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Abstract
Background: The efficacy and safety of cervical laminoforaminotomy (FOR) in the 
treatment of cervical radiculopathy has been demonstrated in several series with 
follow‑up less than a decade. However, there is little data analyzing the relative 
effectiveness of FOR for radiculopathy due to soft disc versus osteophyte disease. 
In the present study, we review our experience with FOR in a single‑center cohort, 
with long‑term follow‑up.
Methods: We examined the charts of patients who underwent 1085 FORs between 
1990 and 2009. A cohort of these patients participated in a telephone interview 
designed to assess improvement in symptoms and function.
Results: A total of 338 interviews were completed with a mean follow‑up of 10 years. 
Approximately 90% of interviewees reported improved pain, weakness, or function 
following FOR. Ninety‑three percent of patients were able to return to work after 
FOR. The overall complication rate was 3.3%, and the rate of recurrent radiculopathy 
requiring surgery was 6.2%. Soft disc subtypes compared to osteophyte disease 
by operative report were associated with improved symptoms  (P  < 0.05). The 
operative report of these pathologic subtypes was associated with the preoperative 
magnetic resonance imaging (MRI) interpretation (P < 0.001).
Conclusions: These results suggest that FOR is a highly effective surgical 
treatment for cervical radiculopathy with a low incidence of complications. 
Radiculopathy due to soft disc subtypes may be associated with a better prognosis 
compared to osteophyte disease, although osteophyte disease remains an excellent 
indication for FOR.
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INTRODUCTION

Cervical radiculopathy, seen in primary care settings and 
spine clinics, has an annual incidence of approximately 
0.1%.[5,21] Cervical laminoforaminotomy (FOR) is a 
well‑known surgical option to treat cervical radiculopathy 
and has been associated with short‑term clinical success 
rates of 85-100%. Reported complication rates vary 
from 0 to 10%.[6,12,13,16‑18,21,24,26,28,30,31,33] Although the 
principal surgical alternative, anterior cervical discectomy 
and fusion (ACDF), is commonly employed to treat 
radiculopathy, FOR has important advantages. For 
example, ACDF carries risks of injury to the carotid artery, 
esophagus, and trachea, and there are risks associated 
with instrumented fusion, including pseudarthrosis, graft 
or plate extrusion or fracture, and adjacent level disease. 
The presence of soft disc rather than osteophyte has been 
associated with greater success rates for FOR, but this 
premise needs to be reexamined.[16,19,24]

Between 1990 and 2009, the authors performed 1085 
FORs for cervical radiculopathy. Long‑term outcomes 
were assessed in a subset of 319  patients  (338  cases) 
available for interviews who had been followed for an 
average of 10 postoperative years. Our primary hypothesis 
was that FOR was nearly equally successful for patients 
with underlying soft disc protrusions versus osteophytes.

METHODS

Patient population
We reviewed patient records at our hospital using the 
International Classification of Diseases procedural 
code for cervical FOR. This study was approved by our 
institutional review board  (IRB), and patients gave their 
verbal informed consent. Surgeries were performed in 
1990-2009 by three senior authors  (FS 950, SD 128, and 
WW 7). Our statistical analysis revealed no significant 
association between surgeon and principal outcomes. 
Thus, all patients were analyzed as a single cohort. Our 
initial search included all patients who underwent FOR 
for the treatment of pain or weakness caused by C3-C8 
radiculopathy. Those with myelopathy, previous cervical 
fusion at the same level, or spinal neoplasm were excluded. 
Our search yielded 1085 FOR surgeries performed among 
1039  patients. Of these, 319  patients  (338  cases) were 
available for interviews. They had been followed for an 
average of 10 postoperative years. The surgical approach 
has been described elsewhere.[10,19,23,25,26]

Chart review
Data including demographic information, comorbidities, 
presenting symptoms, previous non‑surgical treatments, 
previous and subsequent spine surgeries, diagnostic 
studies, surgical level and side, operative findings, and 
complications were collected, entered into a database, 
and reviewed for our analyses. All patients were seen 

for routine follow‑up approximately 30  days after their 
surgery, and in our review, the office notes from these 
follow‑up appointments were examined for mention of 
residual symptoms.

