, selected from a larger population, where
each reviewer rates each target. We set the significance
level (alpha) at 0.05 to calculate 95% confidence intervals
(CI).

Results
Sample
Between January 1, 2003 and July 1, 2003, 350 patients
had lumbar surgical procedures performed at the two participating institutions. Among these, 210 consented for
enrollment in the study and 11 declined participation.
Patients were offered enrollment only in clinics staffed by
a research coordinator, and because of limited resources,
only the busiest spine clinics were staffed by research
coordinators. Target enrollment for the lumbar spine surgery study is 1000 patients.
Ascertaining adverse occurrences
During the initial six months of this study, we recorded
172 adverse occurrences for patients undergoing lumbar
surgery for degenerative disease. Rigorous daily medical
record review identified 92.6% of the total number of
adverse occurrences and voluntary reports identified
38.5%; 31.1% of adverse occurrences were identified by
both voluntary reports and medical records. Surgeons
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morbidity and mortality conferences. Most adverse occurrences were identified only in medical records, such as
progress notes, laboratory reports, imaging reports, operation reports, and discharge summaries (61.5%). Surgeons were the sole source for 3.2% and inpatient team
members (nurse practitioners, residents, and fellows)
were the only source for 4.2%.
Categorizing adverse occurrences
After classifying some adverse occurrences during the initial training sessions, the four reviewers independently
coded the remaining 141 occurrences in 53 patients
(Tables 6 and 7). Agreement was substantial for four of
the 18 categories of error examined: technical error, failure in communication, systems failure, and no error
(Table 8). Agreement across all four reviewers was fair
when combined across all 18 error categories, and moderate (using weighted kappa) for preventability and JCAHO
severity (Table 9). Numerical severity ratings using the
Adverse Occurrence Severity Score showed substantial
inter-rater agreement (ICC = 0.74, 95% CI = 0.68 – 0.79).
Measuring disease severity
Overall (mean) agreement for disease severity dimensions
was moderate across observers and substantial within
observers (Table 10). Inter-observer agreement was lowest
for herniation and instability and strongest for degeneration. There was excellent agreement for the Degenerative
Disease Severity Score (ICC = 0.98, 95%CI = 0.96 – 0.99)
(Figure 3).
Measuring surgery invasiveness
Inter-researcher agreement was almost perfect for the
Invasiveness Index and for its six constituent elements
(Table 11). Surgeons completed the grid operative report
form as part of their medical record documentation in
only 53% of the cases. Agreement between the surgeons
and the researchers was very high on the forms completed
(Table 10) (Figure 4).

Discussion
Figure 2 Grid for Coding Surgical Procedures
Graphical
Graphical Grid for Coding Surgical Procedures.
Graphical grid used to code components of the surgical procedure. Each vertebral level is designated by a row. The columns identify the possible surgical procedures performed at
each level: posterior decompression, posterior fusion, posterior instrumentation, anterior decompression, anterior
fusion and anterior instrumentation.

reported 18.3% of the total number of adverse occurrences ascertained; the inpatient team reported 23.1%,
and 6.1% of the total number of adverse occurrences were
reviewed or discussed in clinical care conferences, such as

Adverse occurrences are unwanted but common, often
carrying burdens of blame, guilt, or fear of sanctions
[57,58]. Terms such as complication, adverse event, and
medical error exacerbate the punitive atmosphere surrounding undesirable outcomes, particularly when these
events are related to surgical procedures [59,60]. As a
result, despite a century-old tradition among surgeons to
focus intensely on complications in regular morbidity and
mortality conferences [61], discussions of adverse occurrences in the surgical literature are frequently dismissive
or defensive, leaving lessons buried under quality assurance protections [62]. Sanitized or closed quality-of-care
discussions prevent systematic review of experience across
institutions or cumulative experience over time, restrict-
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Table 6: The sources for the pre-defined adverse occurrences
coded by all four reviewers independently after the initial
training sessions.

