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Abstract
Objective
To assess patterns of healthcare resource utilization prior to anterior cervical decompression and fusion (ACDF) in
patients diagnosed with radiculopathy with a retrospective cohort study design.

Background
ACDF is associated with improvement in quality of life among patients with cervical radiculopathy. However, little
is known regarding utilization of healthcare services and total cost of care before ACDF surgery in the United
States.

Methods
We analyzed a group of patients who received ACDF for radiculopathy during 2009-2011 using a healthcare data-
base of over 20 million patients of all ages. Patients with fewer than two years of data prior to ACDF procedure
were excluded. Inclusion criteria included patients with a diagnosis of disc displacement/degeneration and radicu-
lopathy. All charges related to healthcare administration within two years prior to surgery were recorded and ana-
lyzed.

Results
Sixteen hundred seventy six patients met the inclusion criteria. Seventy-three percent of patients were in the 40-59
year age range; 55% were women and 45% were men. In the two years preceding the surgery, 34% of patients re-
ceived prescription NSAIDs, and 98% received prescription narcotics for total charges of $101,188 ($174.46/pa-
tient) and $222,860 ($134.82/patient) respectively. Total pain-related interventions over two years (oral pharma-
cotherapy and injections) were charged at $4,368,900 at an average of $2,606/treatment. Total outpatient charges
including physician office visits, other outpatient visits and emergency room visits amounted to $25,450,012.
Mean total outpatient charges over the two years preceding ACDF was $15,556 per patient for 26,397 episodes of
care. Injectable corticosteroids were provided for 84.7% of patients and charges related to this treatment totaled
$1,137 per patient.

Conclusions
In the two years prior to ACDF, healthcare resource utilization is extremely high. Given that these patients ulti-
mately undergo surgical intervention, opportunities to reduce charges of conservative care exist.
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Introduction
Radiculopathy associated with degeneration of the
cervical spine can lead to severe pain, limitation in
function, and impaired quality of life.1 Patients with

this condition frequently are treated with various
medications, physical therapy as well as injection
therapies. In those patients that “fail” these treat-
ments, surgical intervention may be recommended.
Anterior cervical decompression and fusion (ACDF)
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has been associated with alleviation of pain, improve-
ment in function and overall improvement in quality
of life among patients with disabling cervical radicu-
lopathy.2 In addition ACDF has been shown to be a
cost-effective intervention for this diagnosis,3 howev-
er, little is known about the utilization of healthcare
services and costs of care in the period prior to
ACDF surgery in the United States.

Research in the area of joint arthroplasty has shown
the significant costs associated with non-operative
treatment of hip and knee osteoarthritis prior to joint
arthroplasty surgery.4 Berger and colleagues reported
that the mean costs associated with non-surgical care
averaged $9,632 per patient over two years prior to
the joint arthroplasty surgery.

Given that health care utilization in the period prior
to ACDF surgery may not ultimately prevent surgical
intervention, the resources consumed deserve to be
analyzed. It is unknown, what proportion of patients
that present with documented cervical radiculopathy
will respond to non-operative treatment. An epi-
demiologic study of patients presenting with cervical
radiculopathy reported that 26% of patients ultimate-
ly underwent surgery.5 The purpose of the current
study was to measure utilization of healthcare ser-
vices and direct healthcare charges in the two years
prior to an ACDF procedure.

Materials and Methods
Data source
This study was exempt from our local Institutional
Review Board approval. The clinical data for this
study was extrapolated from a proprietary database.
The PearlDiver Private Payer Database (PearlDiver
Technologies, Inc., West Conshohocken, PA) is a
large collection of clinical/financial information for a
large body of patients. This database is composed of
billing information collected by a large national pri-
vate health insurance company. The goal of main-
taining this database is to advance health policy re-
search. The study cohort was found by searching
Current Procedural Terminology (CPT) and Interna-
tional Classification of Diseases (ICD-9) codes relat-
ed to more than 20 million patients of all ages. Only
patients covered by commercial insurance carriers