Magnetic resonance imaging (MRI) reports were reviewed 
given the large majority of images were unavailable. 
Although the term “soft disc” was not typically used in 
imaging reports, MRI was frequently able to differentiate 
between disc and osteophyte etiologies. Operative reports 
consistently used the term “soft disc,” and thus we 
chose to categorize patients according to these variables 
throughout this study.

Telephone interview
Over a 45‑day period, all patients who met the inclusion 
criteria were telephoned. Of those called, 338  cases were 
included in our primary analysis as patients were available 
to participate in a 5‑min structured interview regarding 
their symptoms and function since surgery. Patients 
who had multiple FORs performed were asked the 
same questions for each surgery. In order to ensure the 
highest possible response rate, the telephone numbers 
were checked using multiple sources, and the patients 
were called on at least two separate occasions. Among 
those who could be reached, the mean follow‑up was 
10.0  years  (median  =  9.9  years, range  =  2.5-19.4  years). 
Patients were queried regarding additional treatments, 
subjective improvement in symptoms and level of 
function, and they rated their original and subsequent 
postoperative pain on a scale of 0-10 [Figure 1].

Statistical analysis
Key exposure variables were determined by the chart 
review and telephone interview. The principal outcome 
variables included patients’ ratings of pain, weakness, 
and functional improvement, as well as current ratings 
of original preoperative pain  (0-10) and ability to return 
to work or normal daily activities. The subset of patients 
who completed the interview was included in an analysis 
designed to test for associations between exposure 
and outcome variables. Chi‑square, Fisher’s exact test, 
general linear regression, and logistic regression were 
used to test for associations between exposure and 
outcome variables. The data analysis was performed 
using SAS/STAT software, Version 9.2, of the SAS System 
for Windows  (SAS Institute Inc., Cary, NC, USA). 
A P < 0.05 was considered statistically significant.

RESULTS

Interview outcomes
We interviewed 319  patients who completed the 
questionnaire for 338 surgical cases. Thirteen of these 
patients underwent two FORs and three underwent 
three FORs. Patients answered the questionnaire 
items for each surgery. The mean age at interview 
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was 60.1  years  (range  =  36-92  years), and the mean 
follow‑up was 10.0  years  (median  =  9.9  years, 
range  =  2.6-19.4  years). The group of interviewees 
was comparable to non‑interviewees for all exposure 
and outcome variables  (P  <  0.05), except that the 
interviewees were older than the non‑interviewees (50.2 vs 
47.7  years, P < 0.001). There were also small differences 
in sex (52.4% of interviewees vs 59.2% of non‑interviewees 
were male, P  =  0.036), arm pain at presentation  (93.4% 
of interviewees vs 96.5% of non‑interviewees, P = 0.022), 
and year of surgery  (49.4% of interviewees vs 63.5% of 
non‑interviewees before the year 2000, P = 0.001).

Ninety‑seven  (28.7%) cases used postoperative physical 
therapy for the original condition. Steroid injection 
was used in 29  (8.6%) instances, chiropractic treatment 

in 27  (8.0%), and acupuncture in 16  (4.7%). Patients 
were questioned about additional surgeries during the 
interview because they may change providers and undergo 
procedures not captured in our health system records. 
Among 338 interviews, one additional cervical surgery 
was performed in 37  (11.0%) instances. Two additional 
cervical surgeries were performed in eight  (2.4%) 
instances and three additional cervical surgeries in 
one  (0.30%) instance. Of these additional surgeries, 8 
were FORs at the same level and side, 23 were FORs at a 
different level or side, 11 were ACDFs at the same level, 
11 were ACDFs at a different level, 1 was a posterior 
fusion, and in one instance, the patient did not recall 
whether a subsequent ACDF was performed at the same 
level as the index FOR. Assuming this unknown case 
was performed at the same level, the total number of 

Figure 1: Structured telephone interview
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additional cervical surgeries involving the same level and 
side was 21 of 338 (6.2%), which we interpret as the rate 
of recurrence requiring additional surgery.

Patient ratings of improvement in symptoms and level of 
function are presented in Table  1. The mean 0-10 rating 
of the current pain related to the preoperative condition 
was 1.57  (SD  =  2.28, median  =  0, range  =  0-9). 
There were 160  (64.3%) patients who had preoperative 
subjective weakness and no postoperative weakness, 
compared with 89  (35.7%) who had preoperative and 
at least some postoperative weakness. Two hundred and 
twenty‑four (93.0%) patients who were unable to work or 
perform normal daily activities prior to surgery were able 
to return postoperatively.

