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Objective: To determine whether double transverse incisions could provide superior cosmet-
ic and functional outcomes, including rates of dysphagia and dysphonia, compared with
longitudinal incisions in patients undergoing anterior cervical spine surgery (ACSS) involv-
ing >3 levels.

Methods: A total of 62 consecutive patients who underwent ACSS involving > 3 levels were
included in this study. They consist of 33 with longitudinal incisions (L group) and 29 with
double transverse incisions (DT group). We recorded functional outcome measures includ-
ing the Bazaz score for postoperative dysphagia and the Voice Handicap Index-10 (VHI-10)
for postoperative dysphonia. The Vancouver Scar Scale (VSS) and the patient and observer
scar assessment scale (POSAS) were used to evaluate postoperative skin scarring.

Results: Cosmetic results, as assessed using the VSS and POSAS, were significantly better
in the DT than in the L group at most follow-up time points (p < 0.01 each). Dysphagia rates
were significantly lower in the DT group than in the L group during the late postoperative
period from 6 months until final 2 years of follow-up (p < 0.01 each). There were no signifi-
cant different results between the 2 groups in terms of dysphonia.

Conclusion: A double transverse incision can be a feasible option when performing ACSS
involving > 3 levels, providing better cosmesis and lower rates of persistent dysphagia than
with a longitudinal incision.

Keywords: Anterior cervical spine surgery, Double transverse incision, Dysphagia, Dys-
phonia, Skin scarring

be related to the type of incision. Previous studies evaluating
rates of dysphagia and dysphonia after ACSS have been limited

Although the Smith-Robinson approach using a single trans-
verse incision is the most widely applied approach for anterior
cervical spine surgery (ACSS), operations involving >3 levels
often require longitudinal incisions for better exposure."* How-
ever, longitudinal incisions with long segments of ACSS may
result in higher rates of postoperative complications,”® includ-
ing dysphagia’ and dysphonia,® with unsatisfied wound prob-
lems. Higher rates of complications with multilevel ACSS might
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by the lack of validated, quantitative outcomes. Therefore, it is
necessary to evaluate functional outcomes as a validated value.
Postoperative scarring can directly affect patient satisfaction
because ACSS is the surgery in spine practice for which the
wound cannot be concealed by clothing or hair. Longitudinal
incisions are perpendicular to the minimal skin tension line,
creating more tension than transverse incisions and possibly
leading to inferior cosmetic results.” Moreover, to our knowl-
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edge, no study has compared the cosmetic results among differ-
ent incisions in multilevel ACSS involving > 3 levels.

The purpose of this study was to determine whether double
transverse incisions could provide superior cosmetic and func-
tional outcomes, including rates of dysphagia and dysphonia,
when compared with longitudinal incisions in patients under-
going ACSS involving > 3 levels.

MATERIALS AND METHODS

1. Inclusion Criteria

This study enrolled 62 consecutive patients who underwent
ACSS involving >3 levels between March 2013 and February
2019. The study was approved by the institutional review board
of our institution. The indications of surgery were cervical spon-
dylosis with or without disc herniation with refractory radicu-
lopathy or progressive myelopathy. Patients were excluded if
they had (1) prior anterior cervical surgery; (2) congenital CNS
disease; (3) conditions other than degenerative disease, such as
trauma, infection, or tumor; or (4) a single transverse incision
using the Smith-Robinson approach.

2. Surgical Procedures

All surgical procedures were performed by a single orthope-
dic spine surgeon, and all patients were followed up for a mini-
mum of 24 months. Two types of surgery, anterior cervical dis-
cectomy and fusion (ACDF) and vertebral body sliding osteot-
omy (VBSO), were performed. VBSO is a surgical technique
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reported as a substitute for corpectomy.’® In VBSO, the verte-
bral body is translated anteriorly to widen the spinal canal, min-
imizing the need for direct removal of the pathology such as
ossified mass and bony spurs.'""* For double transverse inci-
sion, 2 transverse incisions were made parallel to Langer’s skin
line, with the bridge of the minimum 3-cm flap secured between
the 2 incisions (Fig. 1). To secure all cervical levels from C2 to
T1, the upper incision was made at the C3-4 level and the low-
er incision at the C6-7 level. Platysma cutting is made parallel
to the incision line in the L group, and slightly transverse in the
DT group. An anterior cervical plate could be inserted into one
incision, and screws could be inserted through both the upper

and lower incisions (Fig. 2).

