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Object. Reversal of the normal cervical spine curvature, as seen in cervical kyphosis, can lead to mechanical

pain, neurological dysfunction, and functional disabilities. Surgical intervention is warranted in patients with suffi-
ciently symptomatic deformities in an attempt to correct the deformed cervical spine. In theory, improved outcomes
should accompany a greater degree of correction toward lordosis, although there are few data available to test this
relationship. The purpose of this study is to determine if the degree of deformity correction correlates with improve-
ment in neurological symptoms following surgery for cervical kyphotic deformity.

Methods. A retrospective review of 36 patients with myelopathic symptoms who underwent cervical deformity
correction surgery between 2001 and 2009 was performed. Preoperative and postoperative radiographic findings
related to the degree of kyphosis were collected and compared with functional outcome measures. The minimum
follow-up time was 2 years.

Results. A significant relationship was observed between a greater degree of focal kyphosis correction and im-
proved neurological outcomes according to the modified Japanese Orthopaedic Association (mJOA) score (r = —-0.46,
p = 0.032). For patients with severe neurological symptoms (mJOA score < 12) a trend toward improved outcomes
with greater global kyphosis correction was observed (r = -0.56, p = 0.057). Patients with an mJOA score less than 16
who attained lordosis postoperatively had a significantly greater improvement in total mJOA score than patients who
maintained a kyphotic position (achieved lordosis: 2.7 + 2.0 vs maintained kyphosis: 1.1 = 2.1, p = 0.044).

Conclusions. The authors’ results suggest that the degree of correction of focal kyphosis deformity correlates
with improved neurological outcomes. The authors also saw a positive relationship between attainment of global
lordosis and improved mJOA scores. With consideration for the risks involved in correction surgery, this information

can be used to help guide surgical strategy decision making.
(http://thejns.org/doi/abs/10.3171/2013.2.SPINE12525)
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critical to maintaining sagittal alignment and spinal
balance.*!”'® The reversal of normal cervical cur-
vature, as seen in kyphosis, can occur through a variety of
mechanisms and can lead to mechanical pain, neurologi-
cal dysfunction, and functional disabilities.!>*!1'> When
patients present with sufficient symptomatic deformity,
surgical intervention may be warranted.
It is believed that the neurological symptoms seen in
cervical kyphosis are a result of deformity-induced ana-
tomical changes that apply pressure to the spinal cord and

THE normal lordotic curvature of the cervical spine is

Abbreviations used in this paper: FCA = focal Cobb angle; GCA
= global Cobb angle; mJOA = modified Japanese Orthopaedic Asso-
ciation.
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cervical deformity ¢  kyphosis °

correction

nerve roots.**!13 Narrowing of the neuroforamen caused
by disc degeneration may result in radiculopathy, while
stretching or impingement of the spinal cord, often at the
apex of the deformity, can lead to myelopathic symptom:s.
While not all patients with cervical kyphosis present with
neurological symptoms, those who do should be carefully
monitored. As the kyphosis progresses, spinal cord and
nerve root stresses often increase, leading to further neu-
rological debilitation.®!* Despite this observed trend, it
is worth noting that a patient’s myelopathy may progress
even when the kyphosis does not.">10

This article contains some figures that are displayed in color
online but in black-and-white in the print edition.
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Because of the stresses induced by cervical kypho-
sis, a number of authors have hypothesized reasons for
progressive myelopathy with worsening kyphotic posture,
although there is little evidence in the literature to test
this.0192024 Many have theorized that the tension cre-
ated from kyphotic deformity on the ventral aspect of the
cord results in compression on the regional blood supply
and nerves."!" The importance of this topic is applicable
to deformity correction surgery. Surgeons must balance
the risks of attaining increased deformity correction
through more invasive surgical techniques, with the con-
ceived benefits of greater deformity correction. In theory,
improved outcomes should correlate with the degree of
deformity correction, although, once again, the literature
to support this is sparse and conflicting.!!:15162224 While
many surgeons believe, at least in theory, that complete
correction of a kyphotic spine is best, some authors argue
that greater improvements are seen with smaller modifi-
cations in sagittal alignment.!! The purpose of this study
was to determine if the degree of deformity correction
correlates with improvement in neurological symptoms
following surgery for cervical kyphotic deformity.