Associations between exposure and outcome 
variables
Our regression analyses revealed a lack of association 
between our outcome variables and age (range 
30-82 years). However, outcomes were associated with the 
presence of medical comorbidities. Cases with no medical 
comorbidities were associated with improvements 
in pain  (χ2, P  =  0.002, 93.2% vs 81.1%), subjective 
weakness  (χ2, P  =  0.001, 92.3% vs 76.4%), function 
(χ2, P = 0.027, 91.5% vs 82.4%), and ability to return to 
work (χ2, P = 0.012, 95.2% vs 85.2%).

Cases with subjective weakness at presentation versus 
those without subjective weakness experienced more 
residual weakness, pain, or both at 30‑day follow‑up 
(χ2, P = 0.0009, 97.7% vs 83.2%). Of note, 7.8% of patients 
with subjective weakness at presentation versus 1.0% of 
patients without subjective weakness at presentation were 
noted to have weakness at 30‑day follow‑up. However, this 
relationship was not significant for weakness on exam at 
presentation. Duration of symptoms prior to surgery was 
not associated with outcomes. Both prescription narcotic 
use and the number of previous cervical spine surgeries 
were not associated with outcomes. Additionally, the 
number of root decompressions per operation was not 
associated with outcomes or the rate of complications.

Preoperative MRI findings and operative findings 
differentiating soft disc and osteophyte pathologies 
were significantly associated  (χ2, P  <  0.001). Operative 
findings of soft disc protrusions compared with 
osteophyte disease were associated with significantly 
higher rates of improved pain postoperatively 
(χ2, P = 0.002, 95.3% vs 81.0%), reports of lower current 
pain at the time of telephone interview  (general linear 
regression model, P  =  0.022, 1.28 vs 2.10), improved 
weakness  (χ2, P  =  0.001, 95.7% vs 76.2%), eliminated 
weakness  (χ2, P = 0.005, 75.8% vs 52.3%), and improved 
function  (χ2, P  =  0.009, 95.2% vs 83.6%). Patients with 
soft discs compared to those with osteophytes at surgery 
tended to report shorter durations of symptoms prior to 
surgery  (P  <  0.001, 20.5 vs 59.9  weeks). However, the 

associations between pathologic subtype and outcomes 
remained significant when controlling for duration of 
symptoms prior to surgery in multivariate regression 
analysis. Preoperative MRI findings of soft disc only 
versus osteophyte only were associated with the ability to 
return to work following surgery  (χ2, P  =  0.0021, 95.4% 
vs 75.0%).

The rate of complications was not statistically related to 
symptomatic and functional outcomes. There were no 
significant associations between year of surgery  (length 
of follow‑up) and the long‑term outcomes, including the 
current rating of pain  [Figure  2]. Likewise, all surgeons 
had similarly high success rates for each outcome 
measure, and there were no associations between 
individual surgeon and any of these outcomes.

Presentation, complications, and clinical 
follow‑up
Although the focus of our study was the subset of 
patients who participated in the follow‑up telephone 
interview, we briefly present overall information 
regarding demographics, presentation, evaluation, 
and treatment in Tables  2-6. We found no major 
statistically significant difference between the overall 

Figure 2: Rating of original preoperative pain at the time of interview 
by year of surgery. Patients were asked to rate their pain from 0 to 10. 
Bars represent the 95% confidence interval. There were similarly no 
associations between year of surgery and other outcome variables

Table 1: Symptomatic and functional improvement at 
follow‑up

Complaint Agree (%) Disagree (%)

Pain 293 (90.43) 31 (9.57)
Weakness 209 (88.56) 27 (11.44)
Function 286 (89.38) 34 (10.63)

Table 2: Presenting symptoms

Symptom Cases (%)

Arm pain 1029 (94.84)
Neck pain 719 (66.27)
Subjective weakness 580 (53.46)
Exam weakness 467 (43.04)
Numbness or paresthesias 682 (62.86)
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cohort and the interviewed subset, indicating that 
the interviewed subset is largely representative of 
the whole. Overall, 57.2% were male and 42.8% were 
female. Mean age at surgery was 48.5  years  (range 
19-82  years). The mean duration of symptoms prior 
to surgery was 39.8  weeks  (median  =  12  weeks, 
range = 0.29-1040 weeks).