3. Clinical Evaluation

Patients” demographic characteristics, including gender, age,
and comorbidities, such as diabetes and hypertension, as well
as surgical characteristics, including type of incision, type of
surgery, level of surgery, lower level of surgery (C6, C7, T1), up-
per level of surgery (C3, C4), duration of surgery, and estimated
blood loss, were obtained from electronic medical records. Re-
corded postoperative adverse events included dural tear, infec-
tion, pseudarthrosis, and skin problems.

Swallowing difficulty was assessed by contrast esophagogra-
phy on postoperative day 3. Abnormal findings, including aspi-
ration, stricture, achalasia, and spasm, were recorded. If neces-
sary, rehabilitation and Otorhinolaryngology doctors were con-
sulted to evaluate and manage dysphagia and dysphonia. A vid-
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Fig. 1. Incision lines for anterior cervical spine surgery. (A) Longitudinal incision. (B) Double transverse incision.
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Fig. 2. Intraoperative (A) and immediate postoperative (B) medical photos of a double transverse incision, showing a 3-cm

bridge flap between the 2 incisions.

eo fluoroscopic swallowing study (VESS) was performed if eso-
phagography showed abnormal results or if dysphagia persist-
ed, with abnormal VESS results recorded using the penetration
aspiration scale (PAS).

4. Functional and Cosmetic Outcome Measures

Dysphagia and dysphonia were assessed using patient-report-
ed outcome measures at 1, 3, 6, 12, and 24 months postopera-
tively. Postoperative dysphagia was determined according to
the Bazaz classification, and postoperative dysphonia according
to the Voice Handicap Index-10 (VHI-10). The Bazaz score grad-
ed dysphagia as none, mild, moderate, and severe.*'* None in-
dicated that the patient experienced no episodes of swallowing
difficulty with either liquids or solids. Mild indicated no diffi-
culty in swallowing liquids and only some difficulty with solids.
Moderate indicated no (or rare) difficulty in swallowing liquids
and occasional difficulty with specific solids. Severe indicated
no (or rare) difficulty in swallowing liquids and frequent diffi-
culty with most solids. The VHI-10 is a shortened, 10-item ver-
sion of the VHI, with the 2 showing a high degree of correlation
(r>0.90, p=0.01).">' The VHI-10 contains 10 questions that
subjectively assess dysphonia (Table 1). Scores on the VHI-10
ranged from 0 to 40.""7

Skin scarring was evaluated at 3, 6, 12, and 24 months post-
operatively. Medical photographs were taken of each patients
skin scar at each postoperative visit. Cosmetic results were eval-
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uated using the Vancouver Scar Scale (VSS) and the patient and
observer scar assessment scale (POSAS).!®" The VSS rated scars
according to 4 parameters: vascularity, pigmentation, pliability,
and height. Each parameter contained ranked subscales, with
total scores ranging from 0 to 13. Patients and observers rated
scars on the POSAS blindly on the same day. The observer
component of the POSAS consisted of 6 parameters: vasculari-
ty, pigmentation, thickness, relief, pliability, and surface area,
with each parameter consisting of several categories. The pa-
tient component of the POSAS also consisted of 6 parameters:
pain, itchiness, color, stiffness, thickness, and irregularity. Each
parameter was rated on a 10-point scale, with 1 representing
near-normal skin and 10 representing the worst scar imagin-
able. Patients with unsatisfactory cosmetic results after ACSS
were referred to a plastic surgeon for scar revision.

5. Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics
ver. 21.0 (IBM Co., Armonk, NY, USA). Time-dependent data
were analyzed by repeated-measures analysis of variance, fol-
lowed by post hoc comparisons of patients with longitudinal (L
group) and double transverse (DT group) incisions. Bonferroni
adjustments, including all pairwise comparisons within a spe-
cific model, were applied to p-values to account for multiple
testing. Post hoc comparisons were performed between the
main effects of all pairs of time points. The multiple imputa-
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Table 1. VHI-10 questionnaire

VHI-10 questionnaire

Score

1. My voice makes it difficult for people to hear me.
2. Irun out of air when I talk.
3. People have difficulty understanding me in a noisy room.

4. The sound of my voice varies throughout the day.

5. My family has difficulty hearing me when I call them throughout the house.

6.1 use the phone less often than I would like to.

7.I'm tense when talking to others because of my voice.
8.1 tend to avoid groups of people because of my voice.
9. People seem irritated with my voice.

10. People ask, "What's wrong with your voice?"

© © o o © © © © © o
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VHI-10, Voice Handicap Index-10; 0, never; 1, almost never; 2, sometimes; 3, almost always; 4, always.

Table 2. Demographic and clinical characteristics of study pa-
tients

Characteristic Incision type p-value
L(n=33) DT (n=29)
Sex, male:female 21:12 16:13 0.49
Age (yr) 5914133 6274116 041
DM 9(27.2) 6(20.7) 0.54
HTN 10 (30.3) 6(20.7) 0.38
No. of involved levels 0.07
3 21 12
4 12 16
5 - 1
Upper cervical level 0.01*
C3 18 24
C4 15 5
Lower cervical level 0.78
Cé6 7 7
C7 25 21
T1 1 1
Operation 0.07
ACDF 12 18
VBSO 20 11
ACDF+VBSO 1 -

209.5£27.7 222.6+35.4 0.74
142.7+106.5 150.3+114.2 0.91

Duration of surgery (min)
EBL (mL)

Values are presented as number, mean + standard deviation, or num-
ber (%).

L, longitudinal; DT, double transverse; DM, diabetes mellitus; HTN,
hypertension; ACDE anterior cervical discectomy and fusion; VBSO,
vertebral body sliding osteotomy; EBL, estimated blood loss.

*p <0.05, statistical significance.

https://doi.org/10.14245/ns.2143260.630

tions method with regression model was used for missing data.
Statistical significance was set at p <0.05.

RESULTS

Sixty-two patients were evaluated in the present study, includ-
ing 33 with longitudinal incisions (L group) and 29 with double
transverse incisions (DT group). All patients were followed for
> 24 months, with mean follow-up of patients in the L and DT
groups being 38.3 + 16.40 and 37.7 + 13.79 months, respectively,
during which their functional and cosmetic outcomes were
evaluated. The demographic characteristics, medical comor-
bidities, and surgical variables of the 2 groups are presented in
Table 2. These 2 groups differed significantly in upper cervical
level (p=0.01). Of these 62 patients, 30 underwent ACDE, 31
underwent VBSO, and 1 underwent VBSO with ACDE Barium
esophagography on postoperative day 3 showed aspiration in 5
of 33 patients in the L group, with VFSS in 3 of these 5 patients

Table 3. Frequency of adverse events

Adverse events L(n=33) DT (n=29) p-value
Abnormal esophagogram 5(15.2) 2(6.9) 0.351
Scar revision 3(9.1) 0(0) 0.09
Skin tenting sign 7(21.2) 0(0) <0.01*
Skin necrosis 0(0) 0(0) -
Infection 0(0) 0(0) -
Dural tear 1(3) 0(0) 0.34
Pseudarthrosis 6(18.2) 4(13.8) 0.577

Values are presented as number (%).
L, longitudinal; DT, double transverse.
*p <0.05, statistical significance.
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Fig. 3. Functional results of dysphagia and dysphonia and cosmetic outcomes after anterior cervical spine surgery using patient-
reported outcome. Bazaz scores (A), VHI-10 scores (B), Vancouver Scar Scale (VSS) (C), and patient and observer scar assess-
ment scale (POSAS) (D). ACSS, anterior cervical spine surgery; VHI-10, Voice Handicap Index-10. L, longitudinal; DT, double
transverse; POD, postoperative day. *Statistically significant difference at each time point (p <0.01).

