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ABSTRACT

Background: Postoperative C5 palsy is a common complication following cervical decompression, occurring more
frequently after posterior-based procedures. It has been theorized that this is the result of C5 nerve stretch resulting from
spinal cord drift with these procedures. As such, it is thought to be less common after anterior cervical decompression
and fusion (ACDF). However, no consensus has been reached on its true etiology. The purpose of this study is to assess
the rate of C5 palsy following ACDF and to determine whether any radiographic or demographic parameters were
predictive of its development.

Methods: Two hundred and twenty-six patients who received ACDF between September 2015 and September
2016 were reviewed, and 122 were included in the final analysis. Patient demographic, surgical, and radiographic data
were analyzed, including preoperative and postoperative radiographic and motor examination results. The Mann-
Whitney U test was used to compare continuous variables between independent groups, and Fisher’s exact test was used
to compare categorical variables between groups.

Results: Seven patients developed a C5 palsy in the postoperative period, an incidence rate of 5.7%. Among the
radiographic parameters evaluated, there were no statistically significant differences between the C5 palsy and nonpalsy
groups. Additionally, there were no statistically significant differences in age, patient sex, or numbers of vertebral levels
fused between groups.

Conclusions: Ultimately, we did not identify any statistically significant demographic or radiographic predictive
factors for the development of C5 palsy following ACDF surgery.

Level of Evidence: 3.

Cervical Spine

Keywords: C5 palsy, ACDF, anterial cervical discectomy and fusion, spine, orthopedic, palsy, surgery, cervical,
radiographic, demographic

INTRODUCTION

Anterior cervical decompression and fusion
(ACDF) is an effective treatment for cervical
radiculopathy and myelopathy.! Although felt to
be more common following posterior cervical
decompression'*, postoperative C5 palsy has been
reported to occur in as many as 4%—7% of ACDF
cases.' >>% Although several radiographic risk
factors for the development of a postoperative C5
palsy have been identified, including, among others,
excessive posterior cord drift,>>’ magnitude of
change in overall cervical alignment,” and increases
in C4-C5 intervertebral height,” no consensus has

emerged on its etiology, and the cause is likely
multifactorial.>? Additionally, the majority of
literature on postoperative C5 palsy has been
studied in the context of posterior-based proce-
dures; the risks factors for the development of C5
palsy following ACDF surgery have been much less
thoroughly studied.>® Although most patients
experience a full recovery within 6 months, C5
palsy is still physically and mentally debilitating for
those who experience it.>® The primary purpose of
this retrospective series patient cohort review was to
assess the rate of C5 palsy following ACDF and to
determine whether any radiographic or demograph-
ic parameters were predictive of its development.
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226 patients underwent ACDF between
September 2015 — September 2016

20 patients with corpectomy, concomitant

A4

posterior surgery, or no postoperative motor
strength documentation were excluded

N = 206 patients (10 palsy, 196 non-palsy)

84 patients (3 C5 palsy, 71 non-palsy) had

incomplete radiographic data in the form of

one of the following:
1) No Pre- or Post- OP radiograph accessible

N = 122 patients included in final analysis

from the chart
2) Inadequate visualization of the cervical.
spine in either Pre- or Post- OP radiograph

*//”////////\\\\\\\\\\\*

N = 7 C5 palsy patients

N = 115 non-palsy patients

Figure 1.
ultimately included in our analysis.

MATERIALS AND METHODS
Patient Selection and Inclusion Criteria

Patient demographic, surgical, and radiographic
data were reviewed, including preoperative and
postoperative motor examination results and pre-
operative and postoperative radiographs. Two
hundred and twenty-six patients who underwent
ACDF from September 2015 to September 2016
were reviewed in this retrospective, single institu-
tion, multisurgeon series patient cohort. Patients
were excluded if they underwent concomitant
posterior surgery or corpectomy, if no postoperative
motor strength was documented, or if radiographs
were inadequate for accurate measurement. One
hundred and twenty-two patients were included in
the final analysis (Figure 1). The average age of the
sample was 59.7 years, and 45.1% were female. The

study was approved by our institutional review
board.