Categories
Surgical List
Iatrogenic injury
Device problems
Diagnosis problems
Wound problems
Medical List
Respiratory events
Hematological events
Urological events
Neurological events
Cardiac events
Drug-related events
Gastrointestinal events
Vision problems
Anesthetic List
Escalation of care
Airway problems
Management List
Delay in surgery
Process of care issues

Number
56
25
16
4
11
70
18
17
12
8
7
4
2
2
10
7
3
5
3
2

Total

141

ing knowledge that may prevent future occurrences [63].
Mistakes get repeated. Patient safety suffers.
Approaches to measuring the safety of spine surgery are
not well-developed. We undertook preliminary evaluations to help define a protocol to monitor adverse occurrences associated with spine surgery. We chose a design
engineering perspective to create a conceptual framework
with desirable components and specifications, including
multi-modal, standardized, comprehensive surveillance
of outcomes and detailed measurement of risk-adjustment factors. Establishing multiple methods to track 176
adverse occurrences requires extensive resources and is
not practical for routine clinical surveillance. Identifying

the most common or most severe of these events may help
to select a smaller set of indicator events. Since many
adverse occurrences tended to cluster in cascades, understanding associations among occurrences may allow selection of a shorter list of critical surveillance items.
Quantifying disease severity on imaging studies and surgical invasiveness from medical records requires additional
extensive resources. While such a complex and bulky system can be implemented in rigorous regulatory approval
studies of new devices or other well-funded trials, widespread acceptance and application may require selecting
subsets of risk factors and adverse outcomes that directly
relate to specific patient safety concerns, or choosing those
parameters in this framework that can be ascertained reliably from brief medical record reviews or administrative
data alone.
Comprehensive surveillance of all adverse occurrences is
difficult, if not impossible. Tracking surgical complications may be particularly troublesome because of issues
relating to responsibility and liability surrounding invasive interventions. Although the true number of adverse
occurrences cannot be determined, our experience confirms that complementary surveillance methods provide
more complete assessment [64]. Our multi-modal
attempt for capturing adverse occurrences showed that
self-report by surgeons was not sufficient for identifying
most adverse occurrences, and neither was reliance on
voluntary reports by the spine team conducting daily ward
rounds. Contrary to experience reported for some settings
[30], in our study even designated professionals integrated into the daily team rounds were not sufficient to
discern most adverse occurrences, perhaps because these
personnel were not consistently aware of intra-operative
occurrences, near-miss occurrences, or occurrences only
observed by consulting services. Also, surgical team members may not have completely trusted the study goals during the early study period reported here. Hopefully,
voluntary reporting can improve as team members
develop greater awareness of reporting methods, more

Table 7: Clustering among patients of adverse occurrences reviewed independently by all four reviewers.1

1
2
3
4
5
6
7
9

adverse occurrence in
adverse occurrences in
adverse occurrences in
adverse occurrences in
adverse occurrences in
adverse occurrences in
adverse occurrences in
adverse occurrences in

22
9
7
6
5
1
1
2

patients
patients
patients
patients
patients
patient
patient
patients

Total
141

adverse occurrences in

53

patients

1 Among the patients with an adverse occurrence, more than half (31/53) experienced multiple events. This clustering made cause, effect, and
preventability judgments on individual events difficult.
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10

20

Severity Score
30
40
50

60

Degenerative Disease Severity Score

9
10.8

13.8 16.5
38.5
48.5
16
26
43.2
Ten sample cases, sorted by mean severity score
Observer 1
Observer 2
Mean score for each case (line of equality)

53.8

Observer 1 repeat
Observer 2 repeat

Figure 3
Degenerative
Disease Severity Score
Degenerative Disease Severity Score. The degenerative
disease severity score assigned by two observers for 10 sample cases. Score by Observer 1 highly correlates with the
score given by Observer 2 and with repeat scores for each
observer.

certainty that prevention through learning is the sole
motive for surveillance, and in time, cultivate a culture of
safety that encourages openness.
Categorizing adverse occurrences is problematic. Reviewers agreed in their discrimination of error from no error,