The overall number of complications was 36  (3.3%). 
Of these, there were 19  (1.8%) surgical site infections. 
Fourteen of these cases required reoperation for 
incision and drainage, while the remaining infections 
were effectively treated with antibiotics. There were 
seven  (0.7%) dural breaches, five of which resulted in 
CSF leaks. Three of these leaks required reoperation for 
repair. Following surgery, six  (0.6%) patients developed a 
new focal sensory disturbance and three (0.3%) developed 
new focal weakness. One patient suffered a temporal 
scalp laceration due to misplacement of the Mayfield 
head holder. No association was found between the 
occurrence of a complication and patients’ outcomes.

Review of 30-day follow-up notes revealed residual arm 
pain in 20 of 630 (3.2%) visits, arm weakness in 26 of 
630 (4.1%) visits, and both pain and weakness in 3 of 630 
(0.5%) visits. In every case, residual symptoms had been 
present preoperatively. There were no new symptoms 
reported. In 581 of 630 (92.2%) visits, there was no 
mention of residual symptoms. Among the 49 of 630 
(7.8%) visits with residual pain or weakness at follow-up, 
some degree of improvement was noted in 29 (59.2%).

DISCUSSION

FOR in the treatment of cervical radiculopathy
This study reports long‑term follow‑up in a large cohort, 
shown to be representative of over  1000  cases of FOR for 
cervical radiculopathy. FOR was successful in relieving 
symptoms in 90% of patients, which is similar to the 
rate reported in other studies.[12,13,16,17,30,31] Furthermore, 
approximately 93% of patients who were unable to work or 
perform normal daily activities were able to return to these 
activities following FOR. The overall complication rate in 
our analysis was just over 3% and is also similar to the rates 
reported in previous series.[1,6,12,13,16‑18,24,26,28,30,31,33] The rate of 
recurrence of symptoms requiring additional surgery in the 
present study was 6.2% based on our telephone interviews. 
This rate is slightly higher than that reported by others. 
However, this difference may, at least in part, be the result 
of longer mean follow‑up in our study.

Pathologic subtype and FOR outcomes
Previous reports have shown a higher incidence of soft disc 
protrusions (60-80%) associated with cervical radiculopathy 
compared to osteophytic disease  (15%).[17,23] These 
distributions are roughly concordant with our operative 
findings of 62.2% soft discs and 32.0% osteophytes. Six 
percent of our cases were reported to have combined 
features. The distribution based on MRI was similar, and 
pathologic subtype findings by operative report correlated 
with the findings on MRI.  Of note, soft disc material 
as defined intraoperatively compared with osteophytic 
disease was associated with better results for nearly every 
outcome measured.  Although patients with soft discs 
tended to report shorter durations of symptoms prior to 
surgery, duration of symptoms itself did not appear to 
affect outcomes. Results in the osteophyte group were 
quite good, as they have been in previous studies.[18] Thus, 
radiculopathy due to osteophyte disease is still an excellent 
indication for FOR, and the results are similar to other 
forms of radiculopathy surgery.[4]

Additional findings
Perhaps not surprisingly, patients without medical 
comorbidities appeared to have superior outcomes 

Table 3: Preoperative non‑surgical treatments

Therapy/medication class Cases (%) Effective (%) Ineffective (%) Effectiveness unknown (%)

Physical therapy 368 (33.92) 58 (15.76) 259 (70.38) 51 (13.86)
Steroid injection 281 (25.90) 67 (23.84) 180 (64.06) 34 (12.10)
Chiropractic therapy 150 (13.82) 40 (26.67) 98 (65.33) 12 (8.00)
Acupuncture 24 (2.27) 8 (33.33) 14 (58.33) 2 (8.33)
Non‑steroidal anti‑inflammatory 489 (45.06) 89 (18.20) 293 (59.92) 107 (21.88)
Prescription narcotic 437 (41.30) 113 (25.86) 201 (46.00) 123 (28.15)
Oral steroid 164 (15.12) 36 (21.95) 74 (45.12) 54 (32.93)
Muscle relaxant 126 (11.61) 12 (9.52) 42 (33.33) 72 (57.14)
Benzodiazepine 30 (2.76) 1 (3.33) 5 (16.67) 24 (80.00)

