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Introduction

Wide and adequate exposure of the surgical field is essential 
for successful thyroid surgery. The most common procedure 
for conventional open thyroidectomy is the midline approach, 
in which the strap muscles are divided along the linea alba and 
separated from the thyroid gland. However, midline approach 
may be difficult to perform in some patients, including patients 
with huge goiter, large Graves’ disease, thyroid cancer with 
lateral neck metastasis, obesity and short neck. An insufficient 

surgical field exposure not only increases operation time and 
blood loss, it also increases the risk of injury to the recurrent 
laryngeal nerve (RLN) and parathyroid gland (PG) due to 
poor visibility during surgical dissection (1). 

The aim of this study was to evaluate the U-shaped 
strap muscle flap (USMF) approach that provides excellent 
exposure of the surgical field. Postoperative objective voice 
analysis and subjective assessment of voice and swallowing 
were also performed to evaluate USMF outcomes, including 
voice and swallowing function.
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Methods

From January, 2017 to June, 2018, this study enrolled  
20 patients who had received total thyroidectomy by USMF 
approach, including 15 with huge goiters, 2 with large Graves’ 
disease, and 3 with thyroid cancers with lateral neck metastasis. 
The USMF was performed as follows. After elevation of the 
skin flap, the strap muscles were cut at a lower margin close 
to the clavicle and then cut along the anterior margin of both 
sternocleidomastoid muscles. The strap muscles were then 
separated from the thyroid gland and elevated to the superior 
level of thyroid cartilage (Video 1). After complete resection 
of tumors, the muscle flap was sutured back to its original 
position. Figure 1 shows the USMF approach for a huge goiter, 
and Figure 2 shows the USMF approach for thyroid cancer 
with lateral neck metastasis.

In all patients, analyses of ionized calcium (iCa) level 
and vocal cord function, objective analysis of voice, and 
subjective analyses of voice and swallowing were performed 
before surgery and 2 months after surgery. Another 40 
patients who had received total thyroidectomy by midline 
approach during the same time period were used as a 
control group to compare voice and swallowing outcomes. 
All surgeries were performed under neural monitoring by a 

single surgeon (FY Chiang).

Evaluation of serum iCa and vocal cord function 

In all patients, iCa was measured before and 12, 24, 48, and 
72 hours after surgery. Postoperative hypocalcemia (PH) was 
considered permanent if iCa did not recover and calcitriol/
calcium supplements could not be withdrawn 12 months after 
surgery. Vocal cord mobility was routinely video-recorded 
by flexible laryngofiberscopy before and after surgery. A 
dysfunction was considered permanent if abnormal vocal 
cord movement persisted 6 months after surgery.

Objective voice analysis

Objective voice analysis was performed preoperatively and 
2 months postoperatively. The assessments were performed 
by an experienced speech-language pathologist using 
Multidimensional Voice Program (MDVP, model 5105, 
version 3.1.7; KayPENTAX, USA) and Voice Range Profile 
(VRP, model 4326, version 3.3.0; KayPENTAX, USA). 
Maximum pitch frequency (Fmax), minimum pitch frequency 
(Fmin), pitch range (PR), maximum phonation time (MPT), 
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Figure 1 Thyroid surgeries via U-shaped strap muscle flap (USMF) approach. Huge goiter (16 cm × 13 cm) with tracheal compression: (A) 
appearance; (B) computed tomography image. (C) conventional open thyroidectomy with adequate skin flap elevation; (D) straps muscles 
were cut at lower margin close to the clavicle and cut along the anterior margin of both SCM muscle; (E) the strap muscles were separated 
from the thyroid gland and elevated to the superior level of thyroid cartilage to achieve wide and adequate exposure of surgical field for total 
thyroidectomy; (F) USMF was sutured back to the original position. SCM, sternocleidomastoid muscle.
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Figure 2 Thyroid cancer with lateral neck metastasis (A) and outcome of USMF approach in a total thyroidectomy with central and lateral 
neck dissection (B). 

Table 1 Subjective voice and swallowing evaluation questionnaires

Questions Never Nearly never Sometimes Often Always

Total voice impairment score (VIS)

My voice is hoarse 1 2 3 4 5

My voice is breathy 1 2 3 4 5

Making high pitch voice takes great efforts for me 1 2 3 4 5

Making low pitch voice takes great efforts for me 1 2 3 4 5

My voice changes during a day 1 2 3 4 5

Total swallowing impairment score (SIS)

I have a foreign body sensation when swallowing 1 2 3 4 5

I choke/cough during food ingestion 1 2 3 4 5

I choke/cough during water ingestion 1 2 3 4 5

mean fundamental frequency (mean F0), Jitter (Jitt), and 
Shimmer (Shim) were recorded. The PR was defined as the 
number of semitones between Fmax and Fmin.

