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Purpose. To report the application of 14-MHz ultrasonography with tissue harmonic imaging (14MHz+THI) to determine the
integrity of the posterior capsule (PC) in traumatic cataract (TC). Methods. Patients with TC who were scheduled to undergo
cataract extraction and whose PC could not be observed by slit lamp examination were included in the study.)e status of the PC
was determined by 14MHz+THI before cataract extraction and confirmed during surgery. )e results regarding PC integrity
obtained from 14MHz+THI and intraoperative direct observation were compared. Result. )e study enrolled 52 eyes of 52
patients (49 men and 3 women), with a mean age of 42.15 years± 11.23 (SD).)e nature of the trauma was blunt (3 eyes) or sharp
(49 eyes). )e 14MHz+THI method showed 21 PCs to be intact and 31 to have ruptured before cataract surgery. During surgery,
23 PCs were observed to be intact, while 29 PCs were ruptured. 27 PCs were ruptured and 19 were intact, as determined by the two
methods.)e 14MHz+THI observations were consistent with the intraoperative observations of the PC (kappa� 0.764), with no
significant difference between the two methods (P � 0.687). )e sensitivity, specificity, and accuracy of 14MHz+THI for
observation of the PC were 93.10%, 82.60%, and 88.46%, respectively. Conclusion. )e 14MHz+THI method can accurately
reveal the integrity of the PC in TC. It has important clinical value in the selection of cataract surgery methods and the prediction
of complications during TC surgery.

1. Introduction

Traumatic cataract (TC) is the most common complication
of ocular trauma. It is caused by direct lens injury, eye
contusion, or lens dislocation. It is often accompanied by
injury to the cornea, iris, and vitreum. Cataract extraction is
the most effective treatment [1]. Preoperative assessment of
the integrity of the posterior capsule (PC) is helpful in
determining the surgical method andmaking more adequate
preoperative preparation, avoiding improper operative
techniques, and reducing the incidence of intraoperative and
postoperative complications. However, after trauma, it is
difficult to observe the PC by slit lamp microscopy due to

corneal laceration, anterior chamber haemorrhage, lens
cortical oedema and overflow, and fibrinogenesis [2].

Ultrasound and optical coherence methods are used to
evaluate the state of the lens preoperatively. However, it is
difficult to observe the entire lens in some cases of TC with
high opacity by optical methods. Although the resolution of
ultrasound is lower than that of optics, it is not affected by
refractive media and it can be used to evaluate the state of the
entire lens, thus meeting the needs of clinical operations
[2–4]. Ultrasonography at 14MHz with tissue harmonic
imaging (14MHz+THI) can display the whole lens and PC
and is not affected by refractive medium opacity. )e
purpose of this study was to evaluate the clinical value of
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14MHz+THI in the examination of PC integrity in patients
with TC before surgery.

2. Subjects and Methods

2.1. Subjects. )is study was approved by the ethics com-
mittee of the Tianjin Eye Hospital, and all procedures were
performed in accordance with the Declaration of Helsinki.
Fifty-two eyes of 52 patients with TC, 49 males and 3 fe-
males, aged 17–69 years, with an average age of 42.15± 11.23
(range, 17–69 years), were enrolled from January 2017 to
March 2018. )e trauma was either sharp (47 eyes) or blunt
(5 eyes), resulting in open globe injury in 49 cases and closed
globe injury in the other 3 cases. )e inclusion criteron was
as follows: slit lamp examination could not reveal the state of
the PC. )e exclusion criteria were as follows: endoph-
thalmitis, lens subluxation, and massive vitreous haemor-
rhage caused by retinal or choroidal injury.

2.2. Methods

2.2.1. Preoperative Examination. All patients underwent slit
lamp microscopy, 10-MHz B-scan ultrasonography, ultra-
sound biomicroscopy (UBM), and computed tomography
(CT) examination preoperatively.