Table 4: Frequencies of patients who underwent previous 
and subsequent spine surgeries based on chart review

Operation Previous Subsequent (%)

FOR at the same level and side 5 (0.46%) 9 (0.829)
FOR at a different level or side 60 (5.53%) 44 (4.05)
Cervical fusion at the same level Excluded 

from study
30 (2.76)

Cervical fusion at a different level 34 (3.13%)1 11 (1.01)
Lumbar surgery 75 (6.91%) 46 (4.24)
1Among the 34 cases with previous cervical fusions, 28 (82.35%) had the index FOR 
performed at an adjacent level. FOR: Iaminoforaminotomy
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compared to those patients with comorbidities. 
Preoperative subjective weakness was associated with 
increased residual weakness and pain at 30‑day follow‑up 
compared to no preoperative subjective weakness. This 
weakness may represent irreparable nerve injury. However, 
this association was not found for weakness detected 
on preoperative physical examination, emphasizing the 
importance of a thorough history as well as physical 
examination. In addition, the duration of symptoms 
preoperatively was not directly associated with worse 
outcomes.

Limitations
Limitations of the present study are those intrinsic to a 
retrospective design. Most notably, follow‑up was largely 
subjective and our telephone interviews were dependent 
on patients’ memory of events. Outcomes were based 
on patients’ recollection and accurate reporting of 
their current symptoms. Patients’ memory of details 
of additional surgeries, and our recurrence rate based 
on interview, is subject to this limitation. Thirty‑day 
follow‑up notes were limited, as no standardized outcome 
measures were administered during these visits. We 
assessed for responder bias by looking for differences 
between the group of telephone interviewees and 
those who were unable to be reached by telephone. 
Not surprisingly, interviewees’ surgery dates tended 
to be more recent. Interviewees were slightly older 
than non‑interviewees. Overall, the groups appeared 
comparable.

FOR and ACDF
Degenerative cervical spine disease requiring surgery is a 
significant public health issue. Patil et  al. reviewed data 
from the National Inpatient Sample Database utilizing 
ICD‑9 codes, comparing the years 1990 and 2000.[20] The 
total number of cervical spine operations nearly doubled 
from 53,810 in 1990 to 112,400 in 2000. Anterior fusion 

procedures rose from 17.8 to 69.5% of cervical spine 
operations, while non‑fusion decompressions declined 
from 70.5 to 24.6%. The inflation‑adjusted hospital 
charges for these procedures rose by 48% to a total 
exceeding $2 billion in 2000. The cost of these operations 
should not only be measured in terms of healthcare 
expenditure, but also in terms of effectiveness to achieve 
full function postoperatively because, at least in the case 
of cervical radiculopathy, patients are expected to return 
to work promptly.

We did not include our experience with ACDF for 
cervical radiculopathy. Comparisons of outcomes 
between FOR and ACDF in the treatment of cervical 
radiculopathy are currently limited.[27,29] Furthermore, it is 
not uncommon for studies to define outcomes differently, 
making direct comparisons challenging. To assess the 
relative effectiveness of FOR versus ACDF in a controlled 
population with similar vocational requirements, 
Tumialán et  al. studied 38 military personnel matched 
for age, treatment level, and surgeon.[27] Nineteen of 
these patients underwent FOR and the other nineteen 
underwent ACDF. Surgical results were comparable, as 
were operating room time, blood loss, and postoperative 
narcotic refills. The only complications were two cases 
of transient recurrent laryngeal nerve palsy in the ACDF 
group. Significantly, the average time to return to 
unrestricted full duty was 4.8  weeks  (range 1-8  weeks) 
in the FOR group and 19.6  weeks  (range 12-32  weeks) 
in the ACDF group, a difference of 14.8  weeks. Direct 
surgical costs were $3570 in the FOR group and $10,078 
in the ACDF group. The difference in indirect costs 
based on time to return to active duty was greater in the 
ACDF group by $20,094–$30,553. Of note, the virtually 
universal use of instrumentation devices likely increases 
the direct costs of ACDF.

