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ABSTRACT

BACKGROUND: Over the past decades, various polymer implants have been actively used in the rehabilitation of patients with
anophthalmos to form a volumetric support stump and improve the results of cosmetic prosthetics.

AIM: To assess clinical symptoms and features of the X-ray picture in patients with anophthalmos after implantation of poly-
meric spherical endoprostheses with a modified geometry.

MATERIALS AND METHODS: The study is based on the analysis of 30 patients with anophthalmos after enucleations (23) and
eviscerations (7) performed using various methods of procedure and insertion into tissues of an implant made of domestic
polytetrafluoroethylene. All patients underwent a multispiral computed tomography (MSCT) of the eye sockets according to the
same algorithm.

RESULTS: On the basis of the performed studies, the fact of making a change in the geometry of the implanted spherical im-
plants was revealed, while the parameters of the modified part of the spheres were different and ranged from 14 to 18 mm of
final diameters with the initial diameters of the spheres ranging from 18 to 20 mm. A decrease in the volume of spheres with
modified geometry from 0.114 to 0.651 cm® was revealed with initial diameters ranging from 18 to 20 mm.

CONCLUSIONS: Changes in the geometry of the orbital spheres do not improve the results of cosmetic prosthetics in patients,
increase the percentage of implant exposure at different times after surgery, and increase the manifestations of anophthalmic
syndrome.
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AHHOTALNA

AxTtyanbHocTb. 3a nocnefHve LECATUNETUS B peabunmTaLmm NaumMeHToB C aHO(TaNbMOM aKTMBHO UCMONb3YHTCA PasfinyHbIe
MoAMMEpHbIe MMNIAHTaThI AN GOpMMPOBaHNUS 0O6BLEMHOI OMOPHOM KyNbTU U YNYULLEHWUS pPe3yNbTaToB KOCMETUYECKOro npo-
TE3MPOBaHMS.

Lienb — oueHUTb KIMHUYECKYI0 CUMNTOMATUKY W 0COBEHHOCTU PEHTrEHONIOrMYECKOW KapTUHbI Y NaLMeHTOB C aHO(TaNbMOM
nocne UMMNIaHTaummn NofMMepHbIX COepUYHBIX 3HA0MPOTE30B C U3MEHEHHON reOMeTpHEN.

Matepuanbl u Metoabl. ViccnenoBaHue 6asupyetcs Ha aHanuse 30 naumeHTOB ¢ aHOMTaNbMOM NMOCNe NPOBELEHHbBIX 3HY-
Kneauui (23) v 3sucuepaumii (7) B pasnnyHbIX METOLMKAX BbINOSHEHUS W BBEEHUS B TKAHW UMMNAHTaTa, BbINOHEHHOMO
13 0TEYeCTBEHHOr0 NonmuTeTpadTopaTMieHa. Bce maumeHTbl NpoLLan MynbTUCUPaIbHOE KOMMbIOTEPHOE TOMOrpaduyeckoe
UccneLoBaHue rasHuL, Mo eauHOMY anropuTMy.

Pesynbtathl. Ha 0cHOBaHUM BbINOSIHEHHBIX UCCEA0BaHNUA BbISBNEH (aKT BHECEHUS U3MEHEHUS B TEOMETPUI0 UMMIAHTUPO-
BaHHbIX CPEPUYHbIX MIMMIAHTATOB, MPU 3TOM NapaMeTpbl UI3MEHEHHOM YacTK cdep bblaM pa3nnyHbl 1 cocTaBum oT 14 oo 18 Mm
KOHEYHbIX AMaMeTpOB NpK UCX0aHbIX AnaMeTpax cdep ot 18 no 20 MM. BhisiBneHo yMeHbLUeHMe 00bEMa chep ¢ U3MEHEHHOIA
reometpueit ot 0,114 no 0,651 cM® npu ucxoaHsIx avametpax ot 18 ao 20 Mm.

