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Long-Term Results of Calcium Hydroxylapatite for Vocal Fold
Augmentation

Thomas L. Carroll, MD; Clark A. Rosen, MD, FACS

Objectives/Hypothesis: Studies have shown excellent results for 12-month post–injection augmentation data for cal-
cium hydroxylapatite (CaHA) for glottal incompetence; however, the longevity of the material past one year was unknown.
Our objective was to report the long-term effectiveness of CaHA as a vocal fold injectable by assessing data from a cohort of
patients who underwent injection for glottal insufficiency.

Study Design: Retrospective chart review.
Methods: Patients who underwent CaHA injection for glottal insufficiency of any etiology were considered for inclusion

in the study. The change in Voice Handicap Index (VHI)-10 scores between preinjection scores and best postinjection scores
as well as between the preinjection and the most recent VHI-10 scores were used as primary outcome measures to determine
the persistence of benefit or the time to loss of benefit. Complications among the cohort were identified.

Results: Ninety patients who underwent 108 vocal fold injections with CaHA were evaluated for inclusion. Twenty
patients with 22 injections met the criteria for inclusion. Fourteen of 22 (64%) subjects showed loss of benefit of the CaHA
material. The average length of benefit was 18.6 months, with a range of 8 to 36 months. Three complications were identified
among the original cohort of 108 injections.

Conclusions: CaHA remains a safe and effective long-term vocal fold injectable with an average length of benefit of 18.6
months. Three complications were seen among 108 CaHA injections. CaHA is a long-term injectable with an excellent track re-
cord that does not appear to warrant concern for permanent or late complications.

Key Words: Laryngology, vocal fold injection, injection augmentation, augmentation materials, voice, glottal
insufficiency, injectables, quality of life.
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INTRODUCTION
Glottal insufficiency (GI) that requires permanent

true vocal fold (VF) augmentation is a common problem
treated by otolaryngologists. GI may be gross or subtle
based on the underlying disease processes such as VF
atrophy, paresis, paralysis, scar, or sulcus vocalis.1

Treatments for GI are based on symptoms and severity
and range from voice therapy to VF injection augmenta-
tion and laryngeal framework surgery. Finding an ideal
long-term injectable for VF augmentation has been a
goal of those who treat GI since Brunings first offered

this treatment using paraffin nearly 100 years ago.2 The
ideal long-term VF injectable should be available ‘‘off the
shelf ’’ without the need for preparation; it should be bio-
logically inert and should be a good rheologic match for
the native VF. It also should be passable through a fine-
gauge needle (�22 gauge). Many currently available
materials such as autologous fat, fascia, hyaluronic acid,
and collagen-based products fall short of these require-
ments.3–7 Teflon and silicone have both been previously
used as permanent VF augmentation materials; they
were discontinued owing to the significant immunologic/
granulomatous responses seen in numerous patients.8,9

The chemical make-up and track record of calcium
hydroxylapatite (CaHA) in the VF and elsewhere in the
body are well described in the literature.10–16 CaHA has
been available commercially since 2003 as Radiesse
Voice (Bioform Medical Inc., San Mateo, CA) and has
met many of the requirements of the ideal VF injectable,
including being readily available, biologically inert, and
passable through a small-gauge needle; however, its
rheologic properties and longevity remain uncertain.17,18

Rosen et al. prospectively evaluated the effectiveness of
CaHA up to the 12-month time point.18 Eighty-one per-
cent of patients in this study subjectively reported at
least moderate improvement in voice at 12 months.
Twenty-two percent of patients (14 of 63 patients)
required further intervention before the 12-month time
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point for loss of initial injection benefit. There were no
major complications and no superficial injections of
CaHA reported in that study.

