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Abstract: Objective: The intraocular foreign bodies (IOFBs) belong to the special ocular trauma. Diagnostic values 
(ultrasonography, CT/computed tomography and MRI/magnetic resonance imaging) of different imaging technolo-
gies for IOFBs in rabbit vitreous body were evaluated for clinical diagnosis. Methods: A total of 240 healthy rabbits 
were involved, 192 receiving the wooden IOFBs (f = 0.2 mm; different in lengths, materials and moisture states) 
implantation in the right vitreous. Imageological diagnosis was conducted 2 h, 2 weeks and 4 weeks after the sur-
gery with the characteristics recorded and compared. Subsequently, the right eyebulb was extracted for pathological 
examination. Results: The detected IOFBs were punctate or linear low signals on MRI and showed strong echo of 
the light spot on sonogram. For 192 IOFBs, the detection rates were 49.5% and 71.4% for MRI and ultrasonogra-
phy, respectively, with the minimum detectable length of 0.5 mm. The detection rates increased with the length. 
The detection rates of ultrasonography were significantly higher than those of MRI towards dry pine and China rose 
(P<0.05). Length was the major factor affecting the MRI detection rates, while the ultrasonography was unaffected 
by the length, material and moisture state. Detected diameters by MRI (0.227±0.045 mm) and the ultrasonography 
(0.250±0.050 mm) were extremely different from the actual diameter (P<0.001). Complication detection rates of 
IOFBs (Length = 2 mm) at 2 h, 2 w, and 4 w after the implantation among MRI, CT and ultrasonography differed 
insignificantly. Conclusion: MRI and ultrasonography were effective in diagnosing the IOFBs in rabbit ocular.

Keywords: Intraocular foreign bodies, vitreous body, magnetic resonance imaging, computer tomography, ultraso-
nography

Introduction

Ocular trauma is one common ophthalmic 
emergency inducing changes of optical ana-
tomical structure and function, or even blinding 
[1-3]. Intraocular foreign bodies (IOFBs) are par-
ticularly serious in the ocular trauma, which 
usually happen to people of any age, esp. young 
adults and children at home or working place. 
IOFBs cause mechanical damages and the 
microbic infection during the retention inside 
the eyebulb or the orbital cavity [4]. Several 
complications could be generated due to the 
IOFBs stimulation to the ocular tissue. IOFBs 
are often accompanied with ocular perforating 
injuries and the retina/optic nerve injuries (e.g. 
sympathetic ophthalmia) impairing the bilateral 
visual function. For IOFBs inside the vitreous 
body, the inflammation will lead to the prolifera-

tive vitreoretinapathy and tractional detach-
ment of retina, and the irreversible changes 
(e.g. blindness) eventually. Hence it’s crucial for 
patients to remove the IOFBs timely and recov-
er the visual function. 

Mostly, IOFBs are caused by the firewood injury, 
branch puncture and blast injury, etc., inducing 
major ocular damages and inflammatory infec-
tions though infrequent. When entering the eye-
socket under high speed, the IOFBs leaves neg-
ligible surface wound and heals fast, retarding 
patients from timely treatment [5, 6]. Wooden 
IOFBs are easily fractured due to the high brit-
tleness and no broken ends can be detected, 
consequently causing misdiagnosis and missed 
diagnosis. Accurate and efficient detection is 
essential to the effective treatment and 
improvement of postoperative visual function.
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With the development of imaging technology, 
ultrasonography (US), computed tomography 
(CT) and magnetic resonance imaging (MRI) 
have been extensively applied in the field of 
ophthalmology. The ultrasonography detection 
is unaffected by the IOFBs nature, realizing the 
real-time dynamic observation of ocular wall, 
lens, vitreous and the surrounding tissue struc-
ture. This technology is advantageous to the 
IOFBs location, but unclearly reveals those at 
the anterior segment and unfit for open wounds 
[7]. With high density resolution, CT distinctly 
illustrates the high-density IOFBs and reveals 
the positional information through three-di- 
mensional reconstruction. But it’s inappropri-
ate for the detection of the low-density IOFBs 
and the induced complications [8-10]. Chara- 
cterized by the high soft tissue resolution, MRI 
is sensitive to the non-magnetic low-density 
IOFBs, and presents the complications. But it’s 
confined to the non-metallics, which can cause 
the movement of metals [11]. MRI has shown 
more remarkable advantages in optical trau-
mas than CT, esp. in the imaging resolution of 
soft tissue (e.g. the optic nerve, optic chiasma 
and orbital contents) and in the characteriza-
tion of intraocular non-magnetic foreign bodies 
(e.g. the wooden IOFBs and plastics) [12, 13].  
It has been reported that MRI can investigate 
the damage of blood-retinal barrier and the reti-
nal oxygenation reaction, which would become 
one of the main method in evaluating the reti-
nal function [14]. In addition, MRI is suited for 
the assessment of vascular damage, providing 
rational basis for the clinical removal of foreign 
body [15]. The ultrasonography, CT and MRI 
can complement each other with their respec-
tive advantages in the diagnosis of IOFBs for 
improving the accuracy of location and detec-
tion and reducing the complications.