3aknoueHune. BHeceHWe M3MEHEHMIN B TeOMETPUI0 OpBUTaNbHBIX CHEpUYHBIX UMMIAHTATOB He MPUBOAMT K MOBLILLEHUIO pe-
3yNbTaTOB KOCMETMYECKOTO NPOTE3MPOBAaHNA Y NaLMEHTOB, YBEIMYMBAET NPOLEHT 0OHAXKEHWUS MMNIAHTATOB Ha pasHbIX Cpo-
Kax mocne onepaLyu 1 Bbi3blBaeT NPOSBIEHUS aHOhTaNbMUYECKOT0 CUHAPOMA.
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ORIGINAL RESEARCHES

BACKGROUND

Over the past decades, microsurgery has seen sig-
nificant advances in the development and creation of
unique surgical technologies. This was greatly facilitated
by the creation of new polymer materials as implants
to replace the functions of lost organs and missing
volumes [1].

In parallel with the creation of new materials,
methods for assessing the biological safety of new and
known polymers and implants based on them, and the in-
fluence of model environments (simulating various con-
ditions of the human body) on the stability of the initial
structure of implanted materials are being successfully
developed [2].

When developing polymer products, the basic and
specific conditions for the presence of an implant in
living tissues are taken into account — the movement
of tissues surrounding the implant, the possibility of
infection, modeling the conditions of inflammation in
the body where the polymer material is located, etc.
[3-5].

From the middle of the twentieth century orbital im-
plants are being successfully developed and introduced
into clinical practice to form a supporting stump during
globe removal [6-12].

Currently, several types of polymer spherical en-
doprosthetic implants are certified and implemented in
Russia. According to the Russian literature data, orbital
spherical implants based on polytetrafluoroethylene
(PTFE) material have shown good engraftment and sta-
bility within orbital tissues [13].

A number of methods are used to visualize orbital
structures, the most informative of which is multislice
computed tomography (MSCT). Using MSCT of the orbits,
it is possible to fully characterize all orbital structures,
including installed implants [14, 15].

The purpose of the work was to study the character-
istics of clinical manifestations and the diagnostic im-
ages of the orbital tissues after implantation of a PTFE
polymer liner with intraoperative changes within the con-
struction of the product.

MATERIALS AND METHODS

We examined 30 patients (12 men and 18 women)
with anophthalmos (operations were performed by vari-
ous surgeons in several medical institutions) with im-
plantation of the liners (orbital spheres). The implant ma-
terial was porous PTFE produced in Russia. The period
after surgery was from 6 months up to 7.5 years with
routine consultations and requests to replace a cosmetic
prosthesis. 22 patients complained of discharge from the
conjunctival cavity. The nature of the discharge ranges
from mucous to purulent.
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Patients underwent MSCT using the unified “Orbit”
algorithm (scanning parameters), followed by the con-
struction of multiplanar reconstructions and analysis of
the obtained images, according to the developed algo-
rithm [16].

RESULTS

As a result of our research, we found out that 28 pa-
tients complained about the retraction of the prosthesis
(Fig. 1), 2 patients — about the “protrusion of the globe
prosthesis” (Fig. 2), 25 — about constant discharge from
the conjunctival cavity, 7 people — about unpleasant
feelings within the anophthalmic orbit while eye move-
ment, 6 — to a frequent requests for a new prosthesis.

From the medical documentation available from pa-
tients, we established that anophthalmos was a conse-
quence of various interventions: enucleation (23), evis-
ceration in various techniques (7).

During a general ophthalmological examination at a
slit lamp, we identified the following features: stretch-
ing of the skin of the upper and lower eyelids (23), pto-
sis of the upper eyelid of varying severity (23), limited
mobility of the musculoskeletal stump in the main gaze
positions (20). Palpation of the anophthalmic orbit in
4 patients revealed mild pain in the soft tissues of the
orbit; in 8 people, with slight pressure on the tissue, the
external prosthesis easily slipped out of the conjunctival
cavity. After removing the external cosmetic prosthesis,
we found that 20 patients had external prostheses made
of plastic, and 10 — out of glass. The nature of the sur-
face of cosmetic prostheses in all examined patients was
approximately the same — without cracks, chips, rough-
ness or obvious surface defects. All patients regularly
received prosthetics at the Laboratory of Complex Ocu-
lar Prosthetics (St. Petersburg) within the recommended
time frame. When examining the conjunctival cavity, we
found that the anterior surface of the supporting stump
in 22 patients was of irregular shape: with truncation of
the upper internal quadrant — in 6 patients, the upper
external quadrant — in 4, the lower internal — in 9, and
the lower external — in 3 patients.

