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Purpose: To investigate in vivo corneal changes of genetically confirmed Reis–Bücklers 
corneal dystrophy (RBCD) and Thiel–Behnke corneal dystrophy (TBCD) using anterior 
segment optical coherence tomography (AS-OCT).
Design: A single-center, prospective, comparative case series.
Methods: Seven patients from 3 pedigrees (3 males, 4 females) with RBCD [Arg124Leu 
(R124L) heterozygous missense mutation of human transforming growth factor beta-induced 
(TGFBI) gene] and 4 patients from 3 pedigrees (3 males, 1 female) with TBCD [Arg555Gln 
(R555Q) heterozygous missense mutation of TGFBI gene] were examined. Six patients with 
RBCD and three patients with TBCD exhibited recurrence after corneal surgery including pene-
trating keratoplasty, phototherapeutic keratectomy, and electrolysis. All patients were examined by 
slit-lamp biomicroscopy followed by AS-OCT. Selected AS-OCT images of the cornea were 
evaluated qualitatively for changes in shape and degree of light reflection of corneal deposits.
Results: Slit-lamp biomicroscopy showed characteristic irregular gray opacities in 
Bowman’s layer in each dystrophy: a geographic pattern in RBCD and a honeycomb pattern 
in TBCD. In each dystrophy, distinct characteristic deposits were observed by AS-OCT as 
a banding lesion in Bowman’s layer and its adjacent epithelium/stroma. In RBCD, the 
banding lesion was highly reflective and sharply margined at the stroma. In contrast, deposits 
in TBCD in the same layer showed a saw-tooth pattern toward the epithelium and poorly 
margined at the stroma.
Conclusion: AS-OCT is able to clearly identify characteristic in vivo corneal microstruc-
tural changes associated with RBCD and TBCD. As a result, in vivo differentiation of RBCD 
and TBCD can be achieved.
Keywords: Reis–Bücklers corneal dystrophy, Thiel–Behnke corneal dystrophy, anterior 
segment optical coherence tomography, genetic mutational analysis, human transforming 
growth factor beta-induced gene, TGFBI

Introduction
The Bowman’s layer is a smooth, non-regenerating, acellular layer located between 
the superficial epithelium and the stroma in the cornea.1 To date, two distinct types 
of corneal dystrophies that mainly affect Bowman’s layer have been recognized: 
Reis–Bücklers corneal dystrophy (RBCD) and Thiel–Behnke corneal dystrophy 
(TBCD).2–5 RBCD is a bilateral and autosomal dominant inherited disease that 
develops early in childhood; it is also characterized by recurrent painful erosions, 
corneal opacities in a geographic pattern in Bowman’s layer, and a progressive 
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decrease of visual acuity.2,3 Similar to RBCD, TBCD, or 
honeycomb corneal dystrophy,4 is an autosomal dominant 
corneal dystrophy of Bowman’s layer that has 
a characteristic, bilateral, honeycomb arrangement of sub-
epithelial corneal opacities which appear between the ages 
of 10–20 years. It also presents with frequently recurrent 
epithelial erosions. Genetic analysis has revealed that the 
dystrophies are caused by different mutations of the same 
gene, human transforming growth factor beta-induced 
gene (TGFBI).5 RBCD is caused by Arg124Leu (R124L) 
heterozygous missense mutation of the TGFBI gene, and 
TBCD is caused by an Arg555Gln (R555Q) heterozygous 
missense mutation.6,7 The International Committee for 
Classification of Corneal Dystrophies (IC3D) has recently 
categorized these dystrophies as “epithelial–stromal 
TGFBI dystrophies”.8

Recent advances in imaging device technology in the 
corneal research and clinical fields enable in vivo analy-
sis of the cornea. Both in vivo laser confocal microscopy 
(IVCM) and anterior segment optical coherence tomogra-
phy (AS-OCT) are useful for clinical diagnosis and fol-
lowing the clinical course of corneal diseases.9–20 We 
have previously characterized in vivo histology of these 
dystrophies and reported the usefulness of IVCM in 
differential diagnosis of these dystrophies.9 AS-OCT 
allows contactless and less invasive corneal imaging in 
real time from the epithelium to the endothelium in vivo. 
For now, only a few case series have been reported using 
AS-OCT on patients with RBCD and TBCD 
independently.15–17 In this study, we investigate in vivo 
characteristics of the cornea using high-resolution AS- 
OCT in patients with genetically confirmed RBCD and 
TBCD to determine the usefulness of the AS-OCT in 
differentiating these two dystrophies.