Based on the previous research, the paper was 
designed to optimize the parameters and utilize 
the ultrasonography, CT and MRI in the diagno-
sis of wooden IOFBs inside the rabbit vitreous. 
Through animal experiments, the imageological 
characteristics of wooden IOFBs (different in 
length, material and moisture states) were 
determined and compared for benefiting the cli-
nicians to select effective methods in the diag-
nosis of IOFBs. 

Materials and methods

Animals and wooden IOFBs

A total of 240 healthy Japanese rabbits (male/
female; 2.0-2.5 Kg in weight; normal binocular 

vision) were obtained (Henan Kangda Labo- 
ratory Animal Co., Ltd., Zhengzhou, China). 

Xylem parts of poplar (Salicaceae, Timber), 
paulownia (Sterculiaceae, Timber), pine (Pina- 
ceae, Timber) and China rose (Rosaceae, 
Shrub) were selected for the implantation and 
gauged by the vernier caliper to be trimmed 
into cylinders (f = 0.2 mm) with different leng- 
ths (0.2 mm, 0.5 mm, 1.0 mm, and 2.0 mm, 
respectively). Xylems from fresh branches were 
defined as wet IOFBs, while those insolated for 
one month were recognized as dry IOFBs.

192 Animals were randomly selected and di- 
vided into four groups according to the lengths 
(48 rabbits per group), each of which was sub-
grouped by the materials (12 rabbits per sub-
group). And then each subgroup was further 
divided by the moisture states (6 rabbits per 
experimental group). Other 48 rabbits were 
randomly divided into three groups for 
reference. 

Animal models

Fasting and water-deprivation of experimental 
animals were performed 8 h before the implan-
tation. Adequate amount of chloral hydrate 
(10%, 0.3 g/kg) was applied for transperitoneal 
induction of general anesthesia. Animals were 
maintained left lateral position and settled on 
the experiment table after anesthesia. The con-
junctival layer (the avascular area), 3 mm above 
the limbus cornea of right eye, was cut off by 
sterile eye scissors. Sclera was fully exposed 
and then punctured with 1 mL sterile syringe. 
Wooden IOFBs were slowly lowered into the 
right vitreous with ophthalmic forceps. And the 
puncture site was sewed up with 8-0 absorb-
able sutures. Ofloxacin ointment was applied 
onto the injured right eye. Animals implanted 
with IOFBs (Length = 2 mm) were examined by 
the ultrasonography, CT and MRI, respectively, 
2 h after the puncture. Preliminary tests indi-
cated that CT could not detect wooden IOFBs (f 
= 0.2 mm) with length of 3 mm. Then rabbits in 
experimental groups implanted with wooden 
IOFBs with length of 1 mm, 0.5 mm and 0.2 
mm were not diagnosed by CT. After the ima-
geological inspection, two rabbits were ran-
domly selected for immediate ocular enucle-
ation and pathological examination. Remnant 
four rabbits in each experimental group were 
fed 2 weeks and then performed the same ima-
geological examination. Two rabbits were ran-
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domly selected for ocular enucleation and sub-
sequent pathological examination. And the re- 
maining two rabbits in each sub-subgroup were 
fed for another 2 weeks (4 weeks after the sur-
gery) and treated with the above examination 
procedure. Right vitreous of rabbits in the refer-
ence groups were traumatic for the similar 
puncture without foreign body implanted to 
exclude the pathological change caused by 
operative wound. Then ocular enucleation and 
pathological examination were conducted with-
in the intervals in the experimental groups (2 h, 
2 weeks and 4 weeks after the surgery, respec-
tively). Daily chloramphenicol eye drops were 
regularly applied on the surgical eye during the 
dynamic observation of experimental animals.