One day before the surgery, color Doppler ultrasound
instrument (LOGIQ 7, GE) with a 12L probe (14MHz, linear
array scanning) at a focal point of 1-2 cm and a depth of 3 cm
and THI were performed by the same experienced techni-
cian in the same indoor-brightness environment. After the
patient assumed a supine position with the eyes closed, the
eyelids were smeared with an appropriate amount of cou-
pling agent; the probe should not press the eyelid directly,
but should be hatched on the eyelid gently with enough
coupling agent and the lens was scanned by two-di-
mensional ultrasound in multiple directions. If necessary,
the patient was asked to rotate the eyeball to facilitate the
scanning. Usually, 6–8 ultrasound sections were saved for
each eye.

2.2.2. Evaluation of the PC by 14MHz+THI. )e PC was
evaluated in reference to a previously reported method [2].
(1) If the regular, continuous, and elliptical echoes of the
posterior equatorial lens could be clearly observed, the PC of
the lens was considered intact. (2) If there was a hyperechoic
passage through the lens to the vitreous body, the PC was
considered ruptured. (3) If there was no hyperechoic passage
but the lens had lost its original elliptical shape and the PC
appeared wavy and discontinuous, the PC was considered
ruptured.

2.2.3. Observation of the PC Intraoperatively. )e PC was
observed by the same two doctors during surgery. (1) If the
lens showed localized cortical opacity, the opaque cortex and
PC were separated using a viscoelastic agent. After removing
the opaque cortex, the state of the PC was confirmed. (2) If
the whole cortex was turbid and the cortex fell into the
vitreous cavity, or the vitreous body overflowed when the

cortex was sucked out, rupture of the PC was determined.
After the cortex was removed, damage to the PC was ob-
served. )e integrity of the PC was determined by com-
bining the above two steps.

2.2.4. Statistical Methods. SPSS 17.0 statistical software was
used for the statistical analysis. Twomethods were applied in
the same subject groups, and the results of the surgical
diagnosis were considered the gold standard. )e consis-
tency of the two methods was analysed by the kappa con-
sistency test. Kappa values <0.40, 0.40 to 0.75, and >0.75
were considered to indicate low, medium, and high con-
sistency. )e McNemar χ2 test was used to compare the
distributions of the PC integrity determined by the two
methods. P< 0.05 was statistically significant. )e sensi-
tivity, specificity, and accuracy of 14MHz+THI were cal-
culated. )e sensitivity was calculated as true positive/(true
positive + false negative). )e specificity was calculated as
true negative/(true negative + false positive). )e accuracy
was calculated as (true positive + true negative)/total number
of cases.

3. Results

Among the 52 eyes examined by 14MHz+THI, PC rupture
occurred in 31 eyes (Figure 1); all of these cases were of TC
due to a sharp injury. A hyperechoic passage was observed
through the lens to the vitreous body. Some of the lenses
were seriously deformed, and the PC was discontinuous.)e
PC of the lens was intact in 21 eyes (Figure 2) and had
sustained a sharp injury in 16 eyes and had sustained a blunt
injury in 5 eyes. )e posterior equatorial lens was oval in
shape, with continuous echoes of the PC, and the anterior
capsule of some lenses was ruptured. For 6 eyes, the ex-
perimental results were not in accordance with the results of
surgery; the results of 4 eyes were false positive (Figure 3),
those of 2 eyes were false negative (Figure 4), and all of these
eyes had sustained a sharp injury. )ere was no significant
difference in the PC integrity determined by 14MHz+THI
and intraoperative observation (kappa� 0.764, P � 0.687;
sensitivity� 93.10%, specificity� 82.60%, and accuracy�

88.46%).

4. Discussion

)e integrity of the PC plays a key role in the implantation of
intraocular lenses and the location of implantation. Pre- and
postoperative evaluations of the integrity of the PC are
necessary. In this study, color Doppler ultrasound showed
the advantages of adjustable focus and detection depth
compared with B-scan ultrasound. THI is a routine com-
ponent of ultrasound (US) diagnosis , in which, higher-
frequency harmonic waves produced by nonlinear funda-
mental ultrasonography wave propagation are used to
generate images that contain fewer artifacts than those seen
on conventional fundamental wave US tissue imaging. )e
advantages of THI include the following: improved contrast
resolution, improved lateral resolution and reduced section

2 Journal of Ophthalmology



thickness, beneficial effects on artifacts, reduced noise in the
near field, and improved imaging of deeper tissue [5].