and they consistently identified errors related to technical,
communication, or systems failures. They were also able
to reliably assign severity ratings to adverse outcomes
using a scale that separated actual from potential effects.
Reviewers, however, had difficulty determining preventability of adverse occurrences and assessing severity using a
classification based on the JCAHO Sentinel Event Policy.
Adverse occurrences are products of complex patient and
treatment factors, often occurring in cascades where it is
difficult to isolate the causes and effects of individual
events. Reviewer agreement may be limited in part due to
lack of detailed information. Also, some consequences
may not be apparent at the time of hospital discharge,
when ratings were assigned. Agreement among reviewers
may improve with more experience, with provision of
more detailed narratives, or with development of simpler
coding scales.
Initial assessment of severity scoring for degenerative
changes in the lumbar spine is promising. Two orthopedic
surgeons showed good agreement in distinguishing
patients with mild degeneration from those with severe
degenerative changes. More work is needed to assess generalizability and to describe how different aspects of
degeneration may be related to presenting symptoms and
functional impairment. Such research may allow hierarchical ranking of broad diagnostic categories within lumbar spondylosis or permit weighting of different
components of degeneration.

Table 8: Etiology categories: Agreement among all four observers for 141 adverse occurrences coded by each reviewer.1

Etiology Code2
1
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
16, 17, or 18
----

Category

Kappa

p-value

Error in diagnosis
Failure to act on results
Technical error3
Error in preparation for operation
Error in dose or method of use of a drug
Avoidable delay in treatment
Inappropriate care
Failure to provide indicated prophylactic treatment
Inadequate monitoring or follow-up
Failure in communication3
Equipment failure
Other systems failure3
Unclassified error
Patient disease, expected risk (no error)
Patient non-compliance (no error)
Disease unrelated to spine surgery (no error)
No error (16, 17, or 18)3

0.52
0.33
0.66
0.09
0.21
0.15
0.06
0.11
0.05
0.80
0.33
0.85
0.01
0.26
0.00
0.22
0.61

0.0000
0.0000
0.0000
0.0064
0.0000
0.0000
0.0313
0.0007
0.0738
0.0000
0.0000
0.0000
0.3453
0.0000
0.5206
0.0000
0.0000

Combined (for all categories)

0.35

0.0000

1 Kappa statistic calculated using "kap" command in STATA Version 8 (College Station, TX). Each observation is assumed to be a subject, the
number of raters is fixed (4 raters), and more than two outcomes are possible (18 etiology codes).
2 None of the 141 adverse occurrences were assigned etiology codes 2 or 3.
3 These categories show substantial or better agreement, with kappa values = 0.61
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Table 9: Etiology, preventability, and the JCAHO severity ratings: Agreement between pairs of observers for 141 adverse occurrences
coded by all four reviewers.

Etiology, kappa
Preventability, weighted kappa
JCAHO Severity, weighted kappa

O-A1

O-JN2

O-SN3

A-JN4

A-SN5

JN-SN6

Mean7

0.33
0.33
0.25

0.33
0.60
0.57

0.33
0.56
0.34

0.43
0.24
0.26

0.45
0.43
0.21

0.28
0.49
0.31

0.36
0.44
0.33

1Agreement

between the orthopedic surgeon reviewer(O) and the anesthesiologist(A).
between the orthopedic surgeon reviewer(O) and the junior neurosurgeon(JN).
3Agreement between the orthopedic surgeon reviewer(O) and the senior neurosurgeon(SN).
4Agreement between the anesthesiologist(A) and the junior neurosurgeon(A).
5Agreement between the anesthesiologist(A) and the senior neurosurgeon(SN).
6Agreement between the junior neurosurgeon(JN) and the senior neurosurgeon(SN).
7 Mean for all six pairs of reviewers.
2Agreement

Surgical procedures on the spine can be quantitatively
ranked for invasiveness. Although surgeons were only
able to provide this information routinely in just over half
the cases, when the information was provided, it was reliable. Compliance may improve with time, encouragement, or proof of the value of such coding. Validation of
this ranking system by comparison to other indicators of
invasiveness, such as duration of surgery or blood loss,
may help better assess utility of the ranking system and
add meaning to the relative invasiveness of various procedural elements.
Our study only included the busiest spine centers within
our network. This choice may have introduced bias. Surgical volume may influence both the frequency and the
reporting of adverse occurrences. Busier centers and surgeons may have lower rates of some occurrences and
higher rates of others. Incorporating additional tasks of
surveillance and reporting into routine care processes may
be more difficult in busy, high-volume settings. Some of
these concerns could be addressed by limiting surveil-

lance to only a select few adverse occurrences that are routinely recorded in operation reports and hospital
discharge summaries.
Our study placed emphasis on explicitly recording
absence of an adverse occurrence when none occurred.
Lack of occurrence of a particular complication with a particular procedure is important information. The efficiency
of surveillance of what occurred cannot be judged without
explicit data on what did not occur. No report does not
equal no occurrence. To be meaningful, adverse occurrence reports should specify what was monitored, how
often it occurred, and how often it did not occur.
We hope that sharing this protocol development will
stimulate discussion of these methodological issues and
push the field towards greater standardization in reporting and comparing adverse occurrence rates for devices,
techniques, and healthcare providers. Although our focus
is lumbar surgery for degenerative disease, the methods
described may be applicable also to surgery in other