Subjective assessment of voice and swallowing

The severity of voice and swallowing abnormalities was 
evaluated by questionnaires (Table 1). The scores resulting 
from the questionnaires were defined as voice impairment 
score (VIS) and swallowing impairment score (SIS). The 
VIS and SIS scores ranged from 1 (no impairment of 
voice or swallowing) to 5 (severe impairment of voice or 
swallowing).

Calculation of postoperative change in voice analysis data

The equation used to calculate postoperative changes in 
voice analysis data was 
Δ =100% * (B − A)/A
Where A and B are preoperative and postoperative 

values, respectively.

Statistical analysis

The statistical software used for all t-tests was SPSS (Version 
18.0 for windows; SPSS Inc., Chicago, IL, USA). A P value 
less than 0.05 was considered statistically significant. This 
study was approved by the Kaohsiung Medical University 
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Hospital Institutional Review Board [No. KMUH-IRB-
E(I)-20190201].

Results

All 20 thyroid surgeries performed by USMF approach 
were uneventful and had no adverse events (e.g., no 
postoperative hematoma, wound infection or flap necrosis).

The USMF group and the midline group did not 
significantly differ in gender, mean age, histopathology, 
PH rate or vocal cord palsy. Temporary PH occurred in 
3 (15.0%) patients in the USMF group and in 2 (5.0%) 
patients in the midline group, and no patients had permanent 
PH. Neither group had patients with transient or permanent 
vocal cord palsy. Preoperative objective voice analysis 
revealed that no parameters differed between the USMF 

group and the midline group. Between-group comparisons 
revealed that the USMF group had significantly higher VIS 
(16.13±6.87 vs. 9.45±6.51 in midline group, P=0.001) and 
significantly higher SIS (9.70±3.91 vs. 6.25±4.32 in midline 
group, P=0.001). Table 2 shows the results of preoperative 
subjective assessments of voice and swallowing.

Table 3 compares preoperative and 2-month postoperative 
voice and swallowing outcomes. Objective voice analysis 
at 2 months post-surgery showed significantly lower Fmax 
and PR in both groups. Subjective assessments revealed no 
significant VIS change in the USMF group (preoperative 
VIS 16.13±6.87 vs. postoperative VIS 15.70±4.91; P=0.010). 
In the midline group, however, VIS significantly increased 
(preoperative VIS 9.45±6.51 vs.  postoperative VIS 
10.25±7.28; P=0.010). In contrast, SIS did not significantly 
differ in either the USMF group (preoperative SIS 9.70±3.91 

Table 2 Demographic and clinical characteristics of USMF group and midline group

Variables USMF group (20 patients) Midline group (40 patients) P value

Gender (men/women) 3/17 7/33 0.807

Age (SD) (years) 50.52 (12.36) 52.68 (12.12) 0.434

Histopathology (benign/malignant) 15/5 32/8 0.674

PH

Temporary PH (%) 3 (15.0) 2 (5.0) 0.272

Permanent PH (%) 0 (0.0) 0 (0.0) 1.000

Vocal cord palsy (% of nerves at risk)

Temporary palsy 0 (0.0) 0 (0.0) 1.000

Permanent palsy 0 (0.0) 0 (0.0) 1.000

Postoperative hematoma (%) 0 (0.0) 0 (0.0) 1.000

Preoperative voice analysis

Fmax 666.13±163.62 712.83±208.35 0.498

Fmin 119.65±25.74 121.88±33.62 0.914

Pitch range 28.18±4.86 30.08±6.78 0.114

MPT 18.91±5.23 20.85±8.04 0.151

Mean F0 204.64±42.59 204.64±42.59 0.183

Jitter 0.86±0.44 0.81±0.42 0.336

Shimmer 2.27±0.88 2.22±0.88 0.143

VIS 16.13±6.87 9.45±6.51 0.001

SIS 9.70±3.91 6.25±4.32 0.001

USMF, U-shaped strap muscle flap; SD, standard deviation; PH, postoperative hypocalcemia; Fmax, maximum pitch frequency; Fmin, 
minimum pitch frequency; MPT, maximum phonation time; mean F0, mean fundamental frequency; VIS, voice impairment score; SIS, 
swallowing impairment score.
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Table 3 Comparison of preoperative and postoperative 2 months voice and swallowing outcomes in USMF and midline group