)e 14MHz+THI method can be used to not only
display images of the whole eyeball, but also observe the
whole lens and PC. In this study, there was no significant
difference in PC integrity as determined by 14MHz+THI
and intraoperative observation. )e accuracy of
14MHz+THI was 88.46%, indicating that it can be used to
evaluate PC integrity before surgery. In this study, there were

2 false-negative results for eyes with a moderate echo passage
in the lens: a smooth and continuous PC echo. No cortical
spillover or vitreous opacity was observed around the lens. It
was considered that the passage is not penetrating the PC.
)is study suggests that in TC, small and shallow ruptures
can close quickly after trauma, resulting in localized opacity,
or that the PC and cortex of the wound can be close to each
other. In such cases, it is difficult to observe rupture of the
PC. In addition, TC patients may also experience rupture or

(a) (b)

Figure 1: Ruptured PC shown by 14MHz+THI. (a) A hyperechoic passage is present through the lens to the vitreous body, and the echo of
the PC is interrupted (long arrow). (b) )e PC shows an irregular oval echo and an uneven echo at the rupture (short arrow).

Figure 2: Intact PC shown by 14MHz+THI. )e shape of the lens is regular, the internal echo is uniform, the anterior capsule is ruptured,
and the PC echoes are smooth and continuous.

(a) (b)

Figure 3: False-positive image of PC by 14MHz+THI. (a) )e shape of the lens is regular, the internal echo is uniform, and the PC echo is
regular. A moderate echo band is shown and was mistaken for a passage (long arrow). (b) )e shape of the lens is not regular, the internal
echo is not uniform, the anterior capsule is ruptured, and the PC of the equator shows a sharp echo, which was mistaken for rupture (short
arrow).

Journal of Ophthalmology 3



relaxation of the ciliary zonule. Iatrogenic capsule rupture
easily occurs when the cortex is removed. )is is not ex-
cluded from occurring in patients with false-negative
findings [6]. In 4 eyes with false-positive lenses, the anterior
capsule of 3 eyes had a larger fissure, more cortex spilled into
the anterior chamber, the PC tension decreased, the lens lost
its original oval echo, and the PC echo was wavy, all of which
contributed to the mistaken identification of rupture. In one
eye, the vitreum around the equatorial PC showed a strip-
like echo, which was mistaken as a passage through the lens
to the vitreum, indicating PC rupture. In cases of more
serious ocular penetration injury, the cortex overflows more,
the lens deforms, and either the PC loses its smooth regular
echo or a strip-like echo is observed around the equatorial
PC, which can be mistaken as a penetration passage; these
two situations are liable to lead to the misdiagnosis of PC
rupture.

)ere are many methods for observing the PC of the lens
preoperatively. )e shorter the ultrasound wavelength, the
higher the image resolution, and the shallower the tissue
penetration [7]. UBM at frequencies up to 50–100MHz
allows clear visualization of the anterior segment of the eye,
but the shorter wavelengths limit the depth of detection
(<5mm) and prevent observation of the whole lens and PC
[8, 9]. When the frequency of UBM is decreased, the de-
tection depth increases, and the PC of the lens can be ob-
served. Kucukevcilioglu et al. [10] applied 35-MHz UBM to
clearly identify a PC wound less than 1mm in size. Because
of its good penetration and high resolution, high-frequency
B-scan ultrasonography avoids the near-field interference of
ultrasonography and is used to observe the PC in TC
[2, 4, 11]. Tabatabaei et al. [2] examined 43 TC eyes with 20-
MHz high-frequency B-scan ultrasonography before and
after surgery. )e accuracy was 88.37%, which was similar to
that observed in this study. However, both methods require
surface anaesthesia and immersion measurements, which
not only increase the risk of corneal injury when the wound
is not completely closed, but also increase the risk of in-
traocular infection. At the same time, a degree of patient
cooperation and surgical skill are required. )e
14MHz+THI method does not require surface anaesthesia
or immersion and can be performed regardless of whether
the wound is closed, thus avoiding the risks of corneal injury