Table 10: Disease Severity Scoring: Agreement between and within observers for 9 imaging disease characteristics for 10 patients.
Each observer scored each case initially and then again approximately three weeks later.

Imaging Dimension

Observer 1 vs 21

Observer 12

Observer 23

1. Degeneration
2. Height Loss
3. Osteophytes
4. Herniation
5. Stenosis
6. Listhesis
7. Instability
8. Scoliosis Magnitude
9. Kyphosis Magnitude

0.70
0.44
0.47
0.28
0.44
0.54
0.38
0.51
0.42

0.72
0.49
0.53
0.61
0.37
0.64
-0.02
1.00
0.62

0.85
0.63
0.67
0.41
0.56
0.83
1.00
0.58
0.62

Mean

0.45

0.58

0.67

1 Kappa

value for inter-observer agreement between Observer 1 and Observer 2.
value for intra-observer agreement for Observer 1.
3 Kappa value for intra-observer agreement for Observer 2.
2 Kappa
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0

5
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25
Researcher’s Invasiveness Index
Surgeon

30

35

Researcher

Figure
Spine
Surgery
4
Invasiveness Index
Spine Surgery Invasiveness Index. Spine Surgery Invasiveness Index assigned by the treating surgeon and two researchers
for 50 consecutive operations.

Table 11: Surgery Invasiveness Scoring: Inter-rater agreement for procedure invasiveness measurements for 50 consecutive
operations coded by the treating surgeon and two researchers.

Procedure Characteristic

Researchers1
ICC (95%CI)

Surgeons2
ICC (95%CI)

Invasiveness Index
Anterior decompression
Anterior fusion
Anterior instrumentation
Posterior decompression
Posterior fusion
Posterior instrumentation

0.998 (0.997 to 0.999)
0.995 (0.992 to 0.997)
0.992 (0.988 to 0.995)
0.994 (0.991 to 0.996)
1.000
0.999 (0.999 to 1.000)
1.000

0.995 (0.993 to 0.997)
0.872 (0.814 to 0.920)
0.912 (0.872 to 0.945)
0.923 (0.887 to 0.951)
0.992 (0.989 to 0.995)
1.000
0.996 (0.994 to 0.997)

1Intraclass
2Intraclass

correlation coefficients for agreement between the two researchers: surgeon-investigator and a trained research assistant.
correlation coefficients for agreement between the treating surgeon and the researchers.
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regions of the spine. The analytic approach described may
also have relevance for efficacy level evaluation of current
and new procedures. Individual hospital and provider
level analyses may be useful for effectiveness research and
quality improvement.

http://www.biomedcentral.com/1471-2474/7/53

Additional material
Additional File 1
An Appendix is provided as an additional file in Microsoft® Office Word
2003 format. It contains operational definitions established a priori for
adverse occurrence surveillance in this study. Definitions for occurrences
related to escalation of care and airway management (ec00 to mazz) are
adapted from Posner et al (Posner KL, Freund PR. Trends in quality
of anesthesia care associated with changing staffing patterns, productivity, and concurrency of case supervision in a teaching hospital. Anesthesiology 1999;91(3):839-47). Medical occurrences (mc00
to muzz) are adapted from Reilly et al (Reilly DF, McNeely MJ, Doerner
D, et al. Self-reported exercise tolerance and the risk of serious perioperative complications. Arch Intern Med 1999;159(18):2185-92)
with additional details obtained from Harrison's textbook of Medicine
(Fauci AS, Braunwald E, Isselbacher KJ, et al., eds. Harrison's Principles of Internal Medicine 14th Edition. Philadelphia: McGraw-Hill;
1998). Remaining definitions were developed by the study team with reference to the published literature when available. Additional information,
such as itemized criteria for ascertainment and related published references, are available from our study team.
Click here for file
[http://www.biomedcentral.com/content/supplementary/14712474-7-53-S1.doc]

Conclusion
Approach to measuring the safety of spine surgery can be
standardized. Scales for rating the impact of adverse
occurrences, severity of lumbar spine degeneration, and
invasiveness of spine surgery have acceptable reproducibility. Reviewers frequently disagree on causes of adverse
occurrences.