showing PAS scores of 6, and only 1 confirmed as having vocal
cord palsy. Barium esophagography showed aspiration in 2 of
the 29 patients in the DT group, with 1 patient having a PAS
score of 6 and none being diagnosed with vocal cord palsy. Rates
of complications, including dural tears, infections, and pseud-
arthrosis, did not differ between the 2 groups (Table 3).
Dysphagia was assessed using the Bazaz score, and significant-
ly improved over time in both the DT and L groups (p<0.01
each). The Bazaz scores were significantly lower in the DT than
in the L group at 6, 12, and 24 months postoperatively (p < 0.01
each). However, the differences were insignificant at 1 and 3
months (Fig. 3A, Table 4). Dysphonia assessed using the VHI-
10 also improved significantly over time in the DT (p<0.01)
and L (p<0.01) groups, but the difference between the groups
was not statistically significant (Fig. 3B, Table 4). Cosmetic re-
sults, as assessed using the VSS, showed that cosmesis was sig-

416 Wwww.e-neurospine.org

nificantly better in the DT than in the L group at all follow-up
time points (p<0.01 each). Similarly, cosmetic results assessed
using the POSAS showed significantly superior results in the
DT compared with the L group at all time points except at 24
months (p <0.01 for 3, 6, and 12 months) (Fig. 3C, D; Table 4).
In addition, 7 patients in the L group (21.2%) showed severe
longitudinal skin tenting along the scar, whereas none of the
patients in the DT group showed a tenting sign along the scar
(Table 3, Fig. 4). Moreover, patients with tenting scars complained
of restricted neck extension motion. Three patients in the L group
(9.1%) needed scar revision due to unsatisfactory cosmetic re-
sults after ACSS. There was no skin necrosis in DT group. Al-
though we did not separately investigate the sensory change of
the flap area, no patient complained of numbness when the
medical chart was reviewed.

https://doi.org/10.14245/1s.2143260.630
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Table 4. Patient-reported outcomes

Variable Incision type p-value
L (n=33) DT (n=29)
Bazaz scores
POD 1 month 1.41+0.83 1.27+0.87 0.575
POD 3 months 1.13+0.80 1.09+0.84 0.939
POD 6 months 0.96+0.69 0.72+0.87 0.018*
POD 12 months 0.75+0.50 0.47 £0.60 0.007*
POD 24 months 0.69+0.50 0.39+0.63 0.005*
VHI-10 scores
POD 1 month 16.02+9.32 17.61+10.43 0.615
POD 3 months 13.42+9.00 17.05+11.27 0.265
POD 6 months 11.52+9.05 13.57+10.97 0.521
POD 12 months 9.59+8.57 12.75+10.23 0.295
POD 24 months 8.86£7.50 11.46+9.52 0.339
VSS
POD 3 months 7.20+2.64 444+1.94 <0.0001*
POD 6 months 6.45+2.92 3.82+3.11 <0.0001*
POD 12 months 4.96+2.71 2.74+2.81 <0.0001*
POD 24 months 4.73+2.77 3.67+2.88 0.009*
POSAS
POD 3 months 18.17+7.10 13.52+4.34 <0.0001*
POD 6 months 18.81+8.11 12.94+5.27 <0.0001*
POD 12 months 14.74+6.85 10.40+3.92 <0.0001*
POD 24 months 12.88+6.89 11.72+7.01 0.247

Values are presented as mean + standard deviation.

L, longitudinal; DT, double transverse; POD, postoperative day;
VHI-10, Voice Handicap Index-10; VSS, Vancouver Scar Scale; PO-
SAS, Patient and Observer Scar Assessment Scale.

*p<0.05, statistical significance.