Variables
USMF preoperative, 

mean (±SD)
USMF 2 months 

postoperative, mean (±SD)
P value

Midline preoperative, 
mean (±SD)

Midline, 2 months 
postoperative, mean (±SD)

P value

Fmax (Hz) 666.13±163.62 592.70±202.19 0.001 712.83±208.35 638.90±248.47 0.017

Fmin (Hz) 119.65±25.74 134.70±31.08 ns 121.88±33.63 128.98±40.80 ns

Pitch range 28.18±4.86 25.20±7.02 0.003 30.08±6.78 26.88±8.00 0.004

MPT (s) 18.91±5.23 19.40±9.09 ns 20.85±8.04 20.90±10.35 ns

Mean F0 (Hz) 204.64±42.59 210.39±43.77 ns 198.23±37.16 191.34±45.18 ns

Jitter (%) 0.86±0.44 0.98±0.52 ns 0.81±0.42 0.95±0.62 ns 

Shimmer (%) 2.27±0.88 2.71±1.31 ns 2.22±0.88 2.53±1.25 ns

VIS 16.13±6.87 15.70±4.91 ns 9.45±6.51 10.25±7.28 0.010

SIS 9.70±3.91 9.10±2.57 ns 6.25±4.32 6.48±4.60 ns

USMF, U-shaped strap muscle flap; SD, standard deviation; Fmax, maximum pitch frequency; Fmin, minimum pitch frequency; MPT, maximum 
phonation time; mean F0, mean fundamental frequency; VIS, voice impairment score; SIS, swallowing impairment score; ns, not significant.

Table 4 Comparison of the difference of preoperative and postoperative 2 months objective voice analysis and subjective assessment of voice and 
swallowing in two groups

Variables USMF group Midline group P value

ΔFmax −19.27±22.66 −9.92±25.01 ns

ΔFmin 17.84±47.51 7.73±25.62 ns

ΔPitch range −17.41±22.16 −9.69±19.95 ns

ΔMPT 8.32±35.46 3.02±38.00 ns

ΔMean F0 −0.97±11.17 −3.25±14.84 ns

ΔJitter 49.52±171.75 51.44±118.81 ns

ΔShimmer 22.56±82.45 25.44±67.08 ns

ΔVIS −1.05±30.19 −4.96±12.24 ns

ΔSIS 0.80±29.92 6.96±46.06 ns

For the calculation formula of Δ, please refer to the method. USMF, U-shaped strap muscle flap; Fmax, maximum pitch frequency; Fmin, 
minimum pitch frequency; MPT, maximum phonation time; mean F0, mean fundamental frequency; VIS, voice impairment score; SIS, 
swallowing impairment score; ns, not significant.

vs. postoperative SIS 9.10±2.57; P>0.05) or in the midline 
group (preoperative SIS 6.25±4.32 vs. postoperative SIS 
6.48±4.60; P>0.05).

Between-group comparisons of preoperative and 
2-month postoperative Δ value of objective voice analysis 
and subjective assessment of voice and swallowing showed 
no significant difference (Table 4).

Discussion

Large goiter, Graves’ disease and thyroid cancer are 

associated with increased complication rates in thyroid 
surgery. For example, after thyroidectomy, large thyroid 
glands and Graves’ disease are risk factors for hematoma and 
prolonged hypocalcemia (2-4). Thyroid cancer patients who 
have received neck dissection also have an increased risk of 
hypoparathyroidism and RLN injury after thyroidectomy 
(5,6). The major complications of thyroid surgery include 
RLN injury, external branch of superior laryngeal nerve 
(EBSLN) injury, and permanent hypoparathyroidism, 
besides, over-traction of tissue or prolonged surgical 
time also results in postoperative sequelae (7). Therefore, 
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adequate exposure of the surgical field and meticulous 
dissection are essential for a successful thyroid surgery. The 
USMF approach is a selectable method to minimize these 
complications by providing wide surgical exposure. 

The reported effects of partial or complete resection 
of strap muscles on voice and swallowing performance 
widely vary. A comprehensive literature review by Vilkman 
et al. (8) concluded that changes in a complex interactive 
system such as the external laryngeal frame (including 
the sternothyroid and sternohyoid muscles) can result in 
increased or decreased voice pitch. In Sonninen et al. (9), 50 
thyroidectomy patients who had received bilateral division 
of the strap muscles were compared with 50 thyroidectomy 
patients who had received unilateral division or no division 
of the strap muscles. The authors concluded that the 
unilateral group had better high voice pitch outcomes. 