Methods

A single-institution review of patients who under-
went cervical deformity surgery for cervical kyphosis
between 2000 and 2009 was performed. Approval from
the Cleveland Clinic Institutional Review Board was ob-
tained for this study. Of 90 patients with a corresponding
ICD-9 code for cervical deformity regardless of medical
comorbidity, a total of 36 patients were included in our
study. Patients without myelopathic functional deficits
related to neurological sequelae (mJOA score > 15) and
with less than 2 years of clinical follow-up were excluded
from this study. The mean duration of follow-up for the
36 patients was 33 months (range 24-90 months).

We collected information on patient demograph-
ics (Table 1), preoperative and postoperative neurologi-
cal symptoms, and degree of kyphosis. The severity of
neurological symptoms was measured using the mJOA
scale.'* While not a direct measurement of neurological

TABLE 1: Patient demographics

Variable Value
total no. of patients 36
male 22 (61%)
female 14 (39%)
mean age 56.1
mean body mass index 28.9
no. of patients w/ global kyphotic deformity 34
no. of patients w/ focal kyphotic deformity 22
no. of patients w/ previous cervical spine surgery 18 (50%)
surgical approach
dorsal 13/36 (34%)
ventral 3/36 (8%)
combined 20/36 (55%)
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status, the mJOA score is a widely used functional grad-
ing system developed to reflect the severity of neurologi-
cal involvement in cervical pathology.”?* The parameters
used to assess kyphosis correction were the GCA and the
FCA (Figs. 1 and 2). For both parameters, a positive value
correlates to kyphosis, and a negative value correlates to
lordosis. Preoperative angles were measured on images
obtained within 1 month prior to surgery, and postopera-
tive angles were measured using images obtained at least
24 months after surgery. The degree of correction was
determined by calculating the difference between the
postoperative angle and the preoperative angle. Angles
were measured using digital radiographs and PAX work-
stations by the primary author (M.J.G.).

Based on these radiographic measurements, 34 pa-
tients were determined to have global cervical kyphotic
deformity, and 22 had focal kyphotic deformity. Global
cervical kyphosis was defined as a GCA greater than 0°.
Similarly, focal cervical kyphosis was defined by an FCA
greater than 0° and an area of the cervical spine (2—4
levels) in which the majority of the deformity was more
pronounced. Two patients had focal kyphosis but an over-
all lordotic cervical spine, and 20 patients had both global
and focal kyphosis.

Fic. 1. The GCA is determined by measuring the angle between
the inferior aspect of the vertebral levels C-2 and C-7. The FCA is de-
termined using the same method, but the vertebral levels used corre-
sponded to the levels of greatest deformity. Reprinted with permission,
Cleveland Clinic Center for Medical Art & Photography © 2011-2012.
All rights reserved.
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Fie. 2. The chin-brow angle measures the angle between the verti-
cal axis of an upright patient and a line drawn from the chin to the brow.
Reprinted with permission, Cleveland Clinic Center for Medical Art &
Photography © 2011-2012. All rights reserved.

Surgical Techniques

Surgery was either performed completely ventrally or
dorsally or via a combined dorsal and ventral approach.
The separate approaches and techniques, which were
similar for all cases, will be briefly reviewed. Complete
details may be obtained via prior publications.?*?> The
majority of patients (20 [55%] of 36) underwent a com-
bined approach, and the remaining patients underwent
a dorsal approach alone (13 [37%] of 36) or ventral ap-
proach alone (3 [8%] of 36) (Table 1). For all procedures,
intraoperative multimodal monitoring was used (somato-
sensory evoked potential monitoring, electromyography,
and free-running electromyography).

