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1. Abstract
Tendon saving stapedotomy is a delicate surgical technique which 
saves stapedius tendon while removing anterior and posterior crua 
of stapes. Preserving the incus-stapes tendon alignment during op-
eration might give a chance to human’s protective mechanism to 
recover acoustic reflex, which has a protective effect from baro-
trauma. Also, there are few more known benifits for tendon sav-
ing, such as improvement in noise filtering, stabilization of incus 
during prosthesis insertion and preservation of blood supply to 
distal incus. The authors present a case of 49-year-old female with 
bilateral otosclerosis, who received tendon saving stapedotomy in 
both ear. There was impared acoustic reflex at early postoperative 
phase, but the reflex was recovered 1 year after surgery. With a re-
view of literatures, authors report this case with a recommendation 
of tendon saving technique in stapedotomy.

2. Introduction
Acoustic reflex (stapedial reflex) is the human’s defense mecha-
nism against strong sound stimuli. Afferent auditory stimulation 
through the 8th cranial nerve is transmitted to the ventral cochler 
nucleus and superior olivary nucleus of the brainstem, and it un-
dergoes a process expressed by the efferent contraction of the sta-
pedius muscle through the 7th cranial nerve on both sides. Acous-
tic reflex is one of the most sensitive tests to measure the mobility 
of stapes, and it disappears in an advanced case of otosclerosis. In 
general, the threshold of acoustic reflex increases in proportion to 
the degree of hearing loss, and in severe hearing loss, the acoustic 
reflex also disappears. The threshold of acoustic reflex is mostly 
formed between 70-100dB HL based on pure tone stimulation [1], 

and the threshold is usually measured at four frequencies (500Hz, 
1kHz, 2kHz, 4kHz). Stapedotomy is a procedure to resolve oto-
sclerosis, and in most cases, it is performed either as an endaural 
approach or a transcanal approach under local anesthesia. The pur-
pose of stapedotomy is to obtain mobility of the ossicles by plac-
ing an appropriate length of piston wire between the incus and the 
stapes footplate after removing the fixed stapes. Before placing the 
piston wire, an opening is made near the posterior 1/2~1/3 of the 
stapes footplate and during this process, in most cases, the stapedi-
us tendon is sacrificed to get a better visualization for stapes crus. 
However, it is not impossible to selectively remove the anterior 
and posterior stapes crus while preserving the stapedius tendon. 
The authors performed a stapedotomy while preserving the stape-
dius tendon in both ears of a single patient at 7-year intervals, and 
experienced recovery of the acoustic reflex after at least 6 months 
of operation. With a review of literature, the authors report this 
case with a recommendation of tendon saving stapedotomy.

3. Case Presentation
A 49-year-old female patient with no past medical history visit-
ed our clinic complaining of progressive bilateral hearing loss. In 
the pure tone audiometry(PTA), the air conduction(AC) and bone 
conduction(BC) threshold of right side was 43 dB and 18 dB, and 
the left side was 44 dB and 17 dB. Carhart notch was observed 
in both ears, where the threshold of BC increased at 2 kHz level 
and the air-bone gap (AB gap) decreased. Acoustic reflex was not 
measured in both ear (Figure 1). Under the suspicion of bilater-
al otosclerosis, exploratory tympanotomy under local anesthesia 
was first performed on the left ear. During the operation, fixation 
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of the stapes was confirmed, and stapedotomy was done. The au-
thors preserved stapedius tendon, and finished the operation af-
ter the insertion of 4.7mm sized piston wire. The patient showed 
subjective hearing improvement during the operation. 3 months 
after the surgery, the patient received PTA and acoustic reflex 
measurement, and the AC threshold in the left ear improved to 28 
dB with decreased AB gap to 10 dB, but the acoustic reflex was 
still not measured. Afterwards, the patient did not visit the out-
patient clinic for personal reasons. 7 years later, the patient came 
to our outpatient clinic for progressively worsened hearing of the 
right ear. PTA showed 66dB of AC threshold in the right side with 
41dB of AB gap. AC threshold in the left side was 33dB without 
AB gap, confirming the good outcome of previous tendon saving 
stapedotomy. On the acoustic reflex test, there was no response on 
the right side, but the acoustic reflex was measured on the left side 

(Figure 2). There was no specific finding in the endoscopic exam 
and the temporal bone computed tomography(TBCT) showed bi-
lateral spongiosis of fissula ante fenestrum (Figure 3). Under the 
local anesthesia, an endaural stapedotomy was performed, and the 
stapedius tendon was preserved in the same way as in the previous 
stapedotomy of the left ear (Figure 4). The authors inserted 4.5mm 
sized piston wire, and the patient showed subjective hearing im-
provement during the operation. 6 months after the surgery, PTA 
showed improvement of AC threshold to 31dB wihout AB gap, 
but there was no acoustic reflex measured in the right ear. Howev-
er, the acoustic reflex was measured on both sides at 1 year after 
the operation, confirming the recovery of the acoustic reflex after 
the tendon saving stapedotomy (Figure 5). The patient has been 
followed up regularly at our outpatient clinic without any specific 
complications.

Figure 1: Primary PTA and Acoustic Reflex. “A” in the table means absence of reflex in the test. (A) Audiometry showed binaural conductive hearing 
loss with Carhart notch. (B) There was no acoustic reflex presented in both ear.