The study by Rosen et al. included only patients
with unilateral VF paralysis (UVFP) and patients with
GI but bilaterally mobile VFs (paresis and/or atrophy).
Patients were excluded if they had scar or sulcus, prior
external beam radiation to the larynx, or a history of
prior laryngeal surgery with the exception of a tempo-
rary VF injection augmentation. A more recent study by
Kwon et al. confirms the 12-month persistent benefit of
CaHA specifically in GI patients with bilateral VF atro-
phy.19 Real world applications of CaHA often include
patients who do not have straightforward UVFP or GI
with mobile VFs. Patients often have had prior laryngeal
framework surgery and need a small amount of addi-
tional bulk for optimal voice; they may have VF scar or
sulcus present and may benefit from global VF augmen-
tation; or they may have a history of external beam
radiation or a terminal diagnosis. The longevity of
CaHA and its potential as a permanent VF augmenta-
tion material have yet to be determined. The goal of this
study was to look at a new cohort of patients from one
institution who had received a deep VF augmentation
with CaHA for any indication deemed appropriate by
the surgeon and to examine the results for those
patients by using the change in their Voice Handicap
Index-10 (Delta VHI-10) for a period of longer than 12
months. Our intent was to determine the longevity of
initial voice benefit from CaHA VF augmentation in this
‘‘real world’’ patient population and to report any compli-
cations from our institution’s cohort.

MATERIALS AND METHODS
After approval from the University of Pittsburgh Medical

Center Institutional Review Board was received, data were
accumulated by means of retrospective chart review. We then
deidentified data for any adult subject (18 years or older) who
had received a CaHA VF injection at least 24 months before the
date of data extraction. Subject demographics including age,
sex, and diagnosis were extracted along with the primary out-
come measure of the study, the VHI-10 scores (the VHI-10 is a
patient-based survey that quantifies a patient’s perception of
his or her vocal handicap and is scored from 0 to 40, with 40
being the highest degree of perceived handicap). In addition,
the dates of the CaHA injection(s), side of injection, amount of
CaHA injected, and any preceding or subsequent laryngeal pro-
cedures and their dates were recorded.

Follow-up surveys were sent to all patients whose last
available VHI-10 score showed persistence of benefit but whose
chart lacked a post–24-month VHI-10 score (24 months or more
from the date of injection). The survey included a VHI-10 and a
subsequent question asking whether they had undergone any
further laryngeal surgery since their last visit to our practice.
This question was added to avoid VHI-10 scores worsening or
improving based on further laryngeal surgery that was not per-
formed at our institution.

Patients were excluded from analysis for the following rea-
sons: 1) if they never showed improvement in VHI-10 from
preinjection to postinjection (i.e., there was never a clinically
meaningful improvement in VHI-10 and thus no way to track
the long-term effectiveness of CaHA, which is the objective of
this study); 2) if their chart lacked a preinjection VHI-10 score;

3) if their chart lacked at least two postinjection VHI-10 scores
to establish a trend of improvement or decline in determining
long-term results following the initial CaHA injection (to estab-
lish if and when they lost the benefit); or 4) if they had a
terminal diagnosis and they died before final data collection
was possible.

All injections were performed under the direction of the
senior author (c.a.r.) and were performed using primarily a per-
oral approach in the office (transthyroid cartilage or transcrico-
thyroid membrane approaches were used rarely) or via
microsuspension laryngoscopy in the operating room based on
the preference of the surgeon and patient.1 The amount of ma-
terial injected and the exact deep injection site(s) were
determined based on the underlying diagnosis and the decision
of the surgeon at the time of injection.

There is a subset of patients who receive a CaHA injection
and lose their benefit fairly rapidly. This phenomenon is pre-
sumed to be caused by underaugmentation of the VF by the
surgeon at the time of the first injection. As the carrier gel in
the CaHA product wears off in an underaugmented VF, the
remaining amount of CaHA is insufficient to give meaningful
benefit to the patient and thus warrants reinjection. Subjects
who received a subsequent CaHA injection less than or equal to
4 months after their first injection were presumed to have been
underaugmented; the date of data collection for these subjects
in the final analysis was thus started from the date of their
repeat injection. Four months was chosen as the cutoff for possi-
ble underaugmentation, as it can take 2 to 3 months for the gel
carrier of the CaHA to wear off and additional time to resched-
ule the repeat procedure.

