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ABSTRACT

Purpose To evaluate the influence of optical biometry data

(axial eye length, anterior chamber depth) on planning stra-

bismus surgery using a simulation software and partial least

squares regression.

Methods This retrospective study included patients who had

undergone strabismus surgery in one eye involving only the

horizontal eye muscles. Furthermore, optical biometry had

been performed and the extent of strabismus had been mea-

sured pre- and postoperatively. In the next step the strabis-

mus surgery was simulated (See++, RISC, Austria) with and

without axial eye length data. In the last step, anatomical data

of the eye were used and their influence on the postoperative

extent of strabismus was evaluated using partial least squares

regression and boot strapping.

Results Of 97 patients, 92 were included in the analysis. In all

cases the extent of strabismus was reduced by at least 25%

and in 60% of the cases the reduction was at least 75%. Taking

the axial eye length into account improved the simulation

slightly (change of surgical planning: 0.30mm, standard devi-

ation 1.65mm).

DiscussionThe simulation model used showed that including

the axial eye length is useful for strabismus surgery planning.

However, the anterior chamber depth/axial eye length was

found to have a significantly greater impact.

ZUSAMMENFASSUNG

Hintergrund Evaluierung des Einflusses von biometrischen

Daten (Augenlänge, Vorderkammertiefe) auf die Planung der

Augenmuskeloperation mithilfe einer Simulationssoftware

und „Partial-least-Squares-Regression“.

Material und Methoden In diese retrospektive Studie wur-

den Patienten/-innen eingeschlossen, bei denen auf einem

Auge eine Augenmuskeloperation an einem oder beiden hori-

zontalen Augenmuskeln stattgefunden hatte. Zusätzlich wur-

de eine optische Biometrie durchgeführt und der Schielwinkel

in der Ferne vor und nach der Augenmuskeloperation gemes-

sen. Im nächsten Schritt wurde die Operation mittels Simula-

tionsprogramm (See++, RISC, Österreich) mit und ohne axiale

Augenlänge simuliert und mit der tatsächlichen OP-Strecke

verglichen. Im letzten Schritt wurde dann der Einfluss ver-

schiedener anatomischer Parameter des operierten Auges

auf den postoperativen Schielwinkel untersucht. Dafür wurde

zuerst eine Partial-least-Squares-Regression (variable impor-

tance of projection, VIP) und danach ein Boot-Strapping-Ver-

fahren verwendet.

Influence of Biometric Data on Planning
Strabismus Surgery

Einfluss von biometrischen Daten auf die Planung
der Augenmuskeloperation
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Background
In principle, when strabismus surgery is performed on the hori-
zontal eye muscles, whether on one muscle only or on both in
combination, the preoperative angle of deviation is corrected
(“eye muscle modification”) so as to achieve a result as close as
possible to the orthoposition. This cancels out the combined tor-
sional moments of the agonist and antagonist muscles (e.g., the
medial rectus and the lateral rectus muscles). The eye movements
are then concomitant within the given range of rolling motion [1,
2]. The See++ eye modelling software that we used (Seekid soft-
ware: RISC Software GmbH, Hagenberg, Austria) is a biomechan-
ical eye model designed to facilitate a basic understanding of the
biological structures of the eye and to enable a mechanical analy-
sis and understanding of eye movements [3].

One variable that is used in all of the calculation models, e.g.,
“Orbit” and “See++”, is the preoperative angle of deviation. In
most cases it is assumed that there is a fixed relationship between
the preoperative angle of deviation and the required incision
length (dose-response relationship) [4, 5].

Many experienced surgeons use their empirical knowledge
to supplement this linear prediction model. This aspect of
personal experience, for example assessing the elasticity of the
tissue (e.g., in the case of repeated operations), eye length [6–
8], and other factors can be simulated, variably modified, and
tested in the Seekid biomechanical eye model.

The goal of our study was to simulate the measured preopera-
tive angle of deviation (pathology) and biometric data of the eye,
and then to simulate the strabismus operation (including all reces-
sions, plications and resections [in mm]) and compare the simula-
tion with the actual clinical results.