MRI examination

All experiments were conducted on a Siemens 
3.0 T Verio Scanner System. Head of experi-
mental rabbit was centered into the dedicated 
coil (Shanghai Chenguang Medical Instrument 
Co., LTD.) in prone position to keep gaze down-
wards. Three-dimensional positioning images 
of the transverse plane, sagittal plane and cor-
onal plane were obtained. Then axial scanning, 
oblique sagittal scanning and coronal scanning 
were conducted on the whole eye socket suc-
cessively. Baseline of transverse scanning was 
perpendicular to the hard palate, while those of 
oblique sagittal scanning and coronal scanning 
were parallel to the optic nerve and the hard 
palate, respectively. T1 weighted imaging (T1WI) 
and T2 weighted imaging (T2WI) scanning 
sequence were selected in this paper.

Scanning parameters of T1WI were as follows: 
TR/TE = 604.0 ms/13.0 ms, thickness = 1 mm, 
spatial resolution = 0.4 mm×0.4 mm×1.0 mm 
and field of view (FOV) = 10 cm×10 cm. 
Scanning parameters of T2WI involved: TR/TE = 
4260.0 ms/73.0 ms, thickness = 1 mm, spatial 
resolution = 0.3 mm×0.3 mm×1.0 mm and FOV 
= 10 cm×10 cm. For PDWI, the scanning param-
eters were TR/TE = 2500.0 ms/12.0 ms, thick-
ness = 1 mm, spatial resolution = 0.4 mm×0.4 
mm×1.0 mm and FOV = 10 cm×10 cm. 

Original data and images were all sent to the 
Siemens 3.0 T Syngo post-processing worksta-
tion to record the number of detected foreign 
bodies and complication cases and then the 
diameters were calculated. 

CT examination

CT examination was conducted by the High-
definition Discovery CT750HD (GE Healthcare). 
The scanning parameters and reconstruction 
methods were as followed: tube voltage = 80 
Kv, tube current = 200 As, speed = 0.8 sec/rev, 
pitch = 0.984:1, slice thickness = 1.25 mm, 
intra-layer spacing = 1.25 mm. Original data 
and reconstruction images of all experimental 
animals were transferred to the Advanced 
Workstation (AW 4.4). The spectrum scanning 
was chosen.

Transverse scan in bottom-up direction was 
first selected with the same baseline as the 
MRI. Experimental animals were settled in 
prone position with eyes straight forward. The 
sagittal and coronal reconstruction could be 
performed when necessary. Without the blood 
supply, IOFBs were uninvestigated by the 
enhancement scanning. The number and den-
sity of IOFBs, the number of complication cased 
and the CT value were recorded and the diam-
eter was observed. 

Ultrasonography examination

The login S6 color doppler ultrasonography  
and high-frequency linear array probe (7.0 MHz) 
(GE Healthcare) was adopted. Rabbits were 
settled in supine position with eyelids closed. 
The eyelid direct contact method was used: 
coupling agent was applied on the surface of 
the eyelids with binocular contrast adopted. 
The ultrasonic probe contacts the eyelids gen-
tly and avoids pressing the eyebulb, rotating 
from different directions to illustrate the cross-
sectional images comprehensively. When 
exploring the IOFBs, the gain was adjusted to 
observe changes of lesions echo. With opti-
mum image selected, the position was immobi-
lized to measure the size and the number of 
detectable IOFBs. Then the echo intensity  
and relationship between IOFBs and surround-
ing tissue were observed besides the second-
ary lesions, e.g. the lens turbidity, vitreous  
hemorrhage, retinal detachment, and vitreous 
opacity. 

Pathological examination

Experimental animals were executed accord- 
ing to the designed intervals and right eyeblub 
was extracted to conduct the pathological 
examination. The stationary liquid was pre-
pared with the anhydrous alcohol, distilled 
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water, anhydrous acetic acid and formaldehyde 
in the ratio of 10:7:2:1. The extracted eyebulb 
was immersed in the stationary liquid for 2-3 
days and then in the anhydrous alcohol for 2-3 
days. Paraffin embedding of the eyeball well 
was conducted by the professor from the 
Department of Basic Medicine, Zhengzhou 
University, which was observed by using light 
microscope after 5 μm serial section and HE 
staining. Presence of inflammation and kinds 
and amounts of inflammatory cells at different 
intervals were recorded. 

(Figure 2). Hence energy spectrum analysis 
was not furthered. Complications on CT includ-
ed the vitreous pneumatosis (intravitreous cir-
cular or quasi-circular extreme low signals, 
Figure 4C), eyebulb deformation (the eye-ring 
paramorphia) and lens injury (lens abnormali-
ties, Figure 4D).