Subjects who lost benefit after the 4-month underaugmen-
tation window (i.e., had an acceptable benefit from the first
injection) and went on to have a subsequent procedure (such as
repeated CaHA injection, medialization laryngoplasty, or autolo-
gous fat injection) were deemed to have lost their benefit at the
time of the last recorded VHI-10 preceding their surgery. Loss
of benefit was defined as a return to within 4 points of their
preinjection VHI-10 score or a score that was even higher
(worse) than their preinjection score (see discussion).

As data were gathered, we realized that some subjects
had received two or more CaHA injections and that each indi-
vidual injection had an acceptable period of benefit before
reinjection was performed (i.e., each injection lasted longer
than the 4-month underaugmentation ‘‘window’’). This finding
is not surprising because CaHA is used this way in the clinical
setting for patients who do not desire a trip to the operating
room and prefer serial in-office procedures (when the benefit of
CaHA wears off, an expected repeat procedure is performed). In
an effort to extract as much long-term data from our population
as possible, it was decided that patients could be used for two
separate statistical subject data points if they had lost the bene-
fit of their first injection after a period longer than the first 4-
month time point and then went on to have a separate period
of benefit from a subsequent injection that also lasted longer
than 4 months. For example, a subject might have received an
initial injection that gave him or her benefit for 10 months.
Subsequently, that same subject might have lost the benefit of
the first injection and then received a second CaHA injection
with a resultant period of benefit of 18 months; both of those
injections gave meaningful benefit and would be used as sepa-
rate ‘‘subjects’’ (with individual data points) for the purpose of
this study.

The Delta VHI-10 was used as the primary outcome mea-
sure for this study to determine when the benefit of the CaHA
injection was lost; it was defined as the difference in two VHI-10
scores on two different dates (i.e., the preinjection VHI-10 score
minus the postinjection VHI-10 score equals the Delta VHI-10
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for those two values). Paired two sample mean t tests (alpha level
set at.05) were used to statistically compare the Delta VHI-10
values between 1) the preinjection VHI-10 score and the best
postinjection VHI-10 score and 2) the preinjection VHI-10 score
and either a) the VHI-10 score that showed evidence of loss of
benefit at any time point after 4 months (i.e., return to near pre-
injection score or last score before a repeat augmentation
procedure) or b) the most recent VHI-10 score showing mainte-
nance of benefit. Readers should note that the best postinjection
VHI-10 score and the most recent VHI-10 score showing benefit
could be the same score in someone who was still benefitting
from the injection at the time of this study and therefore would
give the same Delta VHI-10 value. Mann-Whitney U tests (alpha
equal to.05) were used for comparison of subject age and the
amount of material injected between the groups with less than or
greater than 36 months of time since their injection. This non-
parametric test was chosen owing to the small and unequal
sample sizes of these two groups (Table I).

RESULTS
A total of 20 patients fit the criteria to be included

in the study. From these, 22 separate injections were
appropriate for the study (hereafter called ‘‘subjects’’).
The average age of the subjects was 66.7 years (range,
47.7–86 years), and 12 subjects were male. The injec-
tions were unilateral in 11 of 22 subjects, and the
average amount of total CaHA injected (unilateral or
total bilateral) was 0.53 mL. The diagnoses treated were
UVFP (11 of 22), unilateral VF paresis (4 of 22), bilateral
VF atrophy (5 of 22), unilateral VF atrophy (1 of 22),
and bilateral VF scar (1 of 22).