Outcome Measures

The primary outcome measure was the development
of a C5 palsy, defined as a decrease of at least 1
motor grade in deltoid and/or biceps brachii muscle
function in the immediate postoperative period.
Preoperative and immediate postoperative radio-
graphs were reviewed to determine whether any

Algorithm describing patient exclusion criteria for analysis. Out of 226 patients who underwent anterior cervical decompression and fusion, 122 were

parameters influenced the development of a CS5
palsy. Preoperative and postoperative radiographs
were defined as the first sets of radiographic data
available before surgery and after surgery, respec-
tively. The radiographic parameters measured in-
cluded local Cobb angle (Figure 2B), C2—-C7 Cobb
angle (Figure 2A), C2-C7 sagittal vertical axis
(SVA) (Figure 2C), segment vertebral height (Figure
2D), and C2-C7 cervical height (Figure 2E).

Statistics

The Mann-Whitney U test was used to compare
continuous variables between independent groups,
and Fisher’s exact test was used to compare
categorical variables between groups.

RESULTS
C5 Palsy Patient Demographics

Seven patients developed a postoperative C5
palsy with an overall rate of 5.7%. Five of these
patients were men (71.4%), and 2 were women
(28.6%). The average patient age was 62.14 years
(range 47-80), with an average of 2.71 (range 1-3)
spinal levels fused during ACDF. Average follow-
up time for the 7 patients is 20.3 months (range 1-
35). There were no statistically significant differenc-
es in age (62.14 vs 59.62 years), patient sex (28.6%
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Figure 2. The C2-C7 Cobb angle is defined by the angle made by the intersection of 2 lines, 1 going through the inferior endplate of C2 and the other going through
the inferior end plate of C7 (A). The local Cobb angle (B) is defined by the angle made by 2 lines, 1 line going through the superior end plate of the top vertebral level
and the other going through the inferior end plate of the bottom vertebral level being considered in the anterior cervical decompression and fusion. For both the C2-C7
and the local Cobb angle, lordotic angles are considered to be positive. The sagittal vertical axis (C) is the length of a perpendicular line drawn between a line drawn
vertically down from the center of the dens and a line drawn vertically down from the inferior posterior end plate of C7. Vertebral segment height (D) is defined as the
length of a line between the superior posterior end plate of the superior vertebrae and the inferior posterior end plate of the inferior vertebrae being considered. The
C2-C7 cervical height (E) is the length of a line drawn between the inferior posterior end plate of C2 to the inferior posterior end plate of C7.

vs 46.1% female), or numbers of levels fused (2.71  patterns in surgical techniques or surgeon distribu-
vs 2.31) between the palsy and nonpalsy groups. A tion between the 2 groups. Details outlining surgical
full listing of patient demographics can be found in  technique and surgeon distribution can be found in
Tables 1 and 2. We did not observe any significant  Appendix Table A.

Table 1. Demographics of the 7 C5 palsy patients in this cohort. If available from the database, the duration the patients had been experiencing symptoms as well
their diagnosis prior to anterior cervical decompression and fusion (ACDF) surgery are included in the table. A full recovery is defined as return of both deltoid and
biceps brachii function to full preoperative values. Partial recoveries are defined as improvements in motor strength from the onset of C5 palsy to levels that are less
than preoperative values. No recovery should be interpreted to mean that there was no improvement in either biceps brachii or deltoid motor strength after palsy onset.

CS5 Palsy Patients (n = 7)

Duration of

ACDF Symptoms Prior Recovery After Latest
Age Sex Levels to ACDF, mo Diagnosis Prior to ACDF C5 Palsy Follow-Up, mo
61 M C4-C7 12 Cervical spondylosis with myelopathy No 25
73 M C4-C7 5 Cervical spondylosis with cervical stenosis Full 32
41 M C4-Co 24 Cervical radiculopathy with right upper extremity weakness No 23
67 M C3-C5 Unknown Cervical radiculopathy with cervical stenosis Partial 1
66 F C4-C5 12 Cervical radiculopathy Full 24
80 M C4-C7 24 Cervical spondylosis with myelopathy Full 2
47 F C4-C7 2 Cervical radiculopathy Partial 35
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Table 2. Comparison of general demographics and number of levels fused
between the C5 palsy and nonpalsy groups.

Parameter CS5 Palsy Nonpalsy
Sample size 7 115
Mean age, y 62.1 59.6
Male, n (%) 5(71.4) 62 (53.9)
Female, n (%) 2 (28.6) 53 (46.1)
No. of levels fused, mean 2.71 2.31

Radiographic Measurements

Among all the radiographic parameters evaluat-
ed, there were no statistically significant differences
between the groups (P > .05) (Table 3). None of the
measurements obtained had any predictive value for
the development of C5 nerve palsy, although there
was a trend toward higher postoperative SVA in the
C5 palsy group (33.94 vs 41.40 mm, P=.075) (Table
3).