and intraocular infection. )is method is simple to perform,
and both children and elderly patients cooperate easily.
Anterior segment optical coherence tomography (AS-OCT)
and Scheimpflug imaging can be used to observe and analyse
the anterior segment structure clearly and objectively, scan
the lens comprehensively, measure the lens thickness, and
evaluate the PC [12–17]. Yang et al. [18] used Pentacam to
diagnose foreign bodies in lenses, locate foreign bodies
accurately, and detect the integrity of the PC of the lens.
Recently, it has been reported that using the three-di-
mensional (3D) visualization with the long-range swept
source optical coherence tomography (SS-OCT) system, the
subtle opacities of the cataractous crystalline lens could be
characterized quantitatively and located accurately, which
might be a more useful tool for the observation on the details
of the PC of TC [19, 20]. Based on the principles of optical
imaging, this method has the advantages of high resolution,
no contact, simple operation, and no risk of infection.
However, when the lens opacity is severe or the lens ex-
pansion exceeds the detection range, the above methods
cannot be used to evaluate or observe the PC effectively.

However, the sample size of our study was limited, es-
pecially for the blunt trauma cases, in which all the PCs were
intact. With more cases of blunt trauma, the feature of PC
ruptures detected by 14MHz+THI could be added.

5. Conclusion

In this study, we found that 14MHz+THI in cases of TC are
simple and risk-free. )is method can be used to clearly
observe the PC preoperatively and thus guide the operation
and reduce the risk of surgery.

Data Availability

)e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

)e authors have no financial or proprietary interest in any
material or method mentioned.

Acknowledgments

)is study was supported by the Talent Innovation Group of
131, Bureau of Personnel, Tianjin, and in part by the Na-
tional Nature Science Foundation of China (no: 81670817).

References

[1] S. I. Mian, D. T. Azar, and K. Colby, “Management of
traumatic cataracts,” International Ophthalmology Clinics,
vol. 42, no. 3, pp. 23–31, 2002.

[2] A. Tabatabaei, M. Y. Kiarudi, F. Ghassemi et al., “Evaluation of
posterior lens capsule by 20-MHz ultrasound probe in
traumatic cataract,” American Journal of Ophthalmology,
vol. 153, no. 1, pp. 51–54, 2012.

[3] A. Moghimi, N. Hasanlou, A. Kheirkhah et al., “Accuracy of 3
imaging modalities for evaluation of the posterior lens capsule

Figure 4: False-negative image of PC by 14MHz+THI. )e lens is
dilated and regular in shape, with a cord-like medium echo and
smooth, continuous PC echo.

4 Journal of Ophthalmology



in traumatic cataract,” Journal of Cataract and Refractive
Surgery, vol. 40, no. 7, pp. 1092–1096, 2014.

[4] L. J. P. Perry, “)e evaluation of patients with traumatic
cataracts by ultrasound technologies,” Seminars in Ophthal-
mology, vol. 27, no. 5-6, pp. 121–124, 2012.

[5] A. Anvari, F. Forsberg, and A. E. Samir, “A primer on the
physical principles of tissue harmonic imaging,” Radio-
graphics, vol. 35, no. 7, pp. 1955–1964, 2015.

[6] J. A. McWhae, A. C. S. Crichton, and M. Rinke, “Ultrasound
biomicroscopy for the assessment of zonules after ocular
trauma,” Ophthalmology, vol. 110, no. 7, pp. 1340–1343, 2003.