Of the 22 subjects, 16 (73%) had data up to the 36-
month time point, and six (27%) had data beyond the
36-month time point (hereafter ‘‘long-term benefit’’
group). Data up to the 36-month time point were ana-
lyzed both separately from and as part of the overall
cohort in an effort to avoid a potential reporting bias
among the six subjects who all had long-term benefit
and were the only subjects to return surveys (see discus-
sion). The average duration of benefit for those 16
subjects with less than or equal to 36 months of data

was 18.6 months, with a range of 8 to 36 months. The
amount of CaHA injected into the VFs was similar (P ¼
.5) between the pre– and post–36-month time point
groups. The ages of the subjects in the group who bene-
fited longer than 36 months were significantly lower
(P ¼ .02).

Fourteen of the total 22 subjects (64%) demon-
strated loss of CaHA benefit (3 evidenced by reinjection
of CaHA, 3 by medialization laryngoplasty, and 8 by loss
of benefit through VHI-10 criteria) (Table I). For the 14
subjects who lost their benefit, the average time to this
loss was 16.9 months (Fig. 1). Six of 14 subjects lost
their benefit by 12 months, six of 14 demonstrated loss
of benefit by 24 months, and the two remaining lost
their benefit by 36 months. For the eight subjects who
maintained their benefit at the time of data collection,
they were benefitting at an average of 45.3 months
(range, 24–60 months) after the date of injection at the
time of data collection (Fig. 2). When all 22 subjects (the
8 subjects who maintained benefit along with the 14
who lost benefit) were analyzed together, the average
duration of benefit was 27.2 months, with a range of 8
to 60 months.

The average Delta VHI-10 for all subjects between
preinjection VHI-10 scores to best postinjection VHI-10
scores was 10.7, and the Delta VHI-10 between preinjec-
tion VHI-10 scores to most recent VHI-10 scores was 5.1.
This finding was statistically significant (P < .00005),
demonstrating an overall loss of benefit of the CaHA
injection. When only those with data up to 36 months
were assessed, the average Delta VHI-10 between prein-
jection to best VHI-10 score was 10.2, and the Delta
VHI-10 between preinjection to most recent VHI-10
score was 2.7. This finding also was statistically signifi-
cant (P < .00005), demonstrating loss of benefit. Finally,
when only those who lost benefit were examined, the av-
erage Delta VHI-10 between preinjection to best VHI-10
score was 8.6, and the Delta VHI-10 between preinjec-
tion to most recent VHI-10 score was 0.6 (a near return
to their preinjection VHI-10 value). This finding showed
a statistical difference as well (P < .00005), demonstrat-
ing significant loss (Fig. 3). Although not its purpose,

Fig. 1. Graphic representation of the change in Voice Handicap
Index (VHI)-10 scores for subjects who lost the benefit of their cal-
cium hydroxylapatite injection. Note the return of their VHI-10
scores to near or above their preinjection values.

Fig. 2. Graphic representation of the change in Voice Handicap
Index (VHI)-10 scores for subjects who had a long-term benefit
from their calcium hydroxylapatite injection. Note the persistence
of a lower (improved) VHI-10 score compared to their preinjection
value.

Laryngoscope 121: February 2011 Carroll and Rosen: CaHA for Vocal Fold Augmentation

315



this paper adds to previous studies that demonstrate the
effectiveness of CaHA.14–16,18 The average preinjection
VHI-10 score was 24.5 for all subjects, and the average
best postinjection VHI-10 score was 13.8 for all subjects,
demonstrating a significant improvement (P < .00005).

Two subjects demonstrated significant worsening of
their VHI-10 scores after their injection wore off, with a
most recent VHI-10 score that was more than 4 points
worse than their preinjection score (i.e., high negative
Delta VHI-10 values). One of these subjects (subject 10)
had a Delta VHI-10 score of �5 and had the complica-
tion of infraglottic migration requiring surgical excision.
The other subject (subject 6) had Delta VHI-10 score of
�7 and went on to have a subsequent CaHA injection 12
months after his first with longer term success. Subject
6 represents the first injection of a patient with two
separate injections for two subject data points. Interest-
ingly, his first injection lost its benefit by 9 months, but
the benefit of his second injection persisted longer than
24 months (reported on Table I as subject 16).