Postoperative Radiographic Analysis

No statistically significant differences on postop-
erative follow-up were observed between the palsy
and nonpalsy groups (Table 4). However, there was
a trend toward increasing kyphosis within the palsy
cohort compared to the nonpalsy cohort among the
changes in C2-C7 Cobb angle (4.09° of kyphosis vs
1.25° lordosis, P =.19) and local Cobb angle (3.04°
kyphosis vs 2.91° lordosis, P=.059) (Table 4). There
were no significant differences between vertebral
segment height (3.37 vs 0.90 mm), overall cervical
C2—C7 height (4.26 vs 1.56 mm), and SVA (8.46 vs
5.31 mm) for the palsy versus nonpalsy groups,
respectively (Table 4).

DISCUSSION

In this multisurgeon, single-institution retrospec-
tive review, no statistically significant demographic
or radiographic parameters were identified that were
predictive of C5 palsy development. The small size
of the C5 palsy group (7 patients) made establishing

radiographic and demographic risk factors prob-
lematic. Although a trend for decreased local Cobb
angle (P=.059) and increased postoperative SVA (P
= .075) exists, we found that it did not reach
statistical significance.

ACDF surgery has become the mainstay of
treatment for many cervical degenerative diseas-
es. 238 Despite being relatively safe and producing
a generally favorable outcome, C5 palsy is still a
relatively common complication of cervical decom-
pression surgery.' * Considerable literature exists on
C5 palsy risk factors for posterior-based cervical
decompression, and many risk factors have been
identified.® By comparison, there is scant literature
on predictive factors for the development of C5
palsy in ACDF surgery.>® This is problematic
because ACDF surgery is a more common surgical
procedure than posterior-based approaches,” and
postoperative complications are less common fol-
lowing ACDF surgery."*®7 It is important that the
predictive risk factors for C5 palsy following ACDF
surgery be more closely studied in the future,
especially in light of the common application of
anterior-based cervical decompression techniques.

The risk factors for C5 palsy following posterior-
based surgical approaches may be different than
those following anterior-based approaches because
the postoperative changes in the vertebrae and
spinal cord are not comparable.”*>® For example,
although the spinal cord shifts posteriorly postop-
eratively in posterior-based procedures (and in-
creased posterior shift of the spinal cord is a
known risk factor for C5 palsy), the spinal cord
has been shown to generally shift anteriorly
following ACDF surgery.>®

Although the existing literature for C5 palsy risk
factors is considerably less robust for ACDF
surgery, a few significant findings have been
elucidated.>*>*!! Several groups have shown that
smaller C4-C5 intervertebral foramen diameter is

Table 3. Comparison of radiographic parameters measured preoperatively and postoperatively. Data are represented as the mean (95% confidence interval [CI]).

Parameter CS5 Palsy (95% CI) Nonpalsy (95% CI) P Value
Pre C2-C7 Cobb angle, ° 8.70 (—2.92-20.32) 7.67 (4.82-10.51) 0.81
Post C2-C7 Cobb angle, ° 4.61(—10.60-19.83) 8.99 (6.71-11.27) 0.27
Pre local Cobb angle, ° 5.01(=3.14-13.17) 2.72 (0.59-4.85) 0.48
Post local Cobb angle, ° 1.97 (—4.39-8.33) 5.68 (4.03-7.34) 0.26
Pre C2-C7 sagittal vertical axis, mm 32.94 (23.86-42.03) 28.33 (25.98-30.68) 0.26
Post C2-C7 sagittal vertical axis, mm 41.40 (30.36-52.45) 33.94 (31.52-36.36) 0.075
Pre vertebral segment height, mm 62.87 (46.02-79.72) 65.91 (62.37-69.46) 0.95
Post vertebral segment height, mm 66.24 (50.22-82.27) 67.40 (63.71-71.08) 0.83
Pre cervical height, mm 94.81 (85.42-104.21) 98.29 (96.47-100.10) 0.56
Post cervical height, mm 99.07 (90.80-107.35) 100.73 (98.79-102.68) 0.89
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Table 4. Comparison of changes in radiographic measures preoperatively and postoperatively between the C5 palsy and nonpalsy groups. These changes are

defined by (postoperative value) — (preoperative value).?