For IOFBs punctured for 2 h, 2 weeks and 4 
weeks, the ultrasonographic performance was 
detected as strong echo intensity (Figure 3). 
Complications on the ultrasonography involved 

Figure 1. The characteristics of wooden IOFBs implanted in the rabbit right 
vitreous on typical transverse MRI (T2WI) imaging. In (A) dry poplar (Length 
= 1 mm) presented as punctate or linear low signal after implanted for 2 h. 
In (B) wet paulownia (Length = 2 mm) presented as punctate or linear low 
signal after implanted for 2 h. In (C) dry pine (Length = 1 mm) presented as 
punctate or linear low signal after implanted for 2 h. In (D) wet China rose 
(Length = 2 mm) presented as linear low signal after implanted for 2 h. Wet 
paulownia (Length = 2 mm) appeared as punctuate or linear low signal after 
implanted for 2 w in (E). And dry pine (Length = 2 mm) showed punctate or 
linear low signal after implanted for 4 w in (F).

Statistical analysis

SPSS16.0 (SPSS Inc., Chi- 
cago, IL, USA) was used to 
conduct statistical analysis 
(at the 5% significance level). 
Linear trend between the 
detection rate of foreign body 
of the same material and the 
change of length was per-
formed by trend Chi-square 
test. One sample t test was 
introduced to compare the 
difference between the actual 
diameter and the observed 
diameter.

Results

Imageological characteristics 
of wooden IOFBs

After implantation for 2 h, 2 
weeks and 4 weeks, the 
detected poplar, paulownia, 
pine, and China rose were all 
punctate or linear low signals 
on MRI (Figure 1). In this 
paper, the diagnostic compli-
cations on MRI included vitre-
ous pneumatosis, eyebulb 
deformation and lens injury. 
And the vitreous pneumatosis 
appeared as circular or quasi-
circular extreme low signals, 
around which high signals 
could be detected occasion-
ally (Figure 4A). The eyebulb 
deformation presented as the 
eye-ring paramorphia and the 
lens injury as lens abnormali-
ties (Figure 4B). 

In this study, CT could not 
clearly detect the implanted 
IOFBs with length of 2 mm 
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the vitreous opacity and lens injury, which pre-
sented as punctuate/linear/flocculent strong 
echo intensity (Figure 4E) and strong echo spot 
(Figure 4F), respectively. 

Comparison of the detection rates of IOFBs 
and complications within the rabbit vitreous by 
MRI, CT and the ultrasonography

T1WI could detect 8 out of 192 foreign bodies 
(4.1%), and 95 for T2WI (49.5%) and 30 for 
PDWI (15.6%). The detection rate of MRI, repre-
sented by T2WI, was compared with those of 
the CT and ultrasonography. Totally, MRI could 
detect 95 IOFBs with the detection rates of 
49.5% and the ultrasonography 137 IOFBs with 

as the explanatory variables. Then the binary 
logistic regression analysis was conducted and 
the forward remove method was adopted to 
incorporate the explanatory variables (Table 
S4). Results in Table S5 revealed that the 
length of IOFBs was the major factor affecting 
the detection rates of MRI, which was unasso-
ciated with the material and the moisture state. 
Logistic regression model containing all the 
three variables was applied to analyze detec-
tion rates of the ultrasonography. And no sig-
nificance was found. 

As shown in Table S6, insignificant differences 
were detected among the complications detec-
tion rates by the ultrasonography, CT and MRI 

Figure 2. The characteristics of wooden IOFBs on transverse CT imaging. No 
abnormalities were detected for dry poplar (Length = 1 mm, 2 h) in (A), wet 
paulownia (Length = 2 mm, 2 h) in (B), dry pine (Length = 1 mm, 2 h) in (C), 
wet China rose (Length = 2 mm, 2 h) in (D), wet paulownia (Length = 2 mm, 
2 w) in (E) and dry pine (Length = 2 mm, 4 w) in (F).

the detection rates of 71.4%, 
while CT could not detect all 
the IOFBs with the length of 2 
mm. Results revealed that 
both the minimum detectable 
length of MRI and the ultraso-
nography towards dry IOFBs 
were 0.5 mm, and the detec-
tion rates increased with the 
length according to the Chi-
squared test, indicating that 
length was the major factor 
affecting the sensitivity (Table 
S1). The minimum detectable 
length of MRI and the ultraso-
nography towards wet IOFBs 
were both 0.5 mm, and the 
detection rates increased 
with the length, suggesting 
that the length had main 
effects on the detection sen-
sitivity (Table S2).

According to Table S3, detec-
tion rates of the ultrasonogra-
phy towards the dry pine and 
Chine rose were significantly 
higher than those of MRI. No 
significant differences were 
found between the two meth-
ods towards the detection of 
dry poplar and paulownia as 
well as the wet IOFBs. 