were included in this study. The relevant CPT codes
included CPT 22551, 22554, 63075. The patients in-
cluded were based on data between 2009 and
through 2011. Both CPT 22554 and 63075 were used
for ACDF procedures prior to 2011 and only CPT
22551 was used after 2011 consistent with billing
codes for ACDF over those time periods. Once
found, only patients who carried a diagnosis of disc
displacement/degeneration and radiculopathy were
included. Patients who had a diagnosis of trauma/
neoplasm were excluded in our cohort. The codes
used for inclusion are listed in Table 1.

For the group of patients included within our cohort,
all relevant clinical information was recorded with no
patient identifiers available for study investigators.
All patient identifiers in our database were encrypt-
ed. The PearlDriver database is compliant with regu-
lations set forth by the Health Insurance Portability
and Accountability Act of 1996 (HIPPA). In cases
where less than 11 patients received a specific treat-
ment or had a specific demographic characteristic,
the actual number of patients was masked to protect
the identity of patients. The demographic data col-
lected included age, gender, geographical region, as-
sociated clinical diagnoses.

Study sample
Among the cohort of patients, the date of the initial
ACDF procedure was designated as the index proce-
dure date. Only patients with recorded charges
throughout the two-year period prior to their index
procedure were included within this study. Patients
who carried a diagnosis of cervical radiculopathy and

Table 1. CPT and ICD-9 codes included within our Data Analysis.
CPT or
ICD-9
Code

Procedure definition

22551
(2011 pri-
mary code)

Arthrodesis, anterior interbody, including disc space prepara-
tion, discectomy, osteophytectomy, and decompression of
spinal cord and/or nerve roots. Below C2

22554 and
63075 (pri-
or to 2011)

Arthrodesis, anterior interbody, including disc space prepara-
tion, discectomy, osteophytectomy, and decompression of
spinal cord and/or nerve roots. Below C2

723.4 and
729.2 Radiculopathy

722.2,
722.4 and
722.6

Disc displacement/degeneration
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displacement/degeneration of cervical intervertebral
disc were included within this study. Relevant ICD-
9 codes used to identify pre-op diagnoses and rele-
vant ICD-9 codes are shown in Table 2. Patients
without the diagnoses shown in Table 2 were exclud-
ed from the study.

Measures and analyses
The demographic and clinical characteristics of each
patient were examined as a group for each diagnosis.
Healthcare charges over two years were analyzed on
the basis of CPT codes as well as specific treatments
to help assist in pain control. Total pain-related treat-
ments were categorized as either oral, injectable or
topical agents. Outpatient charges were broken down
by whether or not charges were drawn from physi-
cian offices or emergency departments. In addition,
charges incurred for any diagnosis within the two
years prior to the index procedure were separately
listed and analyzed. This included imaging, physician
treatment, pharmacotherapy and other healthcare
services which incurred charges from the third-party
payers. These charges were not adjusted for infla-
tion.

Results
A total of 1676 patients met the inclusion criteria.
Mean age was 39.1 years. Seventy-three percent of
patients were in the 40-59 year age range; 55% were
women and 45% were men. Regionally, the patients
were spread throughout the country; Midwest 54.8%,
Northeast 5.8%, South 57.6% West 13.1%. Pre-
operative associated diagnoses are listed in Table 3.

In the two years preceding the surgery, 34% of pa-
tients received prescription NSAIDs, and 98% re-

Table 2. ICD-9 codes use to identify pre-op diagnoses related to ACDF
procedure.

ceived prescription narcotics. The total charges for
prescription NSAIDs was $101,188 and the total
charges for prescription narcotic was $222,860. Top-
ical steroids were used in 77 patients (4.5% of pa-
tients).

Total charges associated with imaging over two years
were substantial. In Table 4 there is listed the
charges associated with x-rays, CT Scans and MRI

Table 3. Pre-operative diagnoses for ACDF patients.