Parameter CS Palsy (95% CI) Nonpalsy (95% CI) P Value
Change in C2-C7 Cobb angle, ° —4.09 (—13.55-5.38) 1.25 (—0.46-2.95) 0.19
Change in local Cobb angle, ° —3.04 (-9.24-3.15) 2.91 (1.35-4.47) 0.059
Change in sagittal vertical axis, mm 8.46 (0.81-16.1) 5.31 (3.64-6.99) 0.32
Change in vertebral segment height, mm 3.37 (—1.68-8.42) 0.90 (—0.39-2.18) 0.36
Change in post-cervical height, mm 4.26 (—2.72-11.23) 1.56 (—0.36-3.48) 0.55

“CI, confidence interval.

associated with increased C5 palsy risk following
ACDF surgery.>’ Increases in postoperative cervi-
cal lordosis (using measures analogous to global and
local Cobb angle) are also associated with higher
risk of C5 palsy.>® Although the purpose of ACDF
surgery is to provide decompression of the spinal
cord and nerve roots, larger (>15 mm) posterior
decompression troughs, as well as asymmetric
decompression width postoperatively (between the
left and right side of the vertebrae), have been
reported as risk factors for the development of C5
palsy.> In 1 study, patients who developed C5
palsy had less anterior shift of the spinal cord
postoperatively than the nonpalsy group.” Finally,
although we found no statistical differences in our
ACDF surgery patient data set, increased vertebral
segment height postoperatively has been found to be
a risk factor for the development of C5 palsy.”
The etiology of C5 nerve palsy following ACDF
is poorly understood, and there are many prevalent
theories in the field."**° Studies using cadavers have
shown that the ventral rootlets of the C5 nerve are
shorter and exit the intervertebral foramen at a
more obtuse angle, potentially making the C5 nerve
roots particularly susceptible to iatrogenic inju-
ry.”'?71% One theory suggests that it is direct injury
from the surgical instruments that lead to palsy
development.>*!> However, in spite of technical

Appendix A. Details of anterior cervical decompression and fusion surgery
and surgeon distribution between the C5 palsy and nonpalsy groups.

Parameter CS Palsy Nonpalsy
Removal of posterior longitudinal ligament 5 77
Foraminotomy performed 4 94
Curet used for foraminotomy 0 1
Kerrison used for foraminotomy 3 77
Casper distraction pins used 4 76
Surgeon 1 1 11
Surgeon 2 2 24
Surgeon 3 1 17
Surgeon 4 2 13
Surgeon 5 0 8
Surgeon 6 0 16
Surgeon 7 0 21
Surgeon 8§ 1 5

advances in surgical technique, the rates of postop-
erative C5 palsy have not significantly changed in
ACDF and posterior-based surgical procedures.”'?
Additionally, a few groups have theorized that acute
decompression results in spinal cord lesions that
ultimately lead to the C5 palsy.'®?° Whatever the
causative factors are, given the lack of clear
predictive risk factors, the etiology of C5 palsy
following ACDF surgery is likely multifactorial.

There is currently no standard treatment for C5
palsy, although C5 palsy most often resolves on its
own spontaneously.®!*!? While the long-term out-
come is generally favorable, the short-term disabil-
ity from the loss of upper limb functionality is often
debilitating.?' If patients do seek treatment, physical
therapy, pain management, and other conservative
methods are most commonly used.'?

It is worth mentioning that all the literature we
could identify that studied predictive factors for C5
palsy development following ACDF surgery includ-
ed patients who underwent corpectomy. This is
important because surgical decompressive proce-
dures that incorporate corpectomy and/or that are
posterior based are known to be associated with
higher risk of C5 palsy development.>*!'” Since
corpectomy and posterior-based surgeries were part
of our exclusion criteria, the existing literature on
ACDF surgery uses patient data sets that are not
necessarily analogous to our data set.

Potential limitations of this study include the
small size of the C5 palsy group (7 patients), which
increases the likelihood of false-negative findings.
Additionally, this was a retrospective analysis, so we
were limited by the demographic and radiographic
data we could access. Eighty-four patients in our
data set were excluded from formal analysis because
radiographic data could not be obtained. Finally,
since the C5 palsy group is defined as a decline in
function of deltoid and/or biceps brachii function,
we were inherently limited by surgeon sensitivity to
detect these deficits during postoperative follow-up.
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CONCLUSIONS

In this single-institution series, we identified a
5.7% postoperative C5 palsy rate following ACDF
surgery. Although some have suggested that certain
radiographic parameters can predict the develop-
ment of C5 palsy, in our series, we could not identify
any radiographic parameters that were associated
with increased risk, including changes in overall
cervical or local cervical alignment.
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