Materials and Methods
This single-center prospective research plan was approved 
by the Medical Ethics Committee of Kanazawa University 
(approval number: 2720), and human patient sample col-
lection strictly followed the Association for Research in 
Vision and Ophthalmology (ARVO) statement on human 
subjects and the ethical principles of the Declaration of 
Helsinki. Written informed consent was obtained from all 
participants before enrollment into this study.

Seven patients from 3 pedigrees (3 males, 4 females) 
with RBCD and 4 patients from 3 pedigrees (3 males, 1 
female) with TBCD were examined. The patients were first 
examined and photographed with slit-lamp biomicroscopy. 

Then, AS-OCT (RTVue-100 Optovue Inc, Fremont, 
California, USA) was performed followed by blood sample 
collection which was tested for genetic mutational analysis 
using polymerase chain reaction (PCR) upon written 
informed consent. Selected high-quality AS-OCT images 
of the cornea with scan quality index more than 60 were 
evaluated qualitatively for changes in the shape and degree 
of light reflection. Genetic mutation analysis of the TGFBI 
gene was performed on all patients enrolled.

Anterior Segment Optical Coherence 
Tomography (AS-OCT)
All patients were examined using AS-OCT with a corneal 
adaptor module. This system captures 26,000 A-scans 
per second and has a laser diode of 840nm and an axial 
resolution of 5μm. Line images obtained by the AS-OCT 
were used in this study. All images were acquired by an 
experienced examiner. Images were evaluated with special 
attention to changes in the degree of the reflectivity of 
each corneal layer.

Results
Genetic mutational analysis by PCR confirmed a R124L het-
erozygous missense mutation of the TGFBI gene in all RBCD 
patients, and a R555Q heterozygous missense mutation of the 
TGFBI gene in all TBCD patients (Table 1). Table 1 sum-
marizes demographic data, history of corneal surgery, and AS- 
OCT findings of all patients. Six patients with RBCD and 
three patients with TBCD exhibited recurrence after corneal 
surgery including penetrating keratoplasty (PK), photothera-
peutic keratectomy (PTK), and electrolysis.21 The examiner 
was masked as to the clinical and genetic status of the source 
of the images.

Slit-Lamp Biomicroscopy
In the patients with RBCD, slit-lamp biomicroscopy 
revealed bilateral, gray, amorphous, geographic opacities 
of various sizes in Bowman’s layer of the central and mid- 
peripheral cornea (Figure 1A and B). In the peripheral 
cornea, opacities were separated from the limbus by 
a clear zone. In cases that had undergone PK (cases 1, 3, 
and 6), a similar geographic opacity was observed on the 
host as well as the grafted corneas at Bowman’s layer 
(Figure 1C). In the recurrent case after PTK and electrolysis 
(case 4), a similar geographic opacity was observed in 
Bowman’s layer (Figure 1D). Fluorescein staining was 
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negative in all cases. The deep stroma, Descemet’s mem-
brane, and endothelium presented as normal.

In cases with TBCD, honeycomb-shaped gray opacities 
were observed in Bowman’s layer (Figure 2A–C). The 
opacities were located near the central cornea. In the 
cases that had undergone PK (cases 10 and 11), the similar 
weak honeycomb-shaped opacities were observed on the 
host and grafted corneas at Bowman’s layer. The corneal 
epithelium, deep stroma, Descemet’s membrane, and 
endothelium presented as normal. Fluorescein staining 
was negative in all patients.