The presence of suture material was detected in
5 operated patients (Fig. 3, 4); in 3 patients there were
repeated attempts to apply sutures to close the conjunc-
tival defect. In 21 examined patients, the surface of the
stump was covered with conjunctiva, and in 9 its defects
were detected (Fig. 5). In 6 patients, granulation changes
and fibrous deformations of the mucous membrane of the
stump and fornix were noted in the fornix (Fig. 6).

When analyzing diagnostic images after performing
MSCT in all examined patients according to the previously
described algorithm [16], we identified a change in the
size and geometry of the orbital spheres in the form of a
“cut” part (Fig. 8). The parameters of the modified part,
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a

Fig. 1. Patient, 61y. 0., 4 years after surgery: a — left-side anophthalmos, retraction of the cosmetic prosthesis, deepening of the up-
per orbito-palpebral sulcus, ptosis; b — without the prosthesis, discharge in the cavity, flattened anterior surface of the stump, deep
upper fornix. State after surgery with the introduction of an implant with modified geometry

Puc. 1. Mauwmenr, 61 rog, 4 roga nocne onepauun: @ — aHo(TaNbMUYECKMIA CUHAPOM CNeBa, 3anajeHne KOCMEeTUYECKOro npoTesa,
yrnybneHve BepxHell opbuto-nanbnebpanbHoil 6opo3apl, NTO3 BEpXHEro Beka; b — 6e3 npoTesa, 0TAensemMoe B MOAOCTH, YMIOLLEH-
Hasl nepefiHAA NMOBEPXHOCTb KyNbTH, Fybokuii BepxHui cBog. CocTosHWe nocne onepaumy C BBELEHUEM UMMIaHTaTa C M3MEHEHHOM
reomeTpuen

Fig. 2. Patient, 34 y. 0. 3 years after surgery: @ — exophthalmos of the left prosthesis, deformation and stretching of the eyelids,
of the conjunctival cavity; b — MRI-exam. The arrow shows the front surface of the implant with modified geometry

Puc. 2. Maument, 34 roga. 3 roga nocne onepauuu: @ — BbICTOSHUE HapyXKHOMO MpoTe3a eBoro rnasa, AedopMauns U pacTsixe-
HMe BEK, PacTsXKeHWe KOHbIOHKTMBANbHOW nonoct; b — MPT-uccnepnoBanme. CTpenikon nokasaHa nepeaHsisi NOBEPXHOCTb UMMlaHTaTa
C U3MEeHEHHOI reoMeTpuei

Fig. 3. Patient, 45 y. 0. Knots of non-absorbable material on the  Fig. 4. Suture material on the stump, implant exposure (photo slit

front surface of the stump lamp)
Puc. 3. lNaumeHt, 45 net. Y3nbl HepaccacbiBatowerocs WoBHOro  Puc. 4. LLoBHbI MaTepuan Ha nepegHein MOBEPXHOCTU KYNbTH.
MaTepuana Ha nepeHein NMoBepXHOCTA OMOPHOM KymbTU ObHaxeHWe uMnnaHTarta (doTo-LieneBas namMna)

Fig. 5. Patient, 28 y. 0. 2 years after surgery. Defect of the epi-  Fig. 6. Patient K., 42 y. 0. 3 years after surgery. Granulation in the
thelium above the surface of the implant with modified geometry,  conjunctivas cavity of the anophthalmic orbit

chronic conjunctivitis Puc. 6. MaumeHT, 42 roga. 3 roga nocne onepauyu. paHynaummn
Puc. 5. MaumenT, 28 net. 2 roga nocne onepaunu. [edeKT anu- B KOHBIOHKTMBAJIbHOM NOMIOCTU aHOMTaNbMUYECKON OpOUTbI

TeNNSA Hafi NOBEPXHOCTLIO MMMJIAHTaTa C U3MEHEHHOMN reoMeTpuelt,

XPOHUYECKMI KOHBIOHKTUBUT

DAl https://doiorg/10.17816/0V546107
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as well as the dimensions of the implants themselves,
were different (Tables 1-3). The initial parameters (di-
ameters) of the orbital spheres were 18, 19 and 20 mm.
During a computed tomography study, we analyzed the
dimensions of the implanted materials, determining

the volume of the liners through the radius and height
of the cut part using the formula: V = 1/3nh?@3r - h),
where m is a constant equal to 3.14; r is the radius of
the ball; h is the height of the spherical segment of the
implant.