The detections of MRI and the 
ultrasonography were reck-
oned as the dependent vari-
ables and the lengths, materi-
als and moisture states of the 
wooden IOFBs were evaluated 
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towards IOFBs (Length = 2 mm) implanted for 2 
h, 2 weeks and 4 weeks. 

Comparison of the actual diameter and the 
observed diameter

MRI and the ultrasonography tended to overes-
timate the diameter and the measured diame-
ters were significantly from the actual diameter 
(f = 0.2 mm). The observation of MRI 
(0.227±0.045 mm) was lower than that of the 
ultrasonography (0.250±0.050 mm), but close 
to the actual value. Due to the lowest sensitivi-

agnosis could damage the eyebulb to a certain 
extent and induce serious complications [16]. 
Therefore it’s of great significance for patients 
to receive timely and correct diagnosis and clin-
ical removal to avoid infection and maintain 
visual function. 

Cases of the intraocular non-magnetic low-den-
sity IOFBs detected by MRI but misdiagnosed 
by CT have been reported in recent researches 
[17]. Occasionally, wooden IOFBs are misdiag-
nosed as air by CT examination. With higher 
soft tissue resolution, MRI can distinctly reveal 

Figure 3. The characteristics of wooden IOFBs on the ultrasonography. Dry 
poplar (Length = 1 mm, 2 h) showed strong echo in (A). Wet paulownia 
(Length = 2 mm, 2 h) showed strong echo in (B). Dry pine (Length = 1 mm, 
2 h) was strong echo in (C). Wet China rose (Length = 2 mm, 2 h) was strong 
echo in (D). Wet paulownia (Length = 2 mm, 2 w) was strong echo in (E). And 
dry pine (Length = 2 mm, 4 w) was strong echo in (F), accompanied with the 
multiple strong spots for the vitreous opacity. 

ty, the diameter observed by 
CT was deficient (Table S7).

Pathological results

HE stained eyebulb wells from 
16 out of 48 rabbits implant-
ed with IOFBs (Length of 2 
mm) for 2 h indicated no 
inflammatory cells, and lym-
phocytes appeared in those 
16 rabbits for 2 weeks, 9 with 
small amount (Figure 5A) and 
7 with medium amount. Four 
weeks after the implantation, 
lymphocytes were generated 
in the other 16 rabbits, 1 with 
small amount, 7 with medium 
amount (Figure 5B) and 8 
with large amount (Figure 5C). 
No inflammatory cells were 
examined in rabbits from the 
reference group. 

Discussion

Detection difficulties of the 
wooden IOFBs increase with 
the unclear clinical history, 
normal diagnostic results and 
patients’ neglect. With a low- 
er incidence, wooden IOFBs 
might cause negligible and 
fast-healing wounds when 
entering the eye socket rapid-
ly. Generally, the wooden 
IOFBs would fracture due to 
the high brittleness and leave 
no broken ends after the inju-
ry, which is one cause of 
missed diagnosis. IOFBs re- 
tention caused by the misdi-



Characteristics of wooden IFOB in rabbits

2456 Int J Clin Exp Med 2017;10(2):2450-2459

the number and intraocular location of wooden 
IOFBs and exactly identify lesions within the 
normal ocular structures, indicating the com-
mon complications and anatomical structures 
surrounding the IOFBs [18, 19]. The ultrasonog-
raphy is unconstrained by the properties of 
IOFBs, and the detection results are associated 
with the size and the reflection interface, show-
ing high sensitivity against the IOFBs. Based on 

9.9) Hu, similar to that of wooden IOFBs 
(-145~63.8 Hu in this paper), which was 
adverse to the IOFBs display. Reconstruction 
interval and layer spacing would affect the 
IOFBs development. And misdiagnosis would 
occur due to the invisibility and/or inauthentic 
density of IOFBs positioning squarely between 
the two layers. Punctiform or streak artifacts 
generated from the instrument would also 

Figure 4. The characteristic complications of the rabbit vitreous implanted 
with wooden IOFBs. In (A) wet pine (Length = 0.5 mm, 2 h) presented circular 
extreme low signals on transverse MRI imaging and high signals peripher-
ally combined with the vitreous pneumatosis. In (B) dry paulownia (Length 
= 1 mm, 2 h) induced the lens paramorphia on transverse MRI imaging. In 
(C) wet pine (Length = 0.5 mm, 2 h) caused the vitreous pneumatosis with 
circular gas density on transverse CT imaging. In (D) dry paulownia (Length 
= 1 mm, 2 h) caused the lens paramorphia and deformation on transverse 
CT imaging. In (E) was the ultrasonic imaging for wet pine (Length = 0.5 mm, 
2 h) with the vitreous opacity. In (F) the lens injury presented stronger echo 
intensity caused by dry paulownia (Length = 1 mm, 2 h) on the ultrasonic 
imaging. 

the abnormal echo from dif-
ferent acoustical surfaces, 
this technology can locate the 
IOFBs accurately and observe 
the corresponding complica-
tions, e.g. the phacoscotas-
mus, vitreous opacity and 
retinal detachment. Above all, 
MRI and the ultrasonography 
are effective in detecting  
and locating the non-magnet-
ic IOFBs, especially for the 
wooden IOFBs infeasible for 
CT examination.