Anterior Segment Optical Coherence 
Tomography (AS-OCT)
Table 1 summarizes in vivo AS-OCT findings for all patients 
enrolled in this study. In patients with RBCD who had not 
undergone PK (cases 2, 4, and 5), distinct characteristic 
deposits were observed as a highly reflective, continuous, 
and sharply margined thin/thick band in Bowman’s layer, 
adjacent epithelium, and stroma (Figure 3A and B). The band 

lesion became thinner in the periphery and disappeared at the 
corneal limbus. Recurrence of the geographic lesion after PK 
was observed as a highly reflective thin band in Bowman’s 
layer (Figure 3C). Recurrence of the geographic lesion after 
PTK and electrolysis presented as a highly reflective band 
with some irregularities in Bowman’s layer (Figure 3D).

In contrast, deposits in the cornea of TBCD patients in 
Bowman’s layer were moderately reflective, continuous, 
and poorly margined in the stroma (Figure 4A–C). The 
deposits showed a thick band in Bowman’s layer and 
a saw-tooth pattern toward the corneal epithelium. The 
thickness of this band lesion was almost the same between 
the central and peripheral cornea. The lesion in TBCD was 
much less reflective compared with that in RBCD, and less 
distinct in the adjacent stroma. Corneal surface irregula-
rities were not observed by AS-OCT.

In both dystrophies, the deep stromal layer was clear 
without any abnormal deposits, and Descemet’s membrane 
and endothelial layer was also unremarkable in all eleven 
patients.

Table 1 Clinical and AS-OCT Findings of Bowman’s Layer Dystrophies (Epithelial–Stromal TGFBI Dystrophies)

Patient Pedigree Age/ 

Sex 

(Years)

Diagnosis TGFBI 

Mutation

BCVA 

(OD/ 

OS)

History of Corneal 

Surgery

AS-OCT Findings of Bowman’s Layer**

1 1 (proband) 46/F RBCD Arg124Leu 0.4/0.7 PK (OU) Highly reflective banding lesion (host: thick, donor: 

thin)

2 1 (daughter of patient 1) 8/F RBCD Arg124Leu 0.6/0.9 None Highly reflective thin banding lesion

3 2 (proband) 72/F RBCD Arg124Leu 0.1/0.2 PK, PTK, Electrolysis 

(OU)

Highly reflective thick banding lesion

4 2 (daughter of patient 3) 50/F RBCD Arg124Leu 0.6/0.8 PTK, Electrolysis (OU) Highly reflective thick banding lesion

5 2 (grandson of patient 3) 15/M RBCD Arg124Leu 1.0/1.0 Electrolysis (OU) Highly reflective thick banding lesion

6 3 (proband) 58/M RBCD Arg124Leu 0.03/0.5 PK, Electrolysis (OU) Highly reflective thick banding lesion

7 3 (son of patient 6) 26/M RBCD Arg124Leu 1.0/1.0 Electrolysis (OU) Highly reflective thick banding lesion

8 4 (proband) 70/M TBCD Arg555Gln 0.5/0.3 PTK (OS) Moderately highly reflective thick banding lesion 

with saw-tooth pattern toward epithelium

9 4 (daughter of patient 8) 44/F TBCD Arg555Gln 0.5/0.7 None Moderately highly reflective thick banding lesion 

with saw-tooth pattern toward epithelium

10 5 65/M TBCD Arg555Gln 0.4/1.0 PK (OS) Moderately highly reflective thick banding lesion 

with saw-tooth pattern toward epithelium

11 6 44/M TBCD Arg555Gln 0.15/0.5 LKP, DALK, PK (OS) Moderately highly reflective thick banding lesion 

with saw-tooth pattern toward epithelium (OD 

and host OS), normal in donor (OS)