Ventral Approach

The ventral approach was used for decompression
and correction when the deformity was fixed but the pos-
terior elements were not fused (ankylosed). This approach
was also used as part of a combined approach when a
rigid deformity requiring ventral and dorsal release was
present. The patient was positioned supine. The head was
placed on a doughnut or blankets to keep the neck neu-
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tral (kyphotic position) with care not to extend the neck
until ventral decompression and/or osteotomies were per-
formed. Gardner-Wells tongs were placed slightly ventral
to their typical location, and initial light pressure was ap-
plied (approximately 5 Ibs). A standard approach to the
spine was performed as required for decompression and
release.

For decompression/release in the ventral approach,
we used corpectomy(ies) with or without discectomies.
This permits decompression/release while retaining in-
termediate points of hardware fixation. After decompres-
sion/release, many techniques are used to gain correction
of the deformity. First, Caspar posts may be placed in a
convergent fashion, and distraction placed across these
posts affords segmental lordosis. This may be done at
multiple levels to gain overall lordosis. Lordotic inter-
body grafts may be placed to maintain segmental lor-
dosis. Moreover, following release, the doughnut and/or
blanket under the patient’s head may be removed; exten-
sion of the head in traction may significantly gain cor-
rection. Lastly, a ventral implant bent into lordosis may
be applied and fixated at its rostral and caudal vertebral
bodies. Screws may then be placed through the implant
and into the intermediate vertebral bodies, and tightening
of these screws brings the “spine to the implant.”

Dorsal Approach

A dorsal approach to cervical deformity was used
only when the deformity was flexible, specifically when
the deformity fully reduces on extension of the cervical
spine or in cranial traction. The patient was typically posi-
tioned prone in a 3-point headholder. A standard midline
subperiosteal approach to the spine was performed. In-
strumentation was placed as appropriate to stabilize and
correct the deformity. Typically the C-2 pedicle, subaxial
lateral mass, and/or upper thoracic pedicle screws were
placed. We performed Ponte-type osteotomies at each
level through the apex of the deformity. In the cervical
spine, these osteotomies consisted of laminectomy and/
or bilateral laminotomy as well as a foraminotomy that
was carried all the way along the foramen. Essentially,
the existing nerve root was completely unroofed through
its foramen. This was performed bilaterally. We placed
an elevator into the osteotomy to ensure complete release
of bone (movement between lateral masses) before mov-
ing on to the next level. With careful management, the
3-point headholder was then released from the operating
table, and the head was manually extended, thus closing
the dorsal osteotomies and kyphosis. Additionally, after
rod placement, compression may be applied across the
osteotomies to complete the close and gain further seg-
mental correction.

Combined Ventral/Dorsal Approach

Commonly, a combined approach is required when
there is a need for both dorsal and ventral decompression
and/or osteotomies for release. Moreover, dorsal instru-
mentation is added if the ventral construct is not believed
to be adequate for stability such as if only a bridging im-
plant is used. The choice of which approach to use first is
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generally surgeon specific. We typically chose a dorsal
approach first followed by ventral release and correction.
The ventral approach provides the greatest degree of le-
verage and overall correction. At times, dorsal instrumen-
tation is present. In these circumstances, a “back, front,
back” approach or a similar variety is undertaken (Fig. 3).

Statistical Tests

Pearson correlation comparisons were run on com-
parisons of change in GCA versus change in mJOA score,
change in FCA versus change in mJOA score, change
in GCA versus change in mJOA score for patients with
mJOA scores lower than 12, and change in FCA versus
change in mJOA score for patients with mJOA scores
lower than 12. Student t-tests were used to compare the
change in mJOA for the attained lordosis group that at-
tained lordosis versus the group that maintained kypho-
sis. A p value < 0.05 was considered significant for all
tests.