CT examination can clearly 
present IOFBs of high density 
with intuitionistic images and 
reveal positional relationship 
between the IOFBs and the 
ocular well. Results were 
diverse on the CT detection  
of wooden IOFBs [20-23]. 
Krimmel et al. reported that 
wooden IOFBs showed high 
density signals on CT after 
intraocular retention for sev-
eral months [24]. Lee et al. 
found that CT could only de- 
tect calcified wooden IOFBs 
[25]. In our study, CT exami-
nation could not identify 48 
wooden IOFBs (Length = 2 
mm) implanted in the rabbit 
right vitreous for 2 h, 2 w and 
4 w. Hence the spectrum 
analysis wasn’t further per-
formed. Appropriate window 
width and window level were 
unavailable for the tiny IOFBs 
in this paper to distinguish 
them from the normal vitre-
ous tissue, which should be 
advanced by adjusting the 
diameter of IOFBs. CT value 
of the vitreous was (-94.4± 
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affect the IOFBs detection [26]. Additionally, 
partial volume effects could also impact the 
distinct presence of foreign bodies [27]. 

The ultrasonography is characterized by the 
good repeatability, high resolution and real-
time imaging, which is effective in the detection 
of low-density foreign bodies. Echo intensity of 
the IOFBs is dependent on the difference of 
acoustic impedance between the IOFBs and 
the peripheral tissue. The echo intensity of 
intraocular foreign body is enhanced consider-
ately due to the higher acoustic impedance dif-
ference [28]. In general, the acoustic imped-
ance difference between non-metallic foreign 
bodies (e.g. wooden IOFBs) and the vitreous 
was smaller and the ultrasonic echo between 
the two surfaces was relatively weaker, which 
presents as the strong echo intensity or light 
strip within the liquid anechoic area of the vitre-
ous, accompanied with posterior shadowing or 
not. In this study, the ultrasonography detected 
137 from the 192 IOFBs and possessed the 
maximal detection rate (71.4%). The observed 
diameter was higher than the actual diameter (f 
= 0.2 mm). Signals of wooden IOFBs presented 
as strong echo band on the front edge and 
absence of echo on the back due to the ultra-
sonic attenuation. IOFBs in this research were 
all punctured within the vitreous and showed 
strong echo intensity. After reducing the gain, 
48 IOFBs with length of 0.2 mm were still unde-
tected, which might be related with the ultra-
sonic resolution [29]. 

Magnetic induction is the property of materials 
affecting the local magnetic line of force in the 

magnetic field. Due to protons absence, the 
wooden IOFBs present as the signal loss on 
MRI. We detected that the vitreous showed 
high signals on T2WI and the wooden IOFBs 
appeared as the punctuate or linear low signals 
with shapes dependent on the puncturing 
direction and the scan section, the distinct con-
trast between which were conducive to the 
IOFBs display [30]. Totally, 95 IOFBs could be 
detected on T2WI (Detection rate = 49.5%). 
IOFBs with the length of 2 mm were all identi-
fied, while those with 1 mm or 0.5 mm were 
partially figured out. The detectable length 
might be related with the partial volume effect 
and the resolution of T2WI. The measured diam-
eter was close to the actual diameter, probably 
involved with the high contrast between the 
IOFBs and the vitreous on T2WI. 

The minimum lengths of four wooden IOFBs on 
MRI and the ultrasonography were all 0.5 mm. 
As indicated in the trend Chi-square test, the 
detection rates of the two methods increased 
with the length. The detection sensitivity of CT 
examination was the lowest, even for those 2 
mm IOFBs. Consequently, the length was the 
major factor affecting the detection rates. And 
the other two factors (i.e. the material and the 
moisture state) had no significant effect on the 
detection results, which had been confirmed in 
the logistic recession analysis. 