Methods
In this retrospective study we included patients who had under-
gone strabismus surgery in one eye, on one or both horizontal
eye muscles. Inclusion criteria were the presence of preoperative
optical biometry data (IOLMaster500, Carl Zeiss Meditec AG, Ger-
many) and preoperative and postoperative (8 weeks) angle of de-
viation measured at distance. Patients who had undergone sur-
gery in both eyes or on muscles other than the horizontal eye
muscles, or who had already had a previous eye operation, were
excluded. Because of the retrospective nature of this study, surgi-
cal planning was carried out according to the “surgeonʼs choice”
principle. For this purpose, as a starting point we applied the fol-

lowing fixed dose-response relationship: a recession of 1mm re-
duces the angle of deviation by 2°, a plication of 1mm reduces
the angle of deviation by 3°. However, the surgeon was free to ad-
just the incision size according to personal experience and the
known eye length.

All simulations were carried out retrospectively. The angle of
deviation was measured both before and after the operation, us-
ing either an alternate or unilateral prism cover test depending on
whether the strabismus was manifest or latent.

All data were imported into an Excel file (Microsoft for Mac,
Version 16.43, Microsoft, USA+Xlstat-plug-in), in anonymized
form, and the optical biometry data were added as a batch ex-
port/import. In the next step, all of the data were imported into
the Seekid program.

For evaluation purposes we always used the total incision
length, so as to also be able to depict the effect when two eye
muscles where operated on. In all cases we first simulated the pa-
thology, and then the strabismus operation as follows:
1. Simulation of the optimum incision length as determined by

Seekid, without knowing the postoperative angle of deviation
(T.K.):
a) without taking the eye length (or corresponding muscle ra-

dius) into account. Here we used 11.994mm as a standard
value for the axial bulb radius;

b) taking the eye length into account.
2. Simulating the actual incision length:

a) “surgeonʼs choice” – set dose-response relationship with
empirical values (G.P.).

3. Using partial least squares regression to optimize the predic-
tion.

Seekid (See++ software)

This software, developed in Linz (RISC Software GmbH, Hagen-
berg, Austria), enables computer-supported planning of the stra-
bismus operation through digital adaptation of conventional oph-
thalmotropes manufactured by Ruete, Donder or Wundt. The
software displays a biomechanical 3D model of the eye which
can be influenced through simulation of surgical incisions; this
model has already been evaluated [9]. By entering the axial eye
diameter in Seekid [2], it is also possible to adjust the muscle radi-
us (the medial rectus muscle has a radius approx. 1.093mm larger
relative to the eye length, and the lateral rectus muscle more or
less corresponds to the axial eye length).

Ergebnisse Insgesamt wurden 97 Patienten/-innen in die

Studie eingeschlossen, und 92 Datensätze konnten analysiert

werden. In allen Fällen wurde der Schielwinkel um mindestens

25% reduziert und in 60% konnte eine Reduktion von mindes-

tens 75% erreicht werden. Die Berücksichtigung der Augen-

länge verbesserte die Simulation geringfügig (0,3 mm Ände-

rung der Operationsstrecke, Standardabweichung: 1,65mm).

Ein relevanter Einfluss konnte für die Faktoren präoperativer

Schielwinkel (VIP: 1,8), gefolgt von Vorderkammertiefe (VIP:

1,0) und Alter (VIP: 0,9) gezeigt werden. Signifikant höher

war er, verglichen zu einzelnen Parametern, bei der Ratio Vor-

derkammertiefe/Augenlänge.

Schlussfolgerung Das verwendete Simulationsmodell konn-

te zeigen, dass die Verwendung der axialen Augenlänge zu

einer geringen Verbesserung der Planung der Augenmuskel-

operation führt. Einen größeren Einfluss hatte allerdings die

Berücksichtigung der Ratio Vorderkammertiefe/Augenlänge.
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Statistics

For the descriptive analysis we reported the mean value and stan-
dard deviation. The predictive models are based on partial least
squares regression, because this form of regression is better able
to avoid problems that arise with overfitting and interactions be-
tween variables, and also allows nonlinear conclusions. The re-
gression was then validated using bootstrapping methods. Both
of these procedures are described elsewhere in detail [10, 11].
The predictive power of the regression model is reported as the
“variable importance for projection” (VIP). A value with a mean
deviation of over 0.8 indicates a high level of predictive power.

Results

Preoperative angle of deviation

Out of 97 patients initially included, 5 had to be excluded because
the preoperative angle of deviation was too large; simulation in
Seekid only allows a maximum angle of 30 degrees. The following
data relate to the remaining 92 patients. The mean age was
30.2 years (ranging from 6 to 78); 41 patients were female
(44.6%) and 51 male (55.4%). Of these, 38 patients had their right
eye operated, and 54 patients had their left eye operated. The
mean eye length of the operated eyes was 23.40mm (SD: 1.50),
▶ Table 1.