DISCUSSION

This study demonstrated that DT incision was better than lon-
gitudinal incision for ACSS of more than 3 levels in terms of dys-
phagia and cosmetic results. Proper incisions for multilevel ACSS
are crucial for appropriate exposure and better functional and
cosmetic outcomes. For long segments ACSS, the surgeon might
choose between longitudinal and double transverse incisions.

As more patients return to the workforce and social activities
after ACSS, cosmetic results may affect their quality of life.**
Inferior skin scarring at the anterior neck negatively affects self-
esteem and can lead to anxiety and depression.”> However, few
studies to date have assessed cosmetic outcomes after ACSS. To
our knowledge, this is the first study to compare cosmetic re-
sults of double transverse incisions with longitudinal incisions

https://doi.org/10.14245/ns.2143260.630

Fig. 4. Skin scarring 24 months after anterior cervical spine
surgery using a longitudinal incision (A) and a double trans-
verse incision (B).

for multilevel ACSS (=3 levels). The VSS was the first validated
and remained one of the most widely used scar scales.'®"” The
POSAS is a reliable and validated scar assessment scale and in-
cludes subjective evaluations by patients.'*** The VSS may be
susceptible to observer bias, underestimating skin scarring after
surgery. In addition to surgeons bias, patients may be subject to
a social desirability bias, as they may not want to disappoint the
surgeon.” To control for these biases, skin scarring after multi-
level ACSS was evaluated by the VSS and POSAS in this study.
On both scales, the DT group showed better results than the L
group. The lack of significant difference between the 2 groups
on the POSAS only at 24 months may be due to improvements
in patient opinions of their scars.** These cosmetic results agree
with previous studies of postoperative linear scars. In a double
transverse incision, the skin is incised parallel to the tension
line, minimizing wound contraction and providing better cos-
metic outcomes than longitudinal incisions.” The skin is maxi-
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mally extensible perpendicular to the tension line, minimizing
tension when incisions are made along the tension line.” Paral-
lel cutting to the platysma muscle fiber has superior cosmetic
results with lower rates of puckering.”® Beyond scoring results,
most patients in the DT group were satisfied with their cosmet-
ic results. On the other hand, complications including wound
revision surgery and restricted motion of neck extension in L
group decreased patient quality of life after ACSS.

Higher rates of dysphagia and dysphonia have been reported
in patients undergoing > 3-level ACSS than single or 2-level
ACSS.>**? This study hypothesized that the DT group would
show better outcomes than the L group in dysphagia and dys-
phonia after multilevel ACSS. Dysphagia rates were significant-
ly lower in the DT than in the L group from 6 months postop-
eratively to 24 months of final follow-up. These findings indi-
cated that DT group showed a better outcome in chronic post-
operative dysphagia than L group. We examined the possible
reasons for the low rates of dysphagia after long segments of
ACSS using a double transverse incision as follows. Dysphagia
can be classified according to time and by various causes, and it
can also be caused by extrinsic compression in the chronic
stage.>** In the DT group, skin tenting with fibrosis and pla-
tysma puckering®® occur less than in the L group because the
direction of the incision is parallel to the skin crease and the
muscle fiber in the platysma.>*"* The effect of extrinsic com-
pression due to this fibrotic tissue formation may affect the dif-
ference in the incidence of dysphagia.

DT incision may also be advantageous over L incision for deep-
er level dissection. For deep cervical fascia dissection, blunt dis-
section is commonly used to prevent unwanted nerve injury
due to sharp dissection." However, in surgical approach expo-
sure process for long segments more than 3 levels, it would be
difficult to complete the exposure simply by blunt dissection;
under this situation, sharp separation is inevitable.” Therefore,
excessive blunt dissection cannot be performed in the upper
and lower ends, and sharp dissection is necessary. Because the
recurrent laryngeal nerve, internal branch of superior laryngeal
nerve (SLN), superior thyroid artery, and superior laryngeal ar-
tery run between the middle layer of deep cervical fascia (strap
muscle fascia) and the carotid sheath, the probability of an inju-
ry causing permanent dysphagia is increased during sharp dis-
section of the deep cervical fascia.”’** On the other hand, with
DT incision, less than 2 levels at upper and lower incisions are
to be exposed, so sharp dissection is rarely required and most
cases are resolved with blunt dissection. These differences seem
to be related to differences in the incidence of permanent dys-