*Signifies less than 11 patients included in the subcategory.

ICD-9 Diagnosis

722.2 Displacement of intervertebral disc, site unspecified, without
myelopathy

722.4 Degeneration of cervical intervertebral disc

722.6 Degeneration of intervertebral disc, site unspecified

723.4 Brachial neuritis or radiculitis NOS

729.2 Neuralgia, neuritis, and radiculitis, unspecified

Hyperlipidemia 16.8%

Diabetes mellitus 8.8%

Obesity 6.4%

Depressive disorders 3.1%

Anxiety disorders 12.3%

Migraine 6.8%

Hypertension 29.9%

Ischemic heart disease 2.1%

Valve disease 1.0%

Cardiac dysrhythmias 2.9%

Congestive heart failure *

Cerebrovascular disease 1.3%

Back pain 43.5%

Cervical pain 98.7%

Arthritis 8.1%

Fibromyalgia 17.6%

Painful neuropathic disorders 100.0%

Gout 0.8%

Other body/joint pain 100.0%

Other diseases of the musculoskeletal system and connective tissues 100.0%

Fatigue 6.9%

Headache 10.8%

Chest pain 6.6%

Abdominal pain 3.6%

Sprains and strains 33.1%

Dislocations and fractures *

Sleep disorders 6.1%
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for pre-operative evaluation of patients. Cervical ra-
diographs charges were $319,553. CT Scans of the
cervical spine were associated with $477,669 in
charges. Cervical MRI scans were associated with
$2,877,773 in charges.

Total pain-related charges over two years (oral phar-
macotherapy including NSAIDs/Opiods and injec-
tions) totaled $4,368,900. Oral corticosteroid
charges averaged $24 per patient for 380 patients
while injection of corticosteroids was $2,720 per pa-
tient in 1420 patients (84.7% of total patients). Of
note, other forms of pain related interventions in-
clude antiepileptic oral medications ($158,336), anti-
depressant medications ($5,874), topical corticos-
teroids ($9,096) and other forms of treatment to to-
tal $4,368,900. Total physical therapy charges were
$123,135. 583 patients utilized physical therapy ses-
sions with average charges of $211 per patient.

Total outpatient charges, including physician office
visits, other outpatient visits and emergency room
visits, amounted to $25,450,012 as listed in Table 5.
Mean total outpatient charges over the two years
preceding ACDF was $948 per treatment and
$15,556/patient for 26,397 episodes of care. The
charges associated with ”other” outpatient visits,
Emergency Department (ED) or Physician office vis-
its are listed in Table 5. Other outpatient visits refers

Table 4. CPT Codes related to imaging for the Cervical Spine.

to charges associated with pharmacotherapy, injec-
tions, physical therapy, chiropractor as well as any
other treatment modality billed with an ICD-9 code
related to cervical pathology.

The percentage of total pre-operative charges associ-
ated with various treatment modalities are listed in
Table 6. NSAIDs and opiods represent a low impact
on total charges associated with pre-operative care.
This is in contrast to injected corticosteroids, which
account for a higher portion of pre-operative charges
of care.

Discussion
ACDF has been shown to be a cost-effective treat-
ment for cervical radiculopathy with underlying de-
generative cervical spondylosis.2,6,7 Cost effective
treatments are by definition interventions that when
properly indicated provide enough clinical benefit to
a patient to justify the costs associated with the inter-
vention. ACDF is typically performed after patients
“fail” non-surgical treatment. There is little pub-
lished data assessing the charges associated with
non-operative care in patients with cervical radicu-
lopathy. The current study quantifies the charges in-
cluding charges for pain relief procedures, medica-
tions, physical therapy, outpatient clinic and emer-
gency department visits in the two years preceding
ACDF surgery. In the cohort of patients studied, uti-
lization of resources for non-operative care in pa-
tients who ultimately underwent surgical interven-

Table 5. Total charges in various clinical settings during the pre-operative
phase of treatment. These clinic visits/physician encounters were only
included if they were associated with a diagnosis of cervical radiculopathy
and/or disc degeneration.