Table 1. Parameters of the investigated implants (at basic values of the diameter 20 mm and volume of the sphere V = 4.186)

Tabnuua 1. MapaMeTpbl MccneA0BaHHbIX MMMIAHTATOB (Npy 6a30BLIX 3HAYeHMAX AnaMeTpa, 2r, 20 MM 1 06bEMe chepbl V = 4,186)

No. patient Height to the cutaway part (h) | Volume of the remain implant, cm® The difference of the volumes
1 15 3.535 0.651
2 15 3.535 0.651
3 16 3.754 0.432
4 16 3.754 0.432
5 16 3.754 0.432
6 16 3.754 0.432
7 16 3.754 0.432
8 16 3.754 0.432
9 16 3.754 0.432
10 16 3.754 0.432
1" 16 3.754 0.432
12 17 3.935 0.251
13 17 3.935 0.251
14 17 3.935 0.251
15 18 4.072 0.114

Table 2. Parameters of the investigated implants (at basic values of the diameter 19 mm and volume of the sphere V = 3.583)

Ta6nuua 2. MapaMeTpbl Uccne0BaHHbIX UMNIAHTATOB (Npy 6a30BbIX 3HA4eHUsX AuameTpa, 2r, 19 MM n obbéMe cohepsl V = 3,583)

No. patient Height to the cutaway part (h) | Volume of the remain implant, cm? The difference of the volumes
1 15 3.181 0.402
2 15 3.181 0.402
3 15 3.181 0.402
A 15 3.181 0.402
5 15 3.181 0.402
6 15 3.181 0.402
7 15 3.181 0.402
8 16 3.351 0.232
9 16 3.351 0.232
10 16 3.351 0.232
11 16 3.351 0.232

Table 3. Parameters of the investigated implants (at basic values of the diameter 18 mm and volume of the sphere V = 3.047)
Tabnuua 3. MapaMeTpbl MCCNeA0BaHHbIX MMNNAHTATOB (MpY 0a30BbLIX 3HAYEHUAX AMaMeTpa, 2r, 18 MM 1 06bEMe chepbl V = 3,047)

No. patient Height to the cutaway part (h) | Volume of the remain implant, cm? The difference of the volumes
1 14 2.669 0.378
2 14 2.669 0.378
3 15 2.828 0.219
A 15 2.828 0.219

DOI: https://doiorg/10.17816/0Y546107
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Analyzing the data obtained, we found that the di-
mensions of the modified geometry of the implanted
orbital liners differed, the volume loss with an initial di-
ameter of 20 mm averaged 0.4038 cm?, with a diameter
of 19 mm — 0.340 cm?, with a diameter of 18 mm —
0.298 cm? (Fig. 7-11).

Thus, as a result of changes in geometry, orbital im-
plants, in our opinion, will not fully perform one of their
functions — restoration of the volume of the supporting
stump. Clinically, this is expressed in the displacement
of the anterior surface of the formed stump deeper into
the orbit; with further rehabilitation in such patients, the
ocular prosthetist will be forced to make a more convex
(due to thickness) form of the external prosthesis, which
will lead to the installation of a heavier prosthesis into
the cavity, which will affect its mobility.

In the soft tissues around the changed implanted
spheres, we identified compactions, without signs of cal-
cification and destruction of the orbital walls (Fig. 7, 8).
In addition, in one patient, not only a change in the geom-
etry of the sphere in the form of a cut-off part was noted
(Fig. 10, @), but also the presence of many fragments
of polymer material with identical radiographic density.
These implant fragments were located behind the poste-
rior pole of the polymer liner within the soft tissues till
the apex of the orbit (Fig. 10, b).