Note: **Epithelium, stroma and endothelium were normal as observed by AS-OCT in all patients. 
Abbreviations: RBCD, Reis–Bücklers corneal dystrophy; TBCD, Thiel–Behnke corneal dystrophy; F, female; M, male; FBS, foreign body sensation; BCVA, best-corrected 
visual acuity; OD, oculus dexter; OS, oculus sinister.
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Discussion
Herein, we demonstrated in vivo microstructural character-
istics of the cornea in genetically confirmed RBCD and 
TBCD cases using high-resolution AS-OCT. Distinct char-
acteristic AS-OCT findings were observed: a highly reflec-
tive, clearly margined band in Bowman’s layer in RBCD, and 
a moderately reflective, poorly margined lesion with saw- 
tooth pattern toward the corneal epithelium in Bowman’s 
layer in TBCD. These characteristics were also consistent 
in the recurrent corneal graft. Previously, a few case studies 
used AS-OCT to describe the corneal changes in RBCD and 
TBCD independently.15–17 However, there has not been 
a prospective comparative study using an identical device. 
We are unable to find any references concerning the compar-
ison of high-quality AS-OCT findings of these Bowman’s 
layer dystrophies through a PubMed search (as of 

2019 August 4). Therefore, we are now certain that AS- 
OCT has been proven quite useful in differential diagnosis 
of RBCD and TBCD in vivo in real time.

In clinical practice, it has been challenging to distinguish 
between RBCD and TBCD,1–5 since the corneal appearance 
of these dystrophies looks quite similar, and most ophthal-
mologists are not familiar with these rare diseases. 
Histologically, RBCD shows the absence of Bowman’s 
layer and granular dystrophy-type Masson-positive materials 
widely dispersed in thin bands beneath the epithelium, above 
and below what remains of Bowman’s layer.22 On the other 
hand, TBCD shows the presence of a thick band of variable 
thickness consisting of hyaline, avascular, paucicellular con-
nective tissue beneath the epithelium, which largely obliter-
ates Bowman’s layer.22 These histological characteristics are 
quite consistent with those images obtained by AS-OCT in 

Figure 1 Slit-lamp biomicroscopy images of RBCD patients. (A) Slit-lamp biomicroscopy in the right eye of case 2 (8-year-old female) demonstrating gray, amorphous, 
geographic opacities of various sizes in Bowman’s layer in the central and mid-peripheral cornea. (B) Slit-lamp biomicroscopy in the right eye of case 5 (15-year-old male), 
demonstrating gray confluent opacities in Bowman’s layer in the central and mid-peripheral cornea. (C) Recurrence of RBCD after penetrating keratoplasty in the right eye 
of case 1. A similar geographic opacity was observed on the host and grafted corneas in Bowman’s layer. (D) Recurrence of RBCD after phototherapeutic keratectomy and 
electrolysis in the right eye of case 4. A similar geographic opacity recurred in Bowman’s layer.
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both dystrophies. Historically, electron microscopy has been 
used as a diagnostic tool for these dystrophies; RBCD shows 
numerous electron-dense rod-shaped deposits in the epithe-
lial and Bowman’s layer, and TBCD shows fibrous material 
appearing as twisted “curly fibers” measuring 9 to 10 nm in 
diameter.22 The advancement of molecular biology techni-
ques enabled precise differential diagnosis of these dystro-
phies: RBCD is caused by an R124L mutation of the TGFBI 
gene and TBCD is caused by an R555Q mutation of the 
TGFBI gene.5,6

We have previously reported that IVCM is able to 
distinguish these dystrophies. The deposits in Bowman’s 
layer in RBCD showed high reflectivity of small granular 
materials without any shadows, and the deposits in 
Bowman’s layer in TBCD showed homogeneous reflectiv-
ity with round-shaped edges accompanying dark 
shadows.9 High reflectivity of the deposits in RBCD and 

moderate reflectivity of the deposits in TBCD observed by 
IVCM were consistent with the results obtained by AS- 
OCT in this study. However, “en face” IVCM images of 
granular materials without any shadows in RBCD and 
round-shaped edges accompanying dark shadows in 
TBCD were not evident by cross-section images obtained 
by AS-OCT. Further development of en face AS-OCT 
technology and/or increased resolution of AS-OCT may 
enable the collection of histology-like images with this 
device. Currently, volumetric imaging technique is 
improved in Fourier-domain full-field optical coherence 
tomography (FD-FF-OCT). Therefore, using FD-FF- 
OCT, high-resolution, high-speed, non-contact corneal 
volumetric imaging in vivo can be acquired.23 The 
acquired images may reveal corneal microstructures, such 
as epithelium, stroma and endothelium, as well as subbasal 
nerves in these dystrophies.