The preoperative angle of deviation was convergent in 41 cases
(44.6%), and divergent in 51 cases (55.4). In this study we did not
distinguish between primary strabismus and decompensated
heterophoria.

All operations were performed by the same experienced stra-
bismus surgeon (G.P.). ▶ Table 2 shows the frequency of the
operations performed. In most cases, a combined operation was
performed involving recession and plication (n = 78, 84.8%).

Postoperative angle of deviation
and predictive models

The mean reduction in angle of deviation was 21.0 prism diopters,
with a standard deviation of 8.5 prism diopters. This corresponds
to a reduction of 76.0% (standard deviation: 17.4%). There were
no cases of reduction less than 25%, and a reduction of at least
75% was achieved in nearly 60% of cases (▶ Fig. 1). In one case
there was an overcorrection of over 10 prism diopters, and in
three cases there was an overcorrection of less than 10 prism
diopters. There was no significant difference between convergent
and divergent angles of squint in relation to the success of the
operation (p = 0.31).

There was only a slight correlation between postoperative
angle of deviation and eye length (r2 = 0.002). While the correla-
tion between the postoperative angle of deviation and anterior
chamber depth was five times higher than this, it was still small
(r2 = 0.010).

The different models did not show any significant differences
with regard to incision length. The total mean deviation between
the actual incision length and the simulated incision length with-
out taking eye length into account was 0.30mm (SD: 1.65). This
mean deviation was reduced by more than half (0.14mm, SD:
1.71) when eye length was taken into account in the model
(▶ Fig. 2). A similar mean deviation was observed when compar-
ing the two simulated incision lengths (with and without eye
length data) (0.16mm, SD: 0.56). The influence of eye length on
planning was 1.6 times greater for convergent strabismus than for
divergent strabismus.

▶ Table 1 Descriptive data for the patient cohort.

Mean (standard deviation) Minimum–Maximum

Eye length (mm) 23.40 (1.49) 20.65–29.34

Anterior chamber depth (mm) 3.41 (0.44) 2.07–4.48

Corneal radii (mm) 7.72 (0.30) 7.00–8.57

White-to-white (mm) 12.14 (0.44) 10.85–13.48

▶ Table 2 Number of recessions, plications, and combined opera-
tions, and the muscles involved.

Recession Plication Combined
operation

Lateral rectus
muscle

1 2 78

Medial rectus
muscle

8 3

▶ Fig. 1 Angle ofdeviation reduction due to strabismus surgery in%.
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Regression model

In an initial model, we included the following explanatory vari-
ables: preoperative angle of deviation measured at distance (°),
eye length (EL, mm) incl. ACD, anterior chamber depth (ACD,
mm), white-to-white distance (mm) and mean corneal radius
(mm). The following factors were found to have a relevant influ-
ence: preoperative angle of deviation (variable importance of pro-
jection, VIP: 1.8), followed by ACD (VIP: 1.0) and age (VIP: 0.9)
(▶ Fig. 3). The bootstrapping model showed significance for all

three factors. Although eye length did not show significant influ-
ence (VIP: 0.6), it was included in the subsequent model. The re-
sulting model showed a good ability to predict the postoperative
angle of deviation, although again eye length did not prove to be a
significant factor:

ASpostOP = − 7.0 + 0.4*ASpreOP − 2.4*ACD + 0.6*age + 0.5*EL

The analysis showed a synergistic effect between eye length and
anterior chamber depth. By simulating various effects, we were
able to show that the ACD/EL ratio was associated with signifi-
cantly better ability to predict the postoperative angle of devia-
tion than ACD or EL alone (▶ Fig. 4a and 4b).

ASpostOP = 7.9 + 0.05*age + 0.33*ASpreOP − 70.6*ACD/EL

Discussion
This study shows that taking biometric data into account when
planning a strabismus operation can significantly improve the
ability to predict the postoperative angle of deviation. Moreover,
it appears that while eye length is relevant, it is not the best pa-
rameter to use for this kind of optimization; it seems that the an-
terior chamber depth/eye length ratio is better suited for this pur-
pose. What makes the anterior chamber depth/eye length ratio a
relevant factor is a question we are unable to answer in this article.
One possibility is that this ratio enables a better description of the
bulb diameter (or its difference measured nasally or temporally).