The above complaints, the diversity of the identified
clinical picture and radiological findings in the examined
patients during MSCT examination of the orbits allowed
us to offer patients an individually developed treatment
plan. The basis of this plan was intervention in the scope
of reconstructive surgery with the replacement of an

Fig. 7. Patient, 32 y. 0. 3 years after surgery with
implantation of an endoprosthesis with modified
geometry. MSCT of the socket

Puc. 7. MNMaumentka, 32 ropa. 3 roga nocne one-
paLmMy C UMNNaHTaLMelt 3HA0NPOTE3a C U3MEHEH-
Hoi reomeTpuein. MCKT-uccnefoBaHue rnasmuy,

Fig. 9. Patient, 57 y. 0. 3 years after surgery with
implantation of an endoprosthesis with modified
geometry. Defect of the anterior surface of the
stump, exposure of the orbital implant

Puc. 9. Maumenr, 57 net. 3 roga nocne onepa-
LMK C UMMNJaHTaLMei 3HAONPOTE3a C U3MEHEH-
HOW reoMeTpuen, AedeKT nepefHeil NOBepX-
HOCTU KynbTW, OBHaXKeHWe Kpas WMMMiaHTaTa.
MCKT-uccnepoBsanue

DAl https://doiorg/10.17816/0V546107

Fig. 8. Patient, 21 y. 0. 2,5 years after surgery with im-
plantation of an endoprosthesis with modified geometry.
MSCT of the socket

Puc. 8. Maument, 21 roa. 2,5 ropga nocne onepauum ¢ UM-
nnaHTauWen 3HAOMPOTE3a C M3MEHEHHOW reoMeTpuei.
MCKT-uccneposatue

Fig. 10. Patient, 42 y. 0. The state after surgery using an
implant with modified geometry (@), and multiple fragments
of the same material in the tissues of the orbit (b, shown by
arrows)

Puc. 10. MaumeHTka, 42 ropa. CoctosHue nocne onepauymm
C MCM0JIb30BaHMEM UMMJIaHTaTa C U3MEHEHHON reoMeTpueit (a)
1 MHOXECTBEHHbIMW (parMeHTaMu U3 Takoro Xe Matepuana
B TKaHsAX opbuTkl (b, NoKasaHo cTpenkamm)
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Fig. 11. Patient, 33 y. 0.: ¢ — general view of the conjunctival cavity without prosthesis. Edema of the conjunctiva covering the stump
and anophthalmic cavity; b — MSCT study. Soft tissue hypertrophy anterior to the implant with modified geometry. Thin-walled prosthesis;
¢ — general view with prosthesis. Deformation of eyelids, protrusion of a thin-walled prosthesis due to hypertrophy and edema of soft tissues
Puc. 11. MaumeHTka, 33 rofa: @ — o6LMIA BUL KOHBIOHKTMBANBbHOM NonocTv 6e3 npoTesa. OTEK KOHBIOHKTUBANBbHOMA 000/104KM KyNbTU
1 aHogTanbMmM4ecKoii nonoctu; b — MCKT-uccnepoBanme. MnepTpodus MArKMX TKaHei Knepeay 0T UMMJIaHTaTa C U3MEHEHHON reoMe-
Tpueil. TOHKOCTEHHBIW NpoTes; ¢ — 06LwwMi BUA ¢ npoTe3oM. [leopMaumst BeK, BbICTOSHUE TOHKOCTEHHOO NPOTe3a 3a CYET rUnepTpodum
1 OTEKa MATKUX TKaHel

implant with a changed geometry with industrially pro-
duced ones, calculated with the parameters of the paired
orbit. If a patient subsequently detects a residual volume
deficit in the soft tissues of the orbit, further correction
of the volume deficit using other surgical techniques was
recommended [17].

DISCUSSION OF THE OBTAINED
RESULTS

Making design changes intraoperatively and imme-
diately before implantation into the patient’s tissue is
a practice that was used in ophthalmic surgery during
the second half of the twentieth century, when sufficient
knowledge was not accumulated about the effects of
polymers on body tissues, and the study of toxicity and
assessment of the biosafety of implants were approxi-
mate. In subsequent years, manufacturers have steadily
improved the quality of manufactured polymer implants
and used the most advanced methods for assessing the
toxicity of made products due to changes in legislation in
a number of countries towards stricter requirements for
the biosafety of polymer implants [18].

The non-industrial manual (handicraft) method of
changing the geometry, in other words, cutting off part
of a polymer implant with scissors or a scalpel, in our
opinion, has several negative aspects.