Common complications of the IOFBs include 
the vitreous hemorrhage, pneumatosis and 
lens opacity. And larger ones would cause the 
eyebulb deformation. On MRI and CT examina-
tion, the detected complications contained the 

Figure 5. The microscopic images for the pathological examination (HE staining, ×400). In (A) a few circular and 
quasi-circular hyperchromatic lymphocytes appeared in the vitreous implanted with wooden IOFBs for 2 w. And me-
dium circular and quasi-circular hyperchromatic lymphocytes could be detected in pathological section of ocular wall 
from the vitreous implanted with IOFBs for 2 w in (B). Large amounts of circular and quasi-circular hyperchromatic 
lymphocytes could be investigated in pathological section of ocular wall from the vitreous implanted with IOFBs for 
4 w in (C).
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lens opacity, the eyebulb deformation and the 
lens injuries. On the ultrasonography, those 
involved the vitreous opacity and the lens inju-
ries. Due to the tiny size in our study, the 
observed eyebulb deformation might be rele-
vant with the vitreous overflow during the punc-
ture, the vitreous hemorrhage caused by 
entrained air during the implantation and the 
lens injury induced by damaging the lens when 
lowering the wooden IOFBs into the vitreous or 
the changes of lens due to the IOFBs retention. 
The vitreous hemorrhage on T2WI showed the 
punctuate extremely-low signals and visible 
high signals peripherally, induced by the chemi-
cal displacement and interfacial artifacts, 
which presented as circular gas density shad-
ow. Signals of the eyebulb deformation were 
paramorphia of the eye ring on the T2WI and CT. 
The lens paramorphia as the strong echo on 
the ultrasonography indicated the lens injury. 
The vitreous opacity was just detected by the 
ultrasonography, appearing as the punctiform, 
linear and flocculent strong echo. Differences 
among the detected complications by MRI, CT 
and the ultrasonography were insignificant. 

Inflammatory cells existed only within the ocu-
lar well around the IOFBs and increased with 
the retention. Länsman et al. studied the intra-
ocular implantation of absorbable plant tissue, 
revealing that the pathologic changes were 
confined to the implanted sites and fibrous tis-
sue and inflammatory cells increased over time 
[31]. Diverse pathological changes were pro-
duced along with the intraocular retention. The 
histocompatibility of wooden IOFBs was good 
and lesions at early phase were less severe. 
Results indicated that inflammation on the ocu-
lar well around the implantation sites were 
deteriorated with the IOFBs retention, suggest-
ing the importance of timely diagnosis and cor-
rect removal of IOFBs. 

Conclusions

MRI and the ultrasonography are the optimal 
methods for detecting the wooden IOFBs, and 
MRI examination could provide abundant infor-
mation for clinical diagnosis and treatment. 
The length was the major factor affecting the 
wooden IOFBs (f = 0.2 mm) detection by MRI. 
The ultrasonography could accurately identify 
the IOFBs and the complications. CT examina-
tion was infeasible to detect wooden IOFBs but 
this technology could reveal the intraocular 

complications. Retention of wooden IOFBs 
would induce the inflammatory changes. Com- 
bined with the characteristics of imageological 
examination, the clinician should select appro-
priate detecting methods in terms of the trau-
ma degree and possible of the IOFBs.
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Table S1. Comparison between detection rates by MRI, CT 
and the ultrasonography

Materials Length/mm
MRI (T2WI) CT Ultrasonography

ND D ND D ND D
Poplar 0.2 6 0 - - 6 0

0.5 3 3 - - 1 5
1.0 4 2 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.769 (0.002) 9.439 (0.002)
Paulownia 0.2 6 0 - - 6 0

0.5 3 3 - - 1 5
1.0 3 3 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.976 (0.002) 9.439 (0.002)
Pine 0.2 6 0 - - 6 0

0.5 3 3 - - 0 6
1.0 3 3 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.976 (0.002) 8.631 (0.002)
China rose 0.2 6 0 - - 6 0

0.5 3 3 - - 0 6
1.0 3 3 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.976 (0.002) 8.631 (0.002)
ND: Non-detected; D: Detected. The minimum detectable lengths of MRI and 
the ultrasonography were both 0.5 mm. As revealed by the trend Chi-square 
test, the detection rates increased with the lengths. The detection sensitivity 
of CT examination was the lowest, and this technology couldn’t even detect 
the IOFBs with the length of 2 mm.
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Table S2. Comparison between detection rates by MRI, CT 
and the ultrasonogaphy

Materials Length/
mm

MRI (T2WI) CT Ultrasonography

ND D ND D ND D
Poplar 0.2 6 0 - - 6 0

0.5 3 3 - - 1 5
1.0 3 3 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.769 (0.002) 9.439 (0.002)
Paulownia 0.2 6 0 - - 6 0

0.5 3 3 - - 2 4
1.0 3 3 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.976 (0.002) 14.407 (0.001)
Pine 0.2 6 0 - - 6 0

0.5 3 3 - - 1 5
1.0 3 3 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 9.976 (0.002) 9.439 (0.002)
China rose 0.2 6 0 - - 6 0

0.5 4 2 - - 1 5
1.0 2 4 - - 0 6
2.0 0 6 6 0 0 6

χ2 (P) 11.909 (0.001) 9.439 (0.002)
ND: Non-detected; D: Detected. The minimum detectable lengths of 
MRI and the ultrasonography were both 0.5 mm. The detection rates 
increased with the length. CT examination couldn’t detect all the IOFBs.