Competing interests
Support of spine-related research at the University of
Washington (UW) includes a gift of an endowed chair
established in 1999 by support from Surgical Dynamics, a
past manufacturer of spinal implants, to conduct outcomes research in spine surgery. The UW Department of
Orthopedics has also received gifts of endowed chairs
from Synthes (Paoli, PA) in 2003 and Depuy Spine
(Rayhnam. MA) in 2005, current manufacturers of spinal
implants. Synthes and Depuy also provide spine fellowship support at UW. In addition, Synthes has established
a Spine End-Results Research (SERR) Fund at UW for conducting safety and outcomes research on spine surgery
patients. The principal investigator for this fund is a faculty member in the orthopedics department and the fund
is managed through the Grant and Contract Services
Office of the University of Washington. The sponsors of
the endowments and the research fund have no control
over design, conduct, data, analysis, review, reporting, or
interpretation of clinical research conducted with the
funds. SM and the University of Washington also hold
two patents on surgical drills. These patents are licensed
by Synthes. SM and the University of Washington do not
conduct research to evaluate use of these surgical drills in
patients.

Acknowledgements
This work was supported by grants from the National Institutes of Health/
National Institute of Arthritis, Musculosketal, and Skin Disorders
5K23AR48979 and 5P60-AR48093. Also supported in part by the Spine
End-Results Research Fund at the University of Washington through a gift
from Synthes Spine (Paoli, PA).
We would like to express appreciation to Mark Konodi, Jan Bower,
Michaela Galapon, Salwa Mohamed, Todd Jarosz, Andrew Dailey, and all
spine surgeons at the University of Washington for assistance in protocol
development and data collection. We extend gratitude to Scott Barnhart,
Eric Larson, John Culver, Rick Goss, and Tom Staiger for their support in
implementing the program presented in this report. We thank Noel Weiss
for review of the manuscript.

References
1.

Authors' contributions
SM and RD designed the study. SM, RD, PH, and JT developed the research proposal. SM, LL, and RG implemented
the research methods and assisted with data collection.
SM supervised data collection. SM, RD, and PH designed
data analyses. SM conducted the analyses. All authors
reviewed, edited, and approved the manuscript.

2.

3.

4.
5.
6.

7.

Robert G, Stevens A, Gabbay J: 'Early warning systems' for identifying new healthcare technologies. Health Technol Assess 1999,
3(13):1-108.
Boden SD, Balderston RA, Heller JG, Hanley ENJ, Zigler JE: An AOA
critical issue. Disc replacements: this time will we really cure
low-back and neck pain? J Bone Joint Surg Am 2004, 86A(2):411-422.
Callaghan JJ, Crowninshield RD, Greenwald AS, Lieberman JR, Rosenberg AG, Lewallen DG: Symposium: introducing technology
into orthopaedic practice. How should it be done? J Bone Joint
Surg Am 2005, 87(5):1146-1158.
Weiss NS: Clinical Epidemiology: the study of the outcome of
illness. Second Edition edition. New York , Oxford University Press;
1996.
Hunter D: First, gather the data. N Engl J Med 2006,
354(4):329-331.
Chang A, Schyve PM, Croteau RJ, O'Leary DS, Loeb JM: The JCAHO
patient safety event taxonomy: a standardized terminology
and classification schema for near misses and adverse
events. Int J Qual Health Care 2005, 17(2):95-105.
Khuri SF, Daley J, Henderson W, Barbour G, Lowry P, Irvin G, Gibbs
J, Grover F, et al.: The National Veterans Administration Surgical Risk Study: risk adjustment for the comparative assess-

Page 14 of 16
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2006, 7:53

8.

9.
10.

11.
12.
13.
14.

15.

16.

17.

18.
19.