Results

Complications

For the 36 patients in this study, there were 11 peri-
operative complications in 9 patients (25%) (Table 2). The
perioperative complications were deep wound infection

Fic. 3. A: Preoperative CT scan obtained in a 72-year-old patient
who developed severe kyphotic deformity focused at C6-7 following a
posterior cervical decompression and fusion. B: The patient under-
went a multistage combined approach. The first stage consisted of a
posterior Smith-Petersen osteotomy, hardware removal, and anterior
release. The use of gravity during bed rest for 3 days was sufficient
to correct the deformity. C and D: Following correction, an anterior
semiconstrained plate was placed, and a posterior exposure was used
to place rods in preexisting screws, and compression placed across the
Smith-Petersen osteotomies.
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(n = 3, 8%), deep vein thrombosis (n = 3, 8%), pneumo-
nia (n = 3, 8%), and postoperative hematoma (n = 2, 6%).
Hardware failure was present in 2 patients (6%, pedicle
screw failure and rod loosening), and pseudarthrosis was
observed in 3 (8%). Six patients (17%) required revision
surgery; 3 of these were required due to infection. The
remaining causes of revision surgery were hardware mal-
position (n = 2) and pseudarthrosis (n = 1). There were no
surgery-related deaths.

Degree of Deformity

The mean preoperative and postoperative GCAs for
patients with global kyphosis were 18.4° = 14.3° of ky-
phosis and 2.8° = 10.2° of lordosis, respectively (Table 3).
The mean change in GCA was 21° = 15.1° toward lordo-
sis. Twenty-one patients (62%) obtained global neutral or
lordotic postures postoperatively.

The mean preoperative and postoperative FCAs for
the focal kyphosis patients were 26.0° = 15.4°) of kypho-
sis and 5.2° + 8.7° of kyphosis, respectively (Table 3). The
mean change in GCA was 21° = 13.3° toward lordosis.

The mean preoperative and postoperative FCAs and
GCAs by approach are reported in Table 3. The anterior,
posterior, and combined approaches had mean changes in
GCA of 17°, 17°, and 23.7° toward lordosis, respectively.
The posterior and combined approaches had mean chang-
es in FCA of 10.8° and 23.6°, respectively.

Neurological Outcomes

All patients in this study had preoperative myelopath-
ic symptoms, and 10 patients (28%) had a concomitant
radiculopathy. The mean preoperative and postoperative
mJOA scores for the entire cohort were 12.3 = 2.0 and
14.3 = 2.5, respectively, indicating that the mean preop-
erative patient score was at the threshold between Grade
1 (minimal, mJOA Score 12-15) and Grade 2 (medium,
mJOA Score 8—11) neurological symptoms (Table 4). The
means for the preoperative and postoperative global ky-
phosis (12.3 = 2.0 and 14.3 = 2.5, respectively) and focal
kyphosis (12.1 = 1.9 and 14.1 = 2.6, respectively) groups
were similar. Patients with a more severe neurological
deficit (mJOA score < 12) saw the greatest improvement
in mJOA score (mean improvement 2.5). Based on expert
opinion, a difference of 2 points is considered clinically
important.’ Overall, 72% (26 of 36 patients) saw improve-
ment in mJOA score, 8% (3 of 36) saw a worsening of
symptoms, and 19% (7 of 36) remained the same.

Degree of Deformity Correction Versus Neurological
Outcomes

A significant relationship was observed between a
greater degree of focal kyphosis correction and improved
neurological outcomes according to the mJOA score (r
= -0.46, p = 0.032) (Fig. 4 upper). This relationship was
not significant when looking at the GCA (r = -0.12,p =
0.50) (Fig. 4 lower). For patients with severe neurological
symptoms (mJOA score < 12), a trend toward improved
outcomes with greater global kyphosis correction was ob-
served (r = -0.56, p = 0.057) (Fig. 5 lower). A significant
correlation for greater focal kyphosis correction and neu-
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TABLE 2: Complications

Variable

Value*

perioperative complications (36 patients)
most common perioperative complications