Table 6. Charges related to pharmacologic treatment of ACDF patients.

CPT Description No. of
Patients Charge

CPT-72040 Radiologic examination, spine, cervi-
cal; two or three views 699 $113,578

CPT-72050 Radiologic examination, spine, cervi-
cal; minimum of four views 592 $143,072

CPT-72052
Radiologic examination, spine, cervi-
cal; complete, including oblique and

flexion and/or extension studies
248 $62,903

CPT-72125 Computed tomography, cervical spine;
without contrast material 233 $274,876

CPT-72126 Computed tomography, cervical spine;
with contrast material 164 $202,803

CPT-72141
Magnetic resonance (eg, proton) imag-
ing, spinal canal and contents, cervical;

without contrast material
1680 $2,865,059

CPT-72142
Magnetic resonance (eg, proton) imag-
ing, spinal canal and contents, cervical;

with contrast material(s)

Less
than 22 $12,714

Outpatient Care Charges

Physicians' Office Visits $7,650,440

Other outpatient visits $17,597,447

Emergency Department $202,125

Agent Charges

NSAIDs $101,188

Opioids $222,860

Injected Corticosteroids $3,862,663

doi: 10.14444/4025

International Journal of Spine Surgery 4 / 7

 by guest on May 2, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


tion was high.

Recently concerns regarding over-utilization of nar-
cotic medications in the United States have been
raised.8,9 Our study found that 98% of patients used
narcotic medications in the 2 year period prior to
ACDF. Given the significant side effects and con-
cerns for dependence, narcotics are usually reserved
for patients that have severe pain non-responsive to
other medications.10 The percentage of patients uti-
lizing narcotics for radiculopathy that ultimately re-
quired surgical intervention is concerning and is sub-
stantially higher than rates reported in patients that
undergo hip replacement surgery. In addition, use of
pre-operative narcotic medications may predict less
than optimal outcomes after surgical treatment.

A large portion of patients (84.7%) underwent injec-
tion therapies within our cohort. Cervical ESIs have
been associated with meningitis, abscess, brain and
spinal cord injury.11,12,13 In addition there is data ques-
tioning the efficacy of this treatment modality for
cervical radiculopathy. A recent comparativeness
study did not show a significant difference in average
arm pain (primary outcome measure) for patients
with cervical radiculopathy between cervical ESIs
and oral nortriptyline/gabapentin and physical thera-
py.14

Recent reforms initiated by the Affordable Care Act
have focused in part on making health care delivery
more efficient and cost-effective.15 This includes re-
warding providers who provide high-quality care at
low costs. In order to implement this, new payment
models are being actively investigated. One of these
proposed models utilizes bundled payments that
would tie payments to the management of a specific
diagnosis regardless of specific treatment selected by
the provider.16 When considering a single payment
for treatment of patients with cervical radiculopathy,
the pre-operative charges identified in the current
study will need to be accounted for and their value in
the treatment continuum should be critically scruti-
nized.

Evidence of exhaustion of nonoperative modalities of
treatment has been used by the Center for Medicare
and Medicaid Services (CMS) as a prerequisite for

reimbursement of providers for total joint arthroplas-
ty.17 The value of these treatments has yet to be de-
termined. It is reasonable to believe that surgeons
will increasingly have to document appropriate non-
operative modalities of treatment prior to providing
surgical care for a variety of diagnoses. The charges
and timing of these nonoperative modalities of care
need to be considered particularly in patients who ul-
timately undergo surgical intervention. The current
study suggests that in a subset of patients, nonopera-
tive care is associated with high charges. Certainly if
this subset of patients could be identified, the need
for these time consuming and costly treatments
could be avoided.