However, other studies of unilateral and bilateral 
strap muscle division (10,11) and sternothyroid muscle 
division (12) have concluded that these procedures have no 
subjective or objective functional sequelae. Partial cutting 
of the sternothyroid muscle at the laryngeal head at the 
insertion point of the sternothyroid muscle along the 
thyroid cartilage is reportedly a safe surgical technique for 
exposing the superior pole of the thyroid gland to facilitate 
isolation and ligation of the vascular pedicles of the superior 
pole and for enabling easy identification and preservation of 
the EBSLN (13).

The reported prevalence of symptoms in preoperative 
thyroidectomy patients widely varies from 11% to 88% (14-16).  
As thyroid volume increases, preoperative compressive 
symptoms may increase (14) whereas PR may decrease (17). 
The preoperative assessments in our study showed that the 
USMF group had significantly higher VIS and SIS compared 
with the midline group, which suggests that patients treated 
by USMF approach may tend to have a larger thyroid 
volume or greater disease severity compared to those treated 
by midline approach.

Some studies have reported substantial changes in 
objective voice analysis results after thyroid surgery, 
including decreased habitual pitch, decreased vocal 
performance (e.g., decreased frequency and intensity range), 
and increased perturbation parameters (e.g., increased 
shim, jitt, noise-to-harmonic ratio, and voice turbulence 
index) (18-21). Changes in voice and swallowing have been 
reported in patients who have received the conventional 
midline approach (22,23). In our study, Fmax and PR 
significantly decreased 2 months after both USMF and 
midline approach. Other parameters did not significantly 

differ. Lee et al. (13) similarly reported that patients who 
had received thyroidectomies that required partial cutting 
of the sternothyroid muscle had decreased Fmax at 2 weeks 
post-surgery. Lombardi et al. (23) reported that objective 
parameters recorded preoperatively and at 3 months post-
surgery did not significantly differ. Our study similarly 
showed that VIS significantly increased in the midline group 
(P=0.010). In the USMF group, VIS did not significantly 
differ;  in fact,  VIS slightly improved (16.13±6.87 
preoperatively and 15.70±4.91 postoperatively). We 
hypothesize that the USMF group had larger improvements 
in VIS because patients in the USMF group was more likely 
to have large goiter or thyroid tumor decompression. 

For an accurate comparison of changes in voice and 
swallowing parameters, preoperative and postoperative Δ 
values were compared between the two groups. Between-
group comparisons before surgery and 2 months after 
surgery showed no significant differences in Δ. Therefore, 
we conclude that the voice and swallowing outcomes 
obtained by USMF approach were not inferior to those 
obtained by midline approach. 

Several causes of voice alteration in thyroidectomy 
patients without EBSLN injury or RLN injury have been 
postulated, including orotracheal intubation, modification 
of vascular supply and venous drainage of the larynx, 
impairment of laryngotracheal movement, injury to 
the cricothyroid muscle, local pain in the neck, and 
psychological reaction to postoperative outcome (18,24-27).

The USMF surgical technique provides wide exposure 
of the surgical field in patients who require difficult thyroid 
surgery. The technique facilitates gland exposure and 
vessel ligation and facilitates preservation of the EBSLN, 
the RLN, the cricothyroid muscles, and the PG in thyroid 
surgery. This analysis of patients treated by USMF 
technique showed good preservation of the EBSLN, RLN 
and cricothyroid muscles, and no patients had postoperative 
hematoma or permanent hypoparathyroidism.

Some limitations of this study are noted: (I) this was not 
a randomized study; (II) the case number was small; and 
(III) long-term subjective and objective analyses of voice/
swallowing performance were not performed. Further 
studies are needed to investigate long-term changes in voice 
and swallowing function after strap muscle transection.

Conclusions

By providing excellent exposure of the surgical field, USMF 
facilitates gland exposure, vessel ligation, preservation of 
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the EBSLN, RLN, cricothyroid muscles, and preservation 
of the PG during difficult thyroid surgery. None of the 
patients analyzed in this study had postoperative wound 
infection, flap necrosis or hematoma. The results for 
objective voice analysis and subjective assessments of voice 
and swallowing before and 2 months after surgery showed 
comparable outcomes in the USMF group and the midline 
group. Therefore, USMF can be a safe and selectable 
approach for difficult thyroid surgeries.
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