We offer our institution’s overall CaHA injection
numbers to aid in the discussion of overall complications
and method of CaHA delivery. Ninety patients received
a total of 108 CaHA injections at the senior author’s
(c.a.r.) institution between April 2004 and July 2007.
Fifty-one of these 108 (49%) were performed in the office
with local anesthesia: 49 via the transoral route, one via
the transthyroid cartilage route, and one via the tran-
scricothyroid membrane route. Fifty-eight of 108
injections (54%) were bilateral. Twenty-two of 90 sub-
jects (24%) were found to be deceased at the time of the
review; however, only 18 of 90 (20%) had a terminal di-
agnosis at the time of their injection. Twelve of 90
patients (13%) were lost to follow-up, and the remainder
(36 patients) did not have enough data points to be
included in the study or did not return the survey to
provide a recent VHI-10 score.

There were three complications for our 108 injec-
tions (2.8%; 1 of the 3 was from our 22 subjects): one
superficial injection and two infraglottic submucosal col-

lections of CaHA. Although not life threatening, these
complications did require surgical removal. One infra-
glottic collection was due to inadvertent placement during
an in office transoral injection, and the second was from
presumed CaHA migration, as the collection was not rec-
ognized during the injection that was performed under
microscopic visualization via general anesthesia.

DISCUSSION
Many questions have been posed in regard to the

longevity of CaHA and its potential for long-term compli-
cations. These questions are partly due to persistent
concerns that remain following the use of Teflon; result-
ant granulomas continue to be seen a decade or so after
Teflon stopped being used as a VF injection material.
The potential for any permanent VF augmentation ma-
terial to cause untoward long-term complications after
placement would, obviously, not be known until the com-
plication were to occur. In addition, it is not yet clear
whether CaHA should be placed in the category of a per-
manent injectable and should therefore carry the
concerns physicians have for long-term side effects. This
study was meant to determine how long CaHA provided
benefit for our patients and to review the long-term data
at one institution in regard to any untoward complica-
tions of using CaHA as a VF augmentation material.

Our review affords evidence that, in the majority of
cases, the benefit of CaHA as a VF augmentation mate-
rial has worn off before the 24-month time point and, on
average, lasts approximately 19 months. Statistical eval-
uation comparing the mean Delta VHI-10 of preinjection
and best postinjection VHI-10 scores to the mean Delta
VHI-10 of the preinjection and most recent VHI-10
scores confirmed the overall loss of benefit for our entire
cohort, despite 36% of subjects demonstrating persist-
ence of benefit on or after 24 months. Imaging studies
such as computed tomography to confirm the presence of
CaHA in the VF were not available or pursued in this
study given that this testing is outside our routine clini-
cal care. Without follow-up imaging, it is impossible to
know whether all of the material is truly gone; however,
the clinical picture suggests this may be the case.

Three complications were found on review of 108
CaHA injections, and all required operative excision;
none was life threatening, and all were realized within a
short time after the injection if not during the time of
the injection procedure itself. The errors that caused
these complications were technical in nature and by no
means CaHA-specific complications or ones that could
have been avoided with other VF-injectable materials.20

Placement of CaHA into the superficial layer of the VF
should obviously be avoided and is reported here and by
others to cause significant vibratory stiffness and result-
ant dysphonia.21 Removal of a superficial injection by a
microflap technique appears to be warranted when it in-
advertently occurs, and many reports have emphasized
the importance of a ‘‘deep’’ plane of injection when using
CaHA to avoid this complication.1,18,21 A more recent pa-
per by Gillespie et al. describes a 21% complication rate
with CaHA, and the majority of the complications were