Figure 2: PTA and acoustic reflex after 7 years of follow up loss. (A) Hearing of operated ear(Lt) was well preserved. Hearing of non-operated ear(Rt) 
was exacerbated(from 43dB to 61dB) with increased air-bone conduction gap(from 25dB to 41dB) compared to previous audiometry(7 years ago). (B) 
“A” in the table means absence of reflex in the test. Unlike the Rt ear, Lt ear showed acoustic reflex. Considering that Lt ear didn’t showed acoustic 
reflex 3 months after previous operation, authors thought that remodeling of lenticular process-stapes head-tendon alignment may take time to be in a 
straight line. 
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Figure 3: Preoperative(Rt) CT scan finding. (A) Preoperative CT scan showed lucent change of fissula ante fenestram(blue arrow 1) in Rt ear. (B) 
Previously inserted piston wire in Lt ear(blue arrow 2) was well in situ.

Figure 4: Intraoperative finding(Rt). The authors saved stapes head(arrow 1)-stapedius tendon(arrow 2)-pyramidal eminence(arrow 3) alignment in-
traoperatively. The 4.5mm piston wire was placed in long process of incus(astrix). During the operation, anterior crura of stapes was scissored cut and 
posterior crura of stapes was evaporated(blue arrow) by KTP laser.

Figure 5: Postoperative(Rt) PTA and Acoustic Reflex. (A) Postoperative audiometry showed much improvement of hearing without remnant air-bone 
conduction gap in Rt ear. (B) “110” in the table means absence of acoustic reflex in the test. Acoustic reflex in the right ear was not measured 6 months 
after operation. The authors thought that biological remodeling of alignment was still in progress. (C) 1 year after operation, acoustic reflex of Rt ear 
was finally recovered. The authors confirmed that preserving stapedius tendon in stapedotomy showed restoration of acoustic reflex in both ear. The 
required period for recovery is thought to be at least 6 months. 

4. Discussion
The middle ear converts sound energy from the external ear into 
physical vibration energy, and transmits it to the inner ear. Con-
traction of stapedius tendon stiffens the ossicular chain, and effects 
the masking of low frequency hearing (lower than 1~2kHz) [2]. 
The stapedius muscle, which located inside the pyramidal emi-

nence, is connected to the stapes neck through the stapedius ten-
don, and the contraction of the stapedius muscle is transmitted to 
the ossicles through delicate anatomical alignment. Acoustically, 
contraction of the stapedius muscle increases hearing ability in the 
noise setting, and also has the effect of protecting the inner ear 
from strong sound stimuli. The protective action of the stapedius 
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muscle can be confirmed through acoustic reflexes, and it is eval-
uated by checking decreasd elasticity of tympanic membrane due 
to the contraction of the stapedius muscle and the stiffness of the 
ossicle chain.  In the past, stapes mobilization by Rosen (1952) or 
stapedectomy by Shea (1956) were tried to treat otosclerosis [3,4], 
and nowadays they are replaced by stapedotomy using microdrills 
or lasers. Since the 1980s, the necessity of saving the stapedius 
tendon during stapedotomy has been continuously discussed, but 
in the early days of 1980s, it was argued that the tendon saving 
stapedotomy was not recommended because of increased rate of 
reoperation and no benefitial effect in hearing after surgery [5]. 
However, according to subsequent literatures, the actual reopera-
tion frequency were not differed by saving the stapedius tendon, 
and moreover, the hearing ability tended to be better in a noisy 
environment regardless of the hearing gain. Also in terms of pre-
serving the physiological structure of the human nature anatomy, 
tendon saving stapedotomy seemed to be more reasonable than 
sacrificing it [6-12]. In addition, there was opinion that saving ten-
don is advantageous because the physical stability of the incus is 
improved during the prosthesis replacement, and it is anatomically 
possible to maintain blood flow near the lenticular process [9]. The 
required period for the recovery of the acoustic reflex after pres-
ervation of the stapedius tendon is still unclear. In 1996, Causse 
reported at the American Otological Society Meeting that recovery 
of the acoustic reflex was observed after 1 year in 75% of patients 
who underwent stapedotomy and reconstruction of the stapedius 
tendon at the same time, but there was no further studies reported. 
In this case, the authors confirmed that the acoustic reflex did not 
recovered until 3 months after surgery in the left ear and 6 months 
after surgery in the right ear, and in the case of the right ear, it 
was confirmed that the acoustic reflex was recovered 1 year after 
surger. So it was inferred that it would take at least 6 months to re-
cover the acoustic reflex after preservation of the stapedius tendon. 
This can be understood as the period required for the structural 
alignment from the pyramidal eminence to the stapedius tendon, 
stapes neck, and lenticular process to have a contractile function 
for sound stimuli through biological remodeling. And also recov-
ery itself means that the innate human defense mechanism is alive. 
The mere fact that the acoustic reflex can be recovered thought 
to be sufficient enough evidence for saving the stapedius tendon. 
According to what is known so far, the tendon saving stapedotomy 
does not increase the frequency of postoperative complications or 
the possibility of hearing loss, and considering the aspect of pre-
serving the physiological structure of the human body, it should be 
actively attempted. However, due to technical difficulties, enough 
experience of the operator is required, and additional understand-
ing of the benefits of the tendon saving staepdotomy is needed 
through future studies. Moreover, one should understood that re-
covery of the acoustic reflex may take several months after the 
operation.
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