The significance of taking eye length into account has already
been investigated in other studies [6, 7]. In a randomized study,
Bisse et al. [7] showed that this correction is beneficial in particu-
lar to farsighted patients with a refraction of at least + 2.0 D. In
this study, patients with a convergent angle of deviation benefited
more from taking eye length into account than did patients with a

▶ Fig. 2 Comparison between actual incision length (x-axis) and
simulated incision length (y-axis) in mm. Circle = eye length not
taken into account, triangle = eye length taken into account.

▶ Fig. 3 Partial least squares regression model (PLSR, left) and bootstrapping (right) used to predict the postoperative angle of deviation.
Under the PLSR model, a VIP of at least 0.8 is classed as relevant. The factor that had the largest influence was the preoperative angle of
deviation, followed by anterior chamber depth. acd_op = preoperative anterior chamber depth in mm; el_op = preoperative eye length in mm;
preOP_angle_grad_abs = preoperative angle of deviation measured at distance in degrees; r_mean =mean corneal radius in mm; wtw_op =
preoperative white-to-white distance in mm.
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divergent angle of deviation. Similar results were obtained by
Kushner et al. [12]. This study showed an inverse correlation be-
tween eye length and calculation of the postoperative angle of
deviation, although the correlation was smaller for divergent stra-
bismus than for convergent strabismus. This has also been con-
firmed in a study by Broniarczyk-Loba et al. [13]. This study found
a strong correlation between eye length and postoperative angle
of deviation for convergent strabismus, but not for divergent stra-
bismus. Gräf et al. [8] also found a strong correlation for conver-
gent strabismus but not for divergent strabismus, and made the
recommendation that bulb length should at least be taken into
account if the total incision length is 10.0mm or more.

Kushner et al. [14] did not find eye length to have any relevant
influence on the (calculated) postoperative angle of deviation,
although this finding contradicts one of their own earlier studies.
Although this study confirms a correlation between eye length
and the effect of the operation (the shorter the eye, the greater
the effect), the authors were not able to create a model in which
taking the eye length into account enabled an actual improve-
ment to be made in the calculation of the incision length.

In general, for strabismus operations, the bulb diameter (in the
frontal plane) is more relevant than the axial eye length. Accord-
ingly, the software we used in this study (See++) allowed us to en-
ter the bulb diameter (resulting from a linear function of the eye
length). Kim et al. succeeded in showing that it is not possible to
derive the bulb diameter from eye length alone, and proposed the
following calculation: BD = EL * π/4 − corneal diameter/2 [15].

However, this calculation model also has limitations, as there
appears to be only a small correlation between corneal diameter
and bulb diameter [16].

Abstract
To our knowledge, this is the first study to show that other
biometric data apart from eye length are relevant for calculating
the incision length. The See++ eye model [2] allows biometric da-
ta to be entered, and then used variably in simulations. Based on
these inputs, by entering the axial bulb radius, it was possible to
co-adjust the corresponding muscle radii, pulley parameters, etc.
Perhaps in the future Seekid could be expanded to include the an-
terior chamber depth/eye length ratio as a factor, as is enabled by
the softwareʼs “operation generator”. In addition, we were able to
show that a nonlinear regression model is useful for predicting the
optimum incision length, and that digital ophthalmotrope soft-
ware is necessary for this purpose. However, the relevant compo-
nents must always be selected by an experienced strabismus sur-
geon. This study clearly shows that only empirical optimization
applied by an experienced surgeon leads to results of similar qual-
ity. A limitation of this study was the exclusion of very large angles
of squint. It appears that experienced strabismus surgeons have a
good ability to take the effect of eye length into account when de-
termining the full extent of the incision [5,8], obtaining results of
a similar quality to those produced by calculation software.

▶ Fig. 4 a Partial least squares regression model used to predict the postoperative angle of deviation, including the anterior chamber depth/eye
length ratio (ACD/EL). The factor with the greatest influence was the preoperative angle of deviation, followed by the anterior chamber depth/eye
length ratio. This model shows that the ratio has a greater effect than anterior chamber depth on its own. acd_op = preoperative anterior chamber
depth in mm; al_op = preoperative eye length in mm; preOP_angle_grad… = preoperative angle of deviation measured at distance; ratio_ACD/
EL = anterior chamber depth/eye length ratio in mm. b Correlation between actual postoperative angle of deviation (y-axis) and the angle of
deviation simulated using the partial least squares regression model, taking into account the anterior chamber depth/eye length ratio (x-axis).
The curved lines represent the 95% confidence interval.
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