Fig. 3. A statistically significant difference (P < .0005) demonstrat-
ing loss of benefit of calcium hydroxylapatite injections over time
exists among the 16 subjects with less than or equal to 36 months
of data as well as among all 22 subjects who met inclusion crite-
ria. The Delta Voice Handicap Index (VHI)-10 is the difference in
VHI-10 scores between the two time periods (i.e., preinjection to
best score postinjection). [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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due to superficial injection of CaHA. The authors of that
paper posit that CaHA should be placed in the controlled
setting of general anesthesia.22 The current study and
the previous studies by Rosen et al. and Kwon et al. sup-
port the idea that placement of CaHA in both the office
and operative setting is safe and effective.18,19 Emphasis
must be placed on the experience and comfort level of
the physician performing the injection when deciding
whether the in-office approach is appropriate to avoid
untoward immediate complications (such as superficial
injection, overinjection, underaugmentation, or place-
ment in the subglottic area rather than lateral to or
deep within the thyroarytenoid-lateral cricoarytenoid
muscle complex).

The current study was not intended to evaluate the
safety and satisfaction of patients after CaHA injection,
as these findings have already been demonstrated in
previous studies.14–16,18,22 However, our study did dem-
onstrate a statistically significant improvement from
preinjection to postinjection VHI-10 scores. More litera-
ture continues to emerge surrounding CaHA as a viable
injection material for VF augmentation. A recent study
by Kwon et al. demonstrated the effectiveness of CaHA
for a period of 12 months in those with bilateral VF atro-
phy.19 Gillespie et al. demonstrated subjective
effectiveness for 62% of their subjects after injection of
CaHA for GI due to paresis and paralysis but also VF
scar. Their lower than previously reported subjective sat-
isfaction rates were concisely theorized to be due to
inclusion of patients with glottic soft-tissue defects (i.e.,
cancer excision patients), longer average follow-up times,
and voice care within the setting of a general otolaryn-
gology clinic instead of a tertiary laryngology clinic.22

As in the Gillespie study, this paper did not exclude
those with diagnoses of scar when considering its out-
comes. The use of CaHA to improve GI due to bad VF
scar or previous cancer resection that has left a muscu-
lar defect of one or both VFs is often disappointing. A
trial VF injection with a short-term augmentation mate-
rial in the setting of scar and GI is often advised before
proceeding to permanent augmentation.23

Using a return to within 4 VHI-10 points of the pre-
injection value to demonstrate loss of benefit could
possibly be better addressed by using a percentage of the
original values; however, as is used clinically, it is the
trend of VHI-10 scores that is more valuable rather than
absolute values (all data are presented in Table I). Sixty-
four percent of subjects in this study demonstrated loss of
benefit after injection, leaving 36% with a persistent ben-
efit at the time of data collection (Table I). Because two of
the eight patients with persistent benefit were doing so
at or less than 36 months postinjection (and were essen-
tially within the range of our cohort who eventually lost
their benefit), they should not be considered as part of
the long-term benefit group. Additional consideration,
though, is given to those six subjects with evidence of
true benefit greater than 36 months (the long-term bene-
fit group). They were all subjects who completed the
survey and met criteria for inclusion and were uniformly
subjects who remained satisfied with their voices for the
longest periods of time. The reason none of these subjects

demonstrated loss of benefit after the 36-month time
point may be explained by the likelihood that patients
who had lost their benefit would have already returned
to the laryngology clinic for further treatment and there-
fore would not have been contacted by survey for recent
VHI-10 data. Thus, those who filled in the surveys may
represent a smaller group of patients with persistent
benefit who did not return for further evaluation. Regard-
less, in an effort to avoid any possibility of a reporting
bias in the long-term benefit group, subjects with a bene-
fit of less than 36 months were analyzed both as a
separate group and as part of the entire cohort for the
long-term average duration of benefit analysis.