11 complications in 9 patients (25%)
deep wound infection (n = 3, 8%), deep vein thrombosis (n = 3, 8%), pneumonia

(n =3, 8%), postop hematoma (n = 2, 6%)

long-term complications

postop hardware malposition 2136 (6%)
pseudarthrosis 3/36 (8%)
revision surgery 6/36 (17%)

complications by approach
anterior
posterior
combined

deep vein thrombosis (n
deep vein thrombosis (n

deep wound infection (n
postop hematoma (n

1), pneumonia (n = 1)
1), postop hematoma (n = 1)
3), deep vein thrombosis (n = 1), pneumonia (n = 2),

1)

*

n = number of cases.

rological improvement was observed for this severe group
as well (r =-0.72, p < 0.01) (Fig. 5 upper).

Patients who attained global lordosis postoperative-
ly had a mean improvement in total mJOA score of 2.7.
This was significantly higher compared with patients who
maintained a kyphotic cervical spine (mean improvement
1.1, p = 0.044) (Table 5). Both patient groups had simi-
lar preoperative mJOA scores (a mean of 12.1 for those
achieving lordosis and a mean of 12.8 for those maintain-
ing kyphosis).

Discussion

Kyphosis of the cervical spine can be a debilitating
condition that leads to significant neurological dysfunc-
tion. In cases of progressively symptomatic cervical ky-
photic deformity, deformity correction surgery is an op-
tion. Recent studies have shown the efficacy of surgery
for treating this condition, but many questions remain in
determining the appropriate corrective strategy.®!° In the-
ory, the degree of deformity should correlate with neuro-
logical dysfunction. This would also suggest that greater

TABLE 3: Degree of deformity

deformity correction from surgery can lead to better out-
comes. However, this theory has never been thoroughly
tested. Our study found that the degree of correction of
focal kyphosis deformity correlates with improved neu-
rological outcomes.

While the extent of kyphosis is commonly associ-
ated with progression of neurological symptoms, there is
surprisingly little evidence to support this claim. A com-
monly hypothesized reason for this observation comes
from the notion of a bowstring effect on the spinal cord,
which worsens with increased bending of kyphosis.5913
Based on this theory it is reasonable to assume that a
greater degree of correction may be associated with im-
proved outcomes.

To our knowledge, this is the first study to extensively
examine the relationship between the degree of correction
and neurological outcomes. One study by Ferch and col-
leagues' examined improvement in myelopathic scores
for patients who underwent ventral corrective surgery and
achieved deformity correction, defined as 0°-4° of lordo-
sis. The authors found that patients who achieved both
global and local lordotic posture had a better chance of

Mean + SD*
Type of Deformity & Approach Preop Postop Change From Preop to Postop
GCA
anterior (3 cases) 19.3+15.5 1875 -17.0+£13.2
posterior (12 cases) 15.0 £ 111 -20+3.0 -17.0+8.2
combined (19 cases) 18.4+14.6 -57+11.5 -23.7+16.9
overall (34 cases) 18.4+14.3 -2.8+£10.2 -21+£151
FCA
anterior (0 cases)
posterior (10 cases) 224+11.8 104+838 -10.8+£13.0
combined (12 cases) 253+133 2580 -23.6+12.6
overall (22 cases) 260+154 5287 -21+13.3

* Values are in degrees.
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TABLE 4: Functional scores*
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mJOA Score
Type of Deformity Preop Postop Change
GCA (34 cases) 123+2.0 143+25 20+241
FCA (22 cases) 12119 141+2.6 20+19

* Values are presented as the mean + SD. Overall, 26 (72%) of the 36 patients improved, 7 (19%) remained the same, and 3 (8%)

deteriorated.