20.
21.

22.

23.
24.

25.

26.
27.

ment of the quality of surgical care. J Am Coll Surg 1995,
180(5):519-31.
Prabhakar G, Haan CK, Peterson ED, Coombs LP, Cruzzavala JL,
Murray GF: The risks of moderate and extreme obesity for
coronary artery bypass grafting outcomes: a study from the
Society of Thoracic Surgeons' database. Ann Thorac Surg 2002,
74(4):1125-30; discussion 1130-1.
Vogt MT, Hanscom B, Lauerman WC, Kang JD: Influence of smoking on the health status of spinal patients: the National Spine
Network database. Spine 2002, 27(3):313-319.
Weeks WB, Bazos DA, Bott DM, Lombardo R, Racz MJ, Hannan EL,
Fisher ES: New York's statistical model accurately predicts
mortality risk for veterans who obtain private sector CABG.
Health Serv Res 2005, 40(4):1186-1196.
Bridges CR, Edwards FH, Peterson ED, Coombs LP: The effect of
race on coronary bypass operative morality. J Am Coll Cardiol
2000, 36:1870-1876.
Vogt MT, Rubin DA, Palermo L, Christianson L, Kang JD, Nevitt MC,
Cauley JA: Lumbar spine listhesis in older African American
women. Spine J 2003, 3(4):255-261.
Gatchel RJ, Polatin PB, Mayer TG: The dominant role of psychosocial risk factors in the development of chronic low back
pain disability. Spine 1995, 20(24):2702-2709.
El Masry WS, Tsubo M, Katoh S, El Miligui YH, Khan A: Validation
of the American Spinal Injury Association (ASIA) motor
score and the National Acute Spinal Cord Injury Study
(NASCIS) motor score. Spine 1996, 21(5):614-619.
Elfering A, Semmer N, Birkhofer D, Zanetti M, Hodler J, Boos N: Risk
factors for lumbar disc degeneration: a 5-year prospective
MRI study in asymptomatic individuals.
Spine 2002,
27(2):125-134.
Dora C, Walchli B, Elfering A, Gal I, Weishaupt D, Boos N: The significance of spinal canal dimensions in discriminating symptomatic from asymptomatic disc herniations. Eur Spine J 2002,
11(6):575-581.
Jarvik JG, Hollingworth W, Heagerty PJ, Haynor DR, Boyko EJ, Deyo
RA: Three-year incidence of low back pain in an initially
asymptomatic cohort: clinical and imaging risk factors. Spine
2005, 30(13):1541-8; discussion 1549.
Perennou D, Marcelli C, Herisson C, Simon L: Adult lumbar scoliosis. Epidemiologic aspects in a low-back pain population.
Spine 1994, 19(2):123-128.
Vialle R, Levassor N, Rillardon L, Templier A, Skalli W, Guigui P:
Radiographic analysis of the sagittal alignment and balance
of the spine in asymptomatic subjects. J Bone Joint Surg Am 2005,
87(2):260-267.
NCCMERP: NCC MERP Index for Categorizing Medication
Errors Algorithm. [http://www.nccmerp.org/pdf/algorColor200106-12.pdf].
Atlas SJ, Deyo RA, Keller RB, Chapin AM, Patrick DL, Long JM, Singer
DE: The Maine Lumbar Spine Study, Part III. 1-year outcomes of surgical and nonsurgical management of lumbar
spinal stenosis. Spine 1996, 21(15):1787-94; discussion 1794-5.
Atlas SJ, Deyo RA, Keller RB, Chapin AM, Patrick DL, Long JM, Singer
DE: The Maine Lumbar Spine Study, Part II: 1-year outcomes of surgical and nonsurgical management of sciatica.
Spine 1996, 21(15):1777-1786.
Keller RB, Atlas SJ, Singer DE, Chapin AM, Mooney NA, Patrick DL,
Deyo RA: The Maine Lumbar Spine Study, Part I. Background
and concepts. Spine 1996, 21(15):1769-1776.
McHorney CA, Kosinski M, Ware JE: Comparisons of the costs
and quality of norms for the SF-36 health survey collected by
mail versus telephone interview: Results from a national
survey. Medical Care 1994, 32:551-567.
McHorney CA, Ware JE, Raczek AE: The MOS 36-item shortform health survey (SF-36): II. Psychometric and clinical
tests of validity in measuring physical and mental health constructs. Medical Care 1993, 31:247-263.
Ware JJ, Sherbourne CD: The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Medical Care 1992, 30:473-483.
Wiggins GC, Mirza S, Bellabarba C, West GA, Chapman JR, Shaffrey
CI: Perioperative complications with costotransversectomy
and anterior approaches to thoracic and thoracolumbar
tumors. In Neurosurgical Focus Volume 11(6). American Association
of Neurological Surgeons; 2001:1-9.