Bias aside, why six of 22 subjects (27%) had a clear
persistence of benefit past 36 months (more than 50
months in 4 cases and 60 months in 1 case) must be
addressed. The postinjection VHI-10 scores clearly dem-
onstrated an improvement over the pre-VHI-10 scores,
and the most recent VHI-10 scores continued to demon-
strate the benefit of augmentation. The number of
subjects for statistical comparison between the group
that had a benefit longer than 36 months and the group
that had a benefit less than or equal to 36 months was
small; however, some areas of explanation for the longer
benefit can be addressed. The amount of CaHA injected
into the VFs was similar (P ¼ .5) for the pre- and post–
36-month time point groups. The ages of the subjects,
however, in the group that benefited longer than 36
months were statistically lower (P ¼ .02). There may be
a greater chance of reporting a long-term benefit in a
younger population because a cohort of older subjects
may have more deceased members and thus have less
people responding to the follow-up survey. Five of the six
subjects (83%) with a benefit greater than 36 months
had a diagnosis of UVFP, as compared with only six of
16 (38%) with a loss of benefit or benefit less than or
equal to 36 months. It is possible in the setting of UVFP
that the position of the VF can migrate medially over
time. If synkinesis of the recurrent nerve is present pro-
viding bulk to the thyroarytenoid-lateral cricoarytenoid
muscle complex and the VF position migrates in a favor-
able fashion, the perceived long-term benefit of the
CaHA injection may reflect this phenomenon despite the
material being most likely resorbed. Alternatively, the
nature of CaHA is to have resorption by the body’s
immune system with some fibrous ingrowth where the
material was placed. In the report by Chhetri et al., a
local foreign body reaction to the CaHA particles was
present, but neither signs of inflammation in the larynx
nor any evidence of CaHA in the regional cervical lymph
nodes was seen.16 It is less likely, but theoretically possi-
ble, that some patients experience enough of this fibrous
ingrowth to allow a long-term benefit.

Bilateral injections were seen in half of our sub-
jects, and this finding should be emphasized. A
unilateral diagnosis does not always warrant only a uni-
lateral injection; the experience of the surgeon should
determine whether or not to augment the mobile, oppo-
site VF in the setting of a unilateral process to afford
the best resolution of the underlying GI. In regard to the
question of using CaHA in otherwise young and healthy
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patients without a terminal diagnosis, only 20% of our
population had a terminal diagnosis at the time of
injection.

CONCLUSION
The benefit of CaHA as a VF augmentation mate-

rial was found to last an average of 18.6 months in the
majority of our patients. There were three complications
identified among 108 injections performed at our institu-
tion since April 2004, and all required operative removal
of the CaHA. No complication was due to the CaHA ma-
terial itself, and the technical problems encountered
could have been seen with other injectables. Attention
should be paid to avoid superficial injection and subglot-
tic injection. With appropriate experience and confidence
by the injecting physician, CaHA is safe to inject in the
office with use of local anesthesia. CaHA is a long-term
injectable with an excellent track record that does not
appear to warrant concern for permanent or late
complications.

BIBLIOGRAPHY

1. Rosen CA. Phonosurgical vocal fold injection: procedures and materials.
In: Rosen CA, Murry T, eds. The Otolaryngologic Clinics of North Amer-
ica: Voice Disorders and Phonosurgery II. Philadelphia, PA: W.B. Saun-
ders; 2000:1087–1096.

2. Brunings W. Uber eine neue Behandlungsmethode der Rekurrenslah-
mung. Vehr Ver Laryngol 1911;18:151.

3. Ford CN, Bless DM, Loftus JM. Role of injectable collagen in the treat-
ment of glottic insufficiency: a study of 119 patients. Ann Otol Rhinol
Laryngol 1992;101:237–247.

4. Laccourreye O, Papon JF, Kania R, Crevier-Buchman L, Brasnu D, Hans
S. Intracordal injection of autologous fat in patients with unilateral la-
ryngeal nerve paralysis: long-term results from the patient’s perspec-
tive. Laryngoscope 2003;113:541–545.