improvement in their myelopathic scores compared with
those who did not (p = 0.04). Our study confirmed these
findings in our comparison of change in mJOA scores
for those patients who achieved global lordosis and those
who maintained global kyphosis (p = 0.044). In addition,
we took this a step further to attempt to correlate a range
of correction degrees with improvements in neurological
function. We found that a greater degree of focal kypho-
sis correction was associated with a greater degree of
neurological improvement (p = 0.032), as well as a trend
toward this relationship for global kyphosis correction in
patients with severe neurological symptoms (p = 0.057).
This relationship is important in the context of surgical
management, as it gives the surgeon one more piece of
information to help guide his or her surgical strategy de-
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Fic. 4. Upper: A significant correlation (p < 0.05) was observed be-
tween the degree of focal kyphosis correction achieved and change in
mJOA score. Lower: No correlation between the degree of global
kyphosis correction and change in mJOA score was observed.
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cision making. Although the mean degree of correction
was similar for global kyphosis and focal kyphosis (21°),
we did not find a significant relationship between the de-
gree of correction of global kyphosis and neurological
outcome. This indicates that for global kyphosis in our
patient cohort, improved correction did not necessarily
reflect improved outcomes. This difference between the
impact of global and focal kyphosis correction is unclear.
One possible explanation is that focal kyphosis is a more
direct indicator of spinal cord strain, and, therefore, focal
improvement is a stronger correlate to spinal cord stress
and neurological improvement than global correction.
For patients with severe neurological symptoms
(mJOA score < 12) there was an even more pronounced
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Fic. 5. Upper: A significant correlation (p < 0.05) was observed be-
tween the degree of focal kyphosis correction achieved and change
in mJOA score for patients with more severe neurological symptoms
(mJOA score < 12).  Lower: A nonsignificant trend (p = 0.057) was
observed between the degree of focal kyphosis correction achieved
and change in mJOA score for patients with more severe neurological
symptoms (mJOA score < 12).
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TABLE 5: Lordosis achieved and neurological outcome*

GCA Deformity Change in mJOA
maintained kyphosis (13 cases) 11+241
achieved lordosis (21 cases) 2720
p value 0.044

* Mean values are presented as the mean + SD.

relationship between focal correction and improvement
in mJOA score (r = =0.72, p < 0.01). For this subgroup,
global correction may play an important role as well (r =
—-0.56, p = 0.057). Because of the small sample size for
this analysis (n = 13), further studies investigating this
patient population are warranted.

We would like to stress that the results do not suggest
that greater deformity correction always equates with
better outcomes. The risks associated with achieving cer-
vical spine deformity correction are significant, and they
must be carefully weighed with the benefits of possible
neurological improvement. For example, greater correc-
tion, while perhaps reducing tension from the kyphotic
position, may increase the chance of cord distraction in
the lordotic position causing the cord to be under axial
strain.!! In the study by Ferch et al.,!! the authors reported
that the one patient who achieved the greatest local cor-
rection per level fused also was the only patient whose
myelopathy deteriorated postoperatively. They conclud-
ed that smaller modifications might be most effective
in achieving greater improvement in cord function. Al-
though this may be the case, it is worth noting that none
of our top 5 patients who achieved the greatest degrees of
postoperative focal or global lordosis (up to 18°) saw de-
terioration in neurological symptoms. Nevertheless, it is
clear that the risks and benefits must be carefully assessed
on an individual patient basis.

As mentioned, our study was limited by the fact that
we did not attempt to determine this range of ideal cor-
rection, given that too much correction may be detrimen-
tal. In addition, this study carries the weaknesses of a
retrospective study utilizing a heterogeneous population.
It is possible that patients who achieved less deformity
correction had more comorbidities or had other differ-
ences that could have affected neurological outcomes.
Given these limitations, the results from this study should
only be used in context with the other factors in cervical
deformity correction surgery.

Conclusions

In patients with focal kyphosis, a greater degree of
correction may assist in achieving greater neurological
improvements. In addition, in correction surgery for cer-
vical kyphotic deformity, better outcomes were reported
in patients who achieved lordosis than in those who main-
tained kyphosis. With consideration for the risks involved
in correction surgery, this information can be used to help
guide surgical strategy decision making.
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