Figure 2 Slit-lamp biomicroscopy images of TBCD patients. (A) Slit-lamp biomicroscopy in the right eye of patient 8 revealed honeycomb-shaped gray opacities in Bowman’s 
layer. (B) Slit-lamp biomicroscopy in the right eye of patient 9 revealed honeycomb-shaped gray opacities in Bowman’s layer. (C) Slit-lamp biomicroscopy in the right eye of 
patient 11 revealed honeycomb-shaped gray opacities in Bowman’s layer.
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Estimating the depth of opacities or morphological 
changes in corneal dystrophy cases is of paramount impor-
tance for choosing treatment options. Currently, several surgi-
cal options are available to treat Bowman’s layer dystrophies: 
PTK, PK, deep anterior lamellar keratoplasty (DALK), and 
electrolysis. Clinical manifestation of TBCD is usually not 
severe, therefore, alleviating painful episodes due to corneal 
epithelial erosion may be enough. However, the corneal lesion 
of RBCD sometimes causes a severe decrease of visual acuity 
as well as eye pain. We prefer to choose electrolysis for 
patients of RBCD when the corneal dystrophy is not so severe, 
since it does not alter corneal refraction.21 Electrolysis is quite 

effective to improve the visual acuity without refractive 
changes that are seen with PTK.21 However, severe and long-
standing cases of RBCD like case 1 in this study may require 
PTK and/or PK, since the subepithelial opacities can progress 
deeper into the stroma. In this situation, AS-OCT may be 
useful to precisely measure the depth of the lesion to help 
choose a proper treatment option.

In conclusion, AS-OCT is able to clearly identify charac-
teristic in vivo corneal microstructural changes associated with 
RBCD and TBCD with high resolution, and it could help in 
differentiation of RBCD and TBCD. In addition, this device 
may also be valuable for further research into corneal dystro-
phies, especially to elucidate the pathogenesis and natural 
course of these Bowman’s layer dystrophies and other similar 
corneal dystrophies.

Meeting Presentation
The abstract of this paper was presented at the ARVO 
2019 Annual Meeting as an abstract presentation with 
interim findings. The poster’s abstract was published in 

Figure 3 AS-OCT images of the cornea in patients with RBCD. Bar=250μm. Field 
of view caption is indicated at the lower left of each figures. (A) AS-OCT images of 
the right eye of case 2 showed a highly reflective, continuous, and sharply margined 
thin band in Bowman’s layer. (B) AS-OCT images of the cornea of the right eye of 
case 5 showed a highly reflective, continuous, and sharply margined thick band in 
Bowman’s layer. The band lesion became thinner in the periphery and disappeared 
before meeting the corneal limbus. (C) Recurrence of the geographic lesion after 
penetrating keratoplasty in case 1 was observed as a highly reflective thin band in 
Bowman’s layer (arrow). (D) Recurrence of the geographic lesion after photother-
apeutic keratectomy and electrolysis in the right eye of case 4 showed a highly 
reflective band with some irregularities in Bowman’s layer.

Figure 4 AS-OCT images of the cornea in patients with TBCD. Bar=250μm. Field 
of view caption is indicated at the lower left of each figures. (A) AS-OCT images of 
the cornea in the right eye of case 8 showed a moderately reflective, thick-banded 
lesion with a saw-tooth pattern toward the corneal epithelium in Bowman’s layer. 
(B) AS-OCT images of the cornea in the right eye of case 9 showed a similar 
presentation as case 8. (C) AS-OCT images of the cornea in the right eye of case 11 
showed a similar presentation as case 8.
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