5. Karpenko AN, Dworkin JP, Meleca R, et al. Cymetra injection for unilat-
eral vocal fold paralysis. Ann Otol Rhinol Laryngol 2003;112:927–934.

6. Berke GS, Gerratt B, Kreiman J, Jackson K. Treatment of Parkinson
hypophonia with percutaneous collagen augmentation. Laryngoscope
1999;109:1295–1299.

7. Nishiyama K, Hirose H, Takashi M, et al. Long-term result of the new en-
doscopic vocal fold medialization surgical technique for laryngeal palsy.
Laryngoscope 2006;116:231–234.

8. Nakamura M, Ford CN, Bless DM. Teflon vocal fold augmentation: fail-
ures and management in 28 cases. Otolaryngol Head Neck Surg 1993;
109:493–498.

9. Rubin HJ. Pitfalls in treatment of dysphonia by intracordal injection of
synthetics. Laryngoscope 1965;75:1381–1397.

10. Jarcho M. Calcium phosphate ceramics as hard tissue prosthetics. Clin
Orthop Relat Res 1981;157:259–278.

11. Costantino PD, Friedman CD, Jones K, et al. Hydroxylapatite cement. I.
Basic chemistry and histologic properties. Arch Otolaryngol Head Neck
Surg 1991;117:379–384.

12. Friedman CD, Costantino PD, Jones K, et al. Hydroxylapatite cement. II.
Obliteration and reconstruction of the cat frontal sinus. Arch Otolaryn-
gol Head Neck Surg 1991;117:385–389.

13. Holmes RE, Hagler HK. Porous hydroxylapatite as a bone graft substitute
in cranial reconstruction: a histometric study. Plast Reconstr Surg 1988;
81:662–671.

14. Rosen CA, Thekdi AA. Vocal fold augmentation with injectable calcium
hydroxylapatite: short-term results. J Voice 2004;18:387–391.

15. Belafsky PC, Postma GN. Vocal fold augmentation with calcium hydroxy-
lapatite. Otolaryngol Head Neck Surg 2004;131:351–354.

16. Chhetri DK, Jahan-Parwar B, Hart SD, et al. Injection laryngoplasty with
calcium hydroxylapatite gel implant in an in vivo canine model. Ann
Otol Rhinol Laryngol 2004;113:259–264.

17. Caton T, Thibeault SL, Klemuk S, et al. Viscoelasticity of hyaluronan and
nonhyaluronan based vocal fold injectables: implications for mucosal
versus muscle use. Laryngoscope 2007;117:516–521.

18. Rosen CA, Gartner-Schmidt J, Casiano R, et al. Vocal fold augmentation
with calcium hydroxylapatite: twelve-month report. Laryngoscope 2009;
119:1033–1041.

19. Kwon T, An S, Ahn J, et al. Calcium hydroxylapatite injection laryngo-
plasty for the treatment of presbylaryngis: long-term results. Laryngo-
scope 2009;120:326–329.

20. Kwon TK, Buckmire R. Injection laryngoplasty for management of unilat-
eral vocal fold paralysis. Curr Opin Otolaryngol Head Neck Surg 2004;
12:538–542.

21. Chheda NN, Rosen CA, Belafsky PC, et al. Revision laryngeal surgery for
the suboptimal injection of calcium hydroxylapatite. Laryngoscope 2008;
118:2260–2263.

22. Gillespie MB, Dozier TS, Day TA, et al. Effectiveness of calcium hydroxy-
lapatite paste in vocal rehabilitation. Ann Otol Rhinol Laryngol 2009;
118:546–551.

23. Carroll TL, Rosen CA. Trial vocal fold injection. J Voice 2010;24:494–498.

Laryngoscope 121: February 2011 Carroll and Rosen: CaHA for Vocal Fold Augmentation

319