Firstly, the mechanical impact is not accompanied
by processing of the edges of the cut-off surface of the
polymer product, which is technically impossible to per-
form efficiently during the operation. The left sharp edge
of the implant subsequently, when located in the orbital
tissues, contributes not only to the contouring of the edge
of the implant liner, thinning of the tissues covering it,
but also contributes to the formation of a defect in the
integumentary soft tissues (Tenon’s membrane and con-
junctiva) above the “cut” area (Fig. 5). Taking into account
the active movement of the formed supporting stump and
the close contact with the external cosmetic prosthesis,
which must be adjacent with its rear surface to the front
surface of the formed supporting stump, using the forces

DOl https://doiorg/10.17816/0V546107

of capillary adhesion, this change in the shape of the
front surface of the stump only intensifies. Displacement
(rotation) of the “cut surface” of the implant along an
unpredictable vector during the wound healing process
leads to an uneven profile of the supporting stump, its
incomplete adherence to the external prosthesis and the
emergence of conditions for the formation of “free spac-
es” between the stump and the posterior surface of the
external prosthesis. Such a space or spaces are quickly
filled with thickening tears and create favorable condi-
tions for the development of infectious processes in the
conjunctival cavity of the anophthalmic orbit, contribute
to chronic inflammation of the eyelids, the appearance
and intensification of signs of DASS syndrome — dry
anophthalmic socket syndrome [19].

Secondly, the implant itself acquires other biome-
chanical characteristics after changing the geometry and
can shift in the tissues of the orbit during the formation
of the capsule under conditions of constant movement of
the stump, especially after enucleation (Fig. 10, b).

Thirdly, when the geometry of the endoprosthetic im-
plant is changed, its volumetric characteristics are dis-
rupted in the direction of its reduction, as shown in our
work (Fig. 1), and taking into account the disappearance
of edema in the tissues of the orbit after 4—6 months
after the operation, a symptom complex of “orbital vol-
ume insufficiency” occurs — the displacement of the
stump, deepening of the orbitopalpebral groove of the
upper eyelid and prolapse of the upper eyelid, insufficient
range of movements of the supporting stump and exter-
nal prosthesis. In subsequent periods, these processes in
the orbital tissues only intensify.

Fourthly, unsaturated bonds appear at the border of the
modified implant polymer [20], which, in our opinion, can
exhibit their toxic properties, which can be clinically de-
tected in the form of an aseptic inflammatory process with
hypertrophy of the soft tissues of the orbit (Figure 11, a).
An increase in the volume of soft tissues near the mus-
culoskeletal stump (Fig. 11, b) directly affects the quality
of external ocular prosthetics and the appearance of the
patient (Fig. 11, ¢).
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Any patient who is about to undergo globe remov-
al surgery would like to receive high mobility in the
postoperative period not only of the formed supporting
stump, but also the mobility of the cosmetic prosthe-
sis. In this case, the operated patients also pay attention
to the characteristics of the upper eyelid, in particular,
to the profile of the superior orbital-palpebral groove
and the condition of the lower eyelid. With the cor-
rect calculation of the parameters of the orbital sphere
without changing its geometry and the gentle nature of
the surgical intervention, adequate and timely cosmetic
individual prosthetics in the postoperative period, the
conditions for the occurrence of retraction of the upper
eyelid are minimized. All preoperative parameters of the
operated globe should be taken into account, the de-
gree of soft tissue subatrophy and the presence of bone
deformities of the operated and paired orbit should be
identified [15].

In situations where iatrogenic changes occur in the
intraoperative geometry of the orbital sphere, the volume
of the polymer implant decreases by an arbitrary amount
immediately during the implantation process, which is
guaranteed to cause retraction of the upper eyelid af-
ter the disappearance of edema in the soft tissues of
the orbit at the stage of cosmetic prosthetics. Solving
the problem of retraction only by selecting and installing
a larger external prosthesis will lead to the appearance
or intensification of lagophthalmos and additional stress
on the lower eyelid in these patients.
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CONCLUSIONS

Thus, operations aimed on forming a musculoskeletal
stump should be performed using microsurgical tech-
niques under magnification, with the introduction of indi-
vidually designed orbital spherical implants without any
changes to their geometry with reliable tissue coverage
to prevent their possible thinning above the surface of
the polymer material. If tissue defects are detected above
the surface of the implants, microsurgical debridement of
the wound with replacement of the implanted material is
necessary — in this case, the timing of delayed implan-
tation is decided on an individual basis.
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