418 www.e-neurospine.org

phagia. Parallel incision with nerve pathway may also explain
the advantages of double transverse incisions over longitudinal
incisions in reducing nerve injuries that result in dysphagia. In
the upper cervical level, hypoglossal nerve travels transversally
at the level of C2-3, and the SLN travels transversally and the
internal branch of the SLN travels similarly from the investing
fascia surrounding the carotid sheath to the thyrohyoid mem-
brane at the C3-4 level.**** Compared to the longitudinal in-
cision, a double transverse incision can provide transverse visi-
bility and field space of the upper cervical level. Previous stud-
ies have reported that thorough dissection parallel to the nerve
pathway could lower the possibility of nerve injuries in exces-
sive retraction and unintentional ligation.”*

In addition, using DT incision has the advantage that it is not
necessary to dissect all levels of deep cervical fascia to reach the
prevertebral level. There is a surgical method for fracture called
minimally invasive plate osteosynthesis (MIPO).”* MIPO is an
advantageous method making an incision only in the upper
and lower parts without opening all parts during the plating
process to increase vascularity of the fracture site, thus improv-
ing functional outcome and cosmesis. Using DT incision, the
middle part can be spared since it is possible to reach the pre-
vertebral level using the space of the upper and lower incision
levels (Fig. 5). At the level between C3-4 and C6-7, the path of
the external SLN is variable, suggesting that a direct longitudinal
dissection may increase the risk of unintentional damage to its
branches because perpendicular direction of incision to nerve
pathway. Without bridge flap invasion, double transverse inci-
sion could avoid incidental injury to superficial branches of SLN.
Considering that most nerve injuries that cause dysphagia oc-

cur during the dissection of the deep cervical fascia,"*"***

sparing
the middle part of cervical level can be advantageous by using
DT incision. Whereas, rates of dysphonia, as measured by VHI-
10 scores, did not differ significantly between the 2 groups, per-
haps due to the relatively low rates of dysphonia after ACSS.
This result suggested that the incidence of dysphonia after mul-
tilevel ACSS might be more affected by number of levels or du-
ration of surgery than type of incision.

This study had several limitations. First, it was a non-random-
ized and retrospective analysis involving relatively few patients,
making it underpowered. Second, dysphagia and dysphonia
were not measured preoperatively, preventing determination of
improvements over baseline. Third, the surgeons determined
the incision, which may have caused a selection bias. Moreover,
the VBSO is known to have a lower complication rate than cor-
pectomy, but it is not yet familiar to all surgeons. Therefore, it

https://doi.org/10.14245/1s.2143260.630
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Fig. 5. [llustration of axial cut in midsection spared in double transverse incision. Surgical routes are expressed with longitudinal
incision (A) and double transverse incision (B). Skin incision, platysma cutting, and dissection of deep cervical fascial layers are
performed in midsection using longitudinal incision. In double transverse incision, the dissection process described above can
be omitted to reach the prevertebral fascia using the space at the upper and lower cervical levels.

may be helpful to consider a double transverse incision while
preparing a long-level ACDE, but for VBSO, we recommend to
try a double transverse incision after gaining sufficient surgical
experience with its technique. Finally, the different surgical
types (VBSO versus ACDF) may have affected the results of
postoperative dysphagia more significantly than the incision
type. Comparing 2 incisions within both types of surgery can
be too heterogenous. However, surgery types between 2 groups
did not differ significantly. Therefore, we concluded that the in-
cision type may have a considerable effect on the results of post-
operative dysphagia after long level ACSS.

CONCLUSION

In conclusion, present study focused on ACSS involving >3
levels, and analyzed the association of incision type with dys-
phagia, dysphonia, and skin cosmesis. A double transverse inci-
sion can be used when performing ACSS involving >3 levels,
possibly providing better cosmesis and lower rates of persistent
dysphagia than a longitudinal incision.
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