The significant charges associated with outpatient
care of patients with cervical pathology indicates that
there may be utility in implementing stratified care
for patients complaining of neck and arm pain. Re-
cent research by Whitehurst et al. showed the cost-
effectiveness of having stratified treatment algo-
rithms for patients at low, medium and high risk of
persistent, disabling back pain.18 Research into a simi-
lar algorithm for streamlining care for patients with
neck pain may help curb the significant charges asso-
ciated with outpatient care. Furthermore, future re-
search into whether or not increased pre-operative
care (such as injections, prescription medications, )
enhance or reduce clinical outcomes for patients that
eventually go on to have an ACDF procedure will be
vital.

There are important limits to this study. Charges
were only investigated in patients who had private
health insurance. This database did not include pa-
tients who have care provided through Medicare and
Medicaid. There have been studies implicating the
significant effect of payer characteristic on medical
treatment.19,20 It is currently unknown how payer type
influences pre-operative charges for cervical spine
pathology. Another significant limitation is that only
charges from a third party payer were used to esti-
mate the financial impact of treatments for cervical
radiculopathy. It is unknown what the cost-charge ra-
tio is for these services and therefore the reimburse-
ment for these services is unknown. Due to the na-
ture of medical billing, we would only be able to asso-
ciate a prescription with cervical spine pathology if a
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cervical spine pathology related ICD-9 code was as-
sociated correctly with a prescription. This is, there-
fore, associated with the accuracy of medical coding
and if a diagnosis is not correctly associated with a
prescription than this may under or overestimate
medication costs.

Due to limitations in the clinical information that can
be extracted from administrative claims databases, it
is unknown why our cohort of patients were treated
non-operatively for two years prior to their ACDF
procedure. Given that this may be an unusually high
time for non-operative treatment, we may over-
estimate the size of charges related to non-operative
treatment. These patients may have a more insidious
growth in symptoms, but this subtle clinical informa-
tion can’t be extracted from CPT codes and ICD-9
codes alone.

This study based its findings on an administrative
claims database which have been shown to have im-
perfect correlation with clinical records.21,22 Given
the complexity of evaluating charges associated with
healthcare, however, these administrative databases
may be the best way to estimate charges of care for a
large cohort of patients. Furthermore, hospitals and
providers have a vested interest in accurately por-
traying charges for third-party payers in order to
avoid fraud allegations and to be appropriately com-
pensated for their work.

Physical therapy charges within this analysis totaled
$123,135 ($211/patient).. There is, little published on
the charges associated with physical therapy for
many musculo-skeletal diagnoses. Ong and col-
leagues reported that a total of $648 million a year
were spent on physical therapy for 50,886 THA pa-
tients and 107,675 TKA patients.23 No similar study
has been performed for patients with cervical spine
pathology.

An area of further research that this study raises is
how to identify patients who undergo ACDF but
consume disproportionately more resources during
the pre-surgical treatment course. Given the drive to-
wards payment models centered around a bundled
payment for an episode of care, it will be vital for
payers and providers to identify patients with indica-

tions for ACDF with tendencies toward higher cost
of care. This might allow for the creation of modi-
fiers for lump sum payments to more accurately re-
flect the patient characteristics or could lead to
strategies to eliminate excessive spending in this co-
hort. Furthermore, future studies on the effective-
ness of these non-operative modalities specifically re-
lated to the cervical spine are required. These future
studies will involve determining the relative value us-
ing Quality Adjusted Life Year (QALY) analysis for
treatments such as physical therapy, epidural steroid.

In summary, the charges related to nonoperative care
of patients with cervical radiculopathy that ultimate-
ly undergo surgery are substantial. Physical therapy,
narcotic medications, NSAIDs, injection therapies,
physical therapy and other outpatient treatment
modalities charge on average $15,556 /patient in the
two years prior to surgery. In the era of health care
reform, attempts at creating a more efficient and
higher-quality healthcare system will need to account
for these significant charges associated with nonop-
erative treatment for patients with cervical radicu-
lopathy who ultimately undergo definitive surgical
intervention.
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