[7] Y. L. Fisher, H. Rodriguez-Coleman, A. P. Ciardella, and
N. E. Gross, “Contact B-scan ultrasonography,” in Ophthal-
mology, M. Yanoff and J. S. Duker, Eds., pp. 797–799, Mosby,
St. Louis, MO, USA, 2nd edition, 2004.

[8] J. P. S. Garcia Jr and R. B. Rosen, “Anterior segment imaging:
optical coherence tomography versus ultrasound biomicro-
scopy,” Ophthalmic Surgery, Lasers, and Imaging, vol. 39,
no. 6, pp. 476–484, 2008.

[9] Q. H. Yang, B. Chen, L. Q. Wang, G. H. Peng, Z. H. Li, and
Y. F. Huang, “Evaluation of immersion 20MHz B-scan ul-
trasonography in observing lens in the alkali burn eyes,”
International Jounal of Ophthalmology, vol. 7, no. 4,
pp. 632–637, 2014.

[10] M. Kucukevcilioglu, V. Hurmeric, and O. M. Ceylan, “Pre-
operative detection of posterior capsule tear with ultrasound
biomicroscopy in traumatic cataract,” Journal of Cataract &
Refractive Surgery, vol. 39, no. 2, pp. 289–291, 2013.

[11] T.-N. Nguyen, M. Mansour, J. Deschenes, and S. Lindley,
“Visualization of posterior lens capsule integrity by 20-MHz
ultrasound probe in ocular trauma,” American Journal of
Ophthalmology, vol. 136, no. 4, pp. 754-755, 2003.

[12] M. V. Sarunic, S. Asrani, and J. A. Izatt, “Imaging the ocular
anterior segment with real-time, full-range Fourier-domain
optical coherence tomography,” Archives of Ophthalmology,
vol. 126, no. 4, pp. 537–542, 2008.

[13] A. Kuriyan, H. Flynn Jr, and S. H. Yoo, “Subluxed traumatic
cataract: optical coherence tomography findings and clinical
management,” Clinical Ophthalmology, vol. 6, pp. 1997–1999,
2012.

[14] M. Shen, M. R. Wang, Y. Yuan et al., “SD-OCT with pro-
longed scan depth for imaging the anterior segment of the
eye,” Ophthalmic Surgery Lasers and Imaging, vol. 41,
no. suppl, pp. S65–S69, 2010.

[15] D. S. Grewal, R. Jain, G. S. Brar, and S. P. S. Grewal,
“Posterior capsule rupture following closed globe injury:
Scheimpflug imaging, pathogenesis, and management,”
European Journal of Ophthalmology, vol. 18, no. 3,
pp. 453–455, 2008.

[16] D. Grewal, R. Jain, G. Brar, and S. P. Grewal, “Scheimpflug
imaging of pediatric posterior capsule rupture,” Indian
Journal of Ophthalmology, vol. 57, no. 3, pp. 236–238, 2009.

[17] P. Rosales and S.Marcos, “Pentacam Scheimpflug quantitative
imaging of the crystalline lens and intraocular lens,” Journal of
Refractive Surgery, vol. 25, no. 5, pp. 421–428, 2009.

[18] L. H. Yang, Y. W. Guo, and X. Tang, “)e value of Pentacam
in diagnosis of intralenticular foreign body,” Zhonghua Yan ke
Za Zhi Chinese Journal of Ophthalmology, vol. 46, no. 3,
pp. 249–253, 2010.

[19] A. de Castro, A. Benito, S. Manzanera et al., “)ree-di-
mensional cataract crystalline lens imaging with swept-source
optical coherence tomography,” Investigative Opthalmology &
Visual Science, vol. 59, no. 2, pp. 897–903, 2018.

[20] I. Grulkowski, S. Manzanera, L. Cwiklinski et al., “Volumetric
macro- and micro-scale assessment of crystalline lens opac-
ities in cataract patients using long-depth-range swept source
optical coherence tomography,” Biomedical Optics Express,
vol. 9, no. 8, pp. 3821–3833, 2018.

Journal of Ophthalmology 5