http://www.biomedcentral.com/1471-2474/7/53

28.

29.

30.
31.

32.

33.
34.
35.
36.
37.

38.
39.

40.
41.
42.

43.

44.

45.

46.
47.
48.

Reilly DF, McNeely MJ, Doerner D, Greenberg DL, Staiger TO, Geist
MJ, Vedovatti PA, Coffey JE, et al.: Self-reported exercise tolerance and the risk of serious perioperative complications.
Arch Intern Med 1999, 159(18):2185-2192.
Posner KL, Freund PR: Trends in quality of anesthesia care associated with changing staffing patterns, productivity, and concurrency of case supervision in a teaching hospital.
Anesthesiology 1999, 91(3):839-847.
Andrews LB, Stocking C, Krizek T, Gottlieb L, Krizek C, Vargish T,
Siegler M: An alternative strategy for studying adverse events
in medical care. Lancet 1997, 349(9048):309-313.
Brennan TA, Leape LL, Laird NM, Hebert L, Localio AR, Lawthers
AG, Newhouse JP, Weiler PC, Hiatt HH: Incidence of adverse
events and negligence in hospitalized patients. Results of the
Harvard Medical Practice Study I. N Engl J Med 1991,
324(6):370-376.
Leape LL, Brennan TA, Laird N, Lawthers AG, Localio AR, Barnes BA,
Hebert L, Newhouse JP, Weiler PC, Hiatt H: The nature of
adverse events in hospitalized patients. Results of the Harvard Medical Practice Study II.
N Engl J Med 1991,
324(6):377-384.
JCAHO: Sentinel Event Policy and Procedures, Updated June
2005.
[http://www.jointcommission.org/SentinalEvents/Policyand
Procedures/].
NCCMERP: NCC MERP Index for Categorizing Medication
Errors. [http://www.nccmerp.org/pdf/indexColor2001-06-12.pdf].
Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW: Can comorbidity be measured by questionnaire rather than medical
record review? Med Care 1996, 34(1):73-84.
Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of
classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 1987, 40(5):373-383.
Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN: The Self-Administered Comorbidity Questionnaire: a new method to assess
comorbidity for clinical and health services research. Arthritis
Rheum 2003, 49(2):156-163.
Elixhauser A, Steiner C, Harris DR, Coffey RM: Comorbidity measures for use with administrative data. Med Care 1998,
36(1):8-27.
Leung JM, Dzankic S: Relative importance of preoperative
health status versus intraoperative factors in predicting
postoperative adverse outcomes in geriatric surgical
patients. J Am Geriatr Soc 2001, 49(8):1080-1085.
Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N: Magnetic
resonance classification of lumbar intervertebral disc degeneration. Spine 2001, 26(17):1873-1878.
Pye SR, Reid DM, Smith R, Adams JE, Nelson K, Silman AJ, O'Neill
TW: Radiographic features of lumbar disc degeneration and
self-reported back pain. J Rheumatol 2004, 31(4):753-758.
O'Neill TW, McCloskey EV, Kanis JA, Bhalla AK, Reeve J, Reid DM,
Todd C, Woolf AD, Silman AJ: The distribution, determinants,
and clinical correlates of vertebral osteophytosis: a population based survey. J Rheumatol 1999, 26(4):842-848.
Benneker LM, Heini PF, Anderson SE, Alini M, Ito K: Correlation of
radiographic and MRI parameters to morphological and biochemical assessment of intervertebral disc degeneration.
Eur Spine J 2005, 14(1):27-35.
Fardon DF, Milette PC: Nomenclature and classification of lumbar disc pathology. Recommendations of the Combined task
Forces of the North American Spine Society, American
Society of Spine Radiology, and American Society of Neuroradiology. Spine 2001, 26(5):E93-E113.
Speciale AC, Pietrobon R, Urban CW, Richardson WJ, Helms CA,
Major N, Enterline D, Hey L, Haglund M, Turner DA: Observer variability in assessing lumbar spinal stenosis severity on magnetic resonance imaging and its relation to cross-sectional
spinal canal area. Spine 2002, 27(10):1082-1086.
Timon SJ, Gardner MJ, Wanich T, Poynton A, Pigeon R, Widmann RF,
Rawlins BA, Burke SW: Not all spondylolisthesis grading instruments are reliable. Clin Orthop Relat Res 2005:157-162.
Capasso G, Maffulli N, Testa V: Inter- and intratester reliability
of radiographic measurements of spondylolisthesis. Acta
Orthop Belg 1992, 58(2):188-192.
Wood KB, Popp CA, Transfeldt EE, Geissele AE: Radiographic
evaluation of instability in spondylolisthesis. Spine 1994,
19(15):1697-1703.