Table S3. Comparison between detection rates by MRI and 
the ultrasonograpgy

Materials MRI (T2WI)
Ultrasonography 
(For dry IOFBs)

Ultrasonography  
(For wet IOFBs)

ND D ND D
Poplar ND 6 7 7 5

D 1 10 0 12
χ2 (P) 3.125 (0.077) 3.200 (0.074)

Paulownia ND 6 6 7 5
D 1 11 1 11

χ2 (P) 2.286 (0.131) 1.500 (0.221)
Pine ND 6 6 6 6

D 0 12 1 11
χ2 (P) 4.167 (0.041) 2.286 (0.131)

China rose ND 6 6 6 6
D 0 12 1 11

χ2 (P) 4.167 (0.041) 2.286 (0.131)
Significant differences were identified for the detection of dry pine and 
China rose (P<0.05). Differences between the detection rates for wet 
wooden IOFBs were insignificant (P>0.05).



Characteristics of wooden IFOB in rabbits

3 

Table S4. Variable declaration for the logistic regressions
Variable declaration Assignment

Dependent variables Detection by MRI (T2WI) 0 = ND; 1 = D
Detection by the ultrasonography 0 = ND; 1 = D

Explanatory variables Materials* 1 = Poplar; 2 = Paulownia; 3 = Pine; 4 = China rose
Lengths Original values

Moisture states 1 = Dry IOFBs; 2 = Wet IOFBs
*Variables were integrated into the model as the dummy variables, Reference = 1; ND: Non-detected; D: Detected.

Table S5. Results of factor analysis for MRI (T2WI) detection, the MRI detection 
was unaffected by the material and the moisture state
Explanatory variable β Wald P OR 95.0% CI
Length 3.254 45.523 <0.001 25.881 10.058-66.595
Constant term -2.705 46.369 <0.001 0.067

Table S6. Comparison of the detected complications by the three methods, 
differences between the three methods for detecting after the wooden IOFBs 
implanted for 2 h, 2 w and 4 w

Retention 
time

Moisture 
states Materials

MRI (T2WI) CT Ultrasonography

ND D P ND D P ND D P
2 h Dry Poplar 4 2 >0.999 4 2 >0.999 4 2 >0.999

Paulownia 4 2 4 2 5 1
Pine 5 1 5 1 5 1

China rose 4 2 4 2 5 1
Wet Poplar 4 2 >0.999 5 1 >0.999 3 3 >0.999

Paulownia 4 2 4 2 5 1
Pine 4 2 4 2 5 1

China rose 4 2 4 2 4 2
2 w Dry Poplar 2 2 >0.999 2 2 >0.999 2 2 >0.999

Paulownia 3 1 3 1 3 1
Pine 3 1 3 1 3 1

China rose 3 1 3 1 3 1
Wet Poplar 3 1 >0.999 4 0 >0.999 2 2 >0.999

Paulownia 2 2 3 1 3 1
Pine 4 0 3 1 3 1

China rose 3 1 3 1 2 2
4 w Dry Poplar 1 1 >0.999 1 1 >0.999 0 2 >0.999

Paulownia 1 1 1 1 1 1
Pine 1 1 1 1 1 1

China rose 2 0 2 0 1 1
Wet Poplar 2 0 >0.999 2 0 >0.999 1 1 >0.999

Paulownia 1 1 1 1 1 1
Pine 1 1 1 1 0 2

China rose 2 0 2 0 1 1



Characteristics of wooden IFOB in rabbits

4 

Table S7. Comparison of the observed diameter and 
the actual diameter (Φ = 0.2 mm)

Detection methods Observed diameter
(Means ± S) mm T value P value

MRI (T2WI) 0.227±0.045 5.95 <0.001
CT - - -
Ultrasonography 0.250±0.050 11.49 <0.001
MRI and the ultrasonography tended to overestimate the diameter 
(P<0.05). The measurement by MRI was close to the actual 
diameter. And the CT observation was missing due to the lowest 
sensitivity.