Another significant advantage of FOR is avoidance of 
fusion and potential adjacent segment degeneration, 
which may require additional surgery.[2,3,11,14,15,32] Although 
there is controversy over the exact incidence of adjacent 
disc degeneration, its existence is hardly in doubt. The 
proliferation of anterior arthroplasty devices, whose 
function is predominantly to prevent the expected adjacent 
disc degeneration by allowing motion at the operated 
segment, underscores our awareness of delayed adjacent 
complications. The more immediate complication of 
pseudarthrosis has been mitigated but not eliminated 

Table 5: Preoperative diagnostic studies and findings

Study Cases (%) Disc (%) Osteophyte (%) Foraminal stenosis (%) No findings (%)

X‑ray 419 (38.62) 53 (12.65) 162 (38.66) 95 (22.67) 46 (10.97)
CT 205 (18.89) 113 (55.12) 67 (32.68) 130 (63.41) 2 (0.98)
CT myelogram 258 (23.78) 181 (70.16) 12 (4.65)
MR 1020 (94.01) 828 (81.18) 264 (25.88) 638 (62.55) 5 (0.49)
CT: Computerized tomography, MR: Magnetic resonance

Table 6: Distribution of surgically treated nerve roots

Root Total number decompressed (%)

C3 3 (0.19)
C4 50 (3.15)
C5 162 (10.20)
C6 608 (38.29)
C7 657 (41.37)
C8 108 (6.80)
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by the virtually universal use of anterior instrumentation 
devices, but as yet there is no treatment that successfully 
addresses adjacent disc degeneration, which seems to 
occur in a significant percentage of patients. Ishihara 
et  al. followed 112  patients with anterior cervical 
interbody fusion for more than 2  years.[15] Nineteen 
percent developed symptomatic adjacent segment 
disease. Goffin et  al. studied 181  patients treated with 
ACDF with an average follow‑up of more than 8 years.[11] 
They developed anterior segment disc degeneration at 
a far greater rate than would be expected with normal 
aging, and 43% demonstrated radiographically moderate 
to severe changes. Hilibrand et  al. showed that 
symptomatic adjacent segment disease, as defined by the 
presence of new radiculopathy or myelopathy referable 
to motion at an adjacent segment, may affect more 
than one‑fourth of all patients within 10  years following 
cervical arthrodesis.[14] The study demonstrated an annual 
incidence of symptomatic disease of approximately 2.9% 
following the index procedure. In view of the fact that 
two roots were decompressed in one‑third of cases in the 
present study, FOR offers freedom to explore and treat 
multiple roots without multiple fusions.

Despite the high success rate of FOR and the 
durability of this success for nearly 20  years in this 
study complemented by low complication rates, ACDF 
may be more effective than FOR in certain cases. For 
example, myelopathy or bilateral decompressions at 
the same level require the anterior approach. Concerns 
with FOR include same‑level degeneration due to facet 
joint resection and persistent neck pain due to muscle 
stripping.[7] However, a recent radiographic follow‑up 
study demonstrated a negligible rate of postoperative 
instability at an average 77  months follow‑up among 
patients undergoing FOR.[16] Moreover, we did not 
observe persistent neck pain in our study, and minimally 
invasive FOR may reduce postoperative muscle pain.[22]

The anterior approach carries with it unique and 
potentially serious complications such as dysphagia or 
even esophageal injury and recurrent laryngeal nerve 
palsy.[8,9] Fountas et  al. studied the complications 
from ACDF in 1015  patients and reported an overall 
morbidity of 19.3%.[9] Isolated postoperative dysphagia 
was seen in 9.5%, hematoma in 5.6%  (2.4% required 
surgical intervention), symptomatic recurrent laryngeal 
nerve palsy in 3.1%, dural penetration in 0.5%, and 
esophageal perforation in 0.3%. The complications in 
our series were generally transient. In summary, multiple 
studies demonstrate the advantages of an operation for 
cervical radiculopathy that can produce equal results in 
terms of  relief of arm pain yet avoid fusion.  FOR offers 
moderately fewer immediate complications, significantly 
fewer long‑term complications, a major reduction in 
direct costs  (particularly if one uses anterior interbody 

arthroplasty devices), and a benefit to the patient and 
society due to earlier return to work.
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