Page 15 of 16
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2006, 7:53

49.

50.
51.
52.

53.
54.
55.
56.

57.
58.
59.
60.
61.
62.
63.
64.

http://www.biomedcentral.com/1471-2474/7/53

McGregor AH, Cattermole HR, Hughes SP: Global spinal motion
in subjects with lumbar spondylolysis and spondylolisthesis:
does the grade or type of slip affect global spinal motion?
Spine 2001, 26(3):282-286.
Schwab F, el-Fegoun AB, Gamez L, Goodman H, Farcy JP: A lumbar
classification of scoliosis in the adult patient: preliminary
approach. Spine 2005, 30(14):1670-1673.
Schwab FJ, Smith VA, Biserni M, Gamez L, Farcy JP, Pagala M: Adult
scoliosis: a quantitative radiographic and clinical analysis.
Spine 2002, 27(4):387-392.
Jackson RP, Peterson MD, McManus AC, Hales C: Compensatory
spinopelvic balance over the hip axis and better reliability in
measuring lordosis to the pelvic radius on standing lateral
radiographs of adult volunteers and patients. Spine 1998,
23(16):1750-1767.
Landis JR, Koch GG: An application of hierarchical kappa-type
statistics in the assessment of majority agreement among
multiple observers. Biometrics 1977, 33(2):363-374.
Landis JR, Koch GG: The measurement of observer agreement
for categorical data. Biometrics 1977, 33(1):159-174.
Maclure M, Willett WC: Misinterpretation and misuse of the
kappa statistic. Am J Epidemiol 1987, 126(2):161-169.
Steinley D, Wood P: ICC.sas - a program to calculate IntraClass Correlations and Confidence Intervals. Accessed at
http://www.missouri.edu/~umcasadorg/
occasional_papers_series.htm on December 2, 2005. University of Missouri-Columbia ; 2000.
Berlinger N, Wu AW: Subtracting insult from injury: addressing cultural expectations in the disclosure of medical error.
J Med Ethics 2005, 31(2):106-108.
Wu AW: Medical error: the second victim. The doctor who
makes the mistake needs help too.
Bmj 2000,
320(7237):726-727.
Krizek TJ: Surgical error: reflections on adverse events. Bull
Am Coll Surg 2000, 85(7):18-22.
Krizek TJ: Surgical error: ethical issues of adverse events. Arch
Surg 2000, 135(11):1359-1366.
Risucci DA, Sullivan T, DiRusso S, Savino JA: Assessing educational
validity of the Morbidity and Mortality conference: a pilot
study. Curr Surg 2003, 60(2):204-209.
Harbison SP, Regehr G: Faculty and resident opinions regarding
the role of morbidity and mortality conference. Am J Surg
1999, 177(2):136-139.
Pierluissi E, Fischer MA, Campbell AR, Landefeld CS: Discussion of
medical errors in morbidity and mortality conferences. Jama
2003, 290(21):2838-2842.
Ricci M, Goldman AP, de Leval MR, Cohen GA, Devaney F, Carthey
J: Pitfalls of adverse event reporting in paediatric cardiac
intensive care. Arch Dis Child 2004, 89(9):856-859.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/7/53/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 16 of 16
(page number not for citation purposes)

