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Effects of Surgical Assistant’s Level of Resident Training on 
Surgical Treatment of Intermittent Exotropia: Operation Time and 

Surgical Outcomes
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Purpose: To evaluate the effects of the surgical assistant’s level of resident training on operation time and surgi-

cal outcome in the surgical treatment of intermittent exotropia.

Methods: This study included 456 patients with intermittent exotropia who underwent lateral rectus recession 

and medial rectus resection and were followed up for 24 months after surgery. The patients were divided into 

two groups according to the surgical assistant’s level of resident training: group F (surgery assisted by a first-

year resident [n = 198]) and group S (surgery assisted by a second-, third-, or fourth-year resident [n = 258]). 

The operation time and surgical outcomes (postoperative exodeviation and the number of patients who under-

went a second operation) were compared between the two groups.

Results: The average operation times in groups F and S were 36.54 ± 7.4 and 37.34 ± 9.94 minutes, respective-

ly (p = 0.33). Immediate postoperative exodeviation was higher in group F (0.79 ± 3.82 prism diopters) than in 

group S (0.38 ± 3.75 prism diopters). However, repeated-measures analysis of variance revealed no significant 

difference in exodeviation between the two groups during the 24-month follow-up period (p = 0.45). A second 

operation was performed in 29.3% (58 / 198) of the patients in group F, and in 32.2% (83 / 258) of those in 

group S (p = 0.51).

Conclusions: No significant difference in operation time was observed when we compared the effects of the 

level of resident training in the surgical treatment of intermittent exotropia. Although the immediate postopera-

tive exodeviation was higher in patients who had undergone surgery assisted by a first-year resident, the sur-

gical outcome during the 24-month follow-up was not significantly different.
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The main purpose of strabismus surgery is to align the 
eyes to their primary position. Previous studies have iden-
tified several factors related to surgical outcomes in inter-
mittent exotropia: preoperative angle deviation, near and 
distance angle deviation difference, and age at surgery [1-
3]. In addition, the main surgeon must perform a safe and 
exact procedure to ensure good surgical outcomes; the as-
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sistant’s ability to facilitate the procedure and expose the 
proper surgical field is also important. Indeed, the assis-
tant’s level of training can influence operation times and 
complication rates in other fields of surgery, such as lapa-
roscopic cholecystectomy or colon surgery [4,5]. However, 
there have not been any studies investigating the associa-
tion between the level of assistant training and surgical 
outcomes in the surgical treatment of intermittent exotrop-
ia. Therefore, the purpose of this study was to investigate 
the effects of the surgical assistant’s level of resident train-
ing on operation time and surgical outcomes in the treat-
ment of intermittent exotropia.

Materials and Methods

This study was approved by the institutional review 
board of Yeungnam University Hospital (YUH-14-
0395-O40). Informed consent was waived by the board. A 
retrospective medical chart review was performed in pa-
tients with intermittent exotropia who had undergone lat-
eral rectus recession and medial rectus resection (R&R) 
at Yeungnam University Hospital between August 1991 
and October 2011 and were followed up for 24 months af-
ter surgery. Only patients with the basic type of intermit-
tent exotropia with a distance deviation within 10 prism 
diopters (PD) of the near deviation were included in this 
study. Patients with pseudo-divergence excess, as deter-
mined using the patch test, were excluded, as were those 
with constant exotropia, oblique muscle dysfunction, dis-
sociated vertical deviation, an A-V pattern, nystagmus, 
previous intraocular surgery, any neurological impair-
ments, or severe unilateral amblyopia. Patients missing 
any regular follow-up over the 24 months after surgery 
were also excluded. There were three residents in each 
grade at our clinic. All surgeries were assisted by a ran-
domly participating resident from the first to fourth year. 
The included patients were divided into two groups ac-
cording to the level of resident training of the surgical as-
sistant: group F (patients with intermittent exotropia who 
had undergone surgery assisted by a first-year resident) 
and group S (patients with intermittent exotropia who had 
undergone surgery assisted by a second-, third-, or fourth-
year resident).

Preoperative and postoperative evaluations

At the initial visit, all patients underwent an examination 
for ophthalmologic evaluation that included best corrected 
visual acuity measurement, slit-lamp biomicroscopy, a di-
lated fundus examination, refractive error measurement, 
and a stereoacuity test. In cooperative children, the angle 
of deviation was measured both before and after surgery 
using the alternate prism cover test at 6 m and 33 cm fixa-
tion. Best-corrected visual acuity was measured when pos-
sible. If the patients were too young for optotype testing at 
the initial visit, the visual acuity was evaluated based on 
the fixation preference. To measure the largest angle of de-
viation, an additional near measurement was obtained after 
1 hour of monocular occlusion of the non-dominant eye. 
The post-occlusion near measurement was then obtained 
before binocular fusional ability was restored, with an ad-
ditional +3.00-diopter (D) sphere over each eye. Stereoacu-
ity was confirmed using the Lang 1 test (Lang-Stereotest 
AG, Küsnacht, Switzerland) and the Stereo Fly Stereotest 
(Stereo Optical, Chicago, IL, USA) when the patient was 
able to cooperate and complete the test. All surgeries were 
performed by a single surgeon (KMM) using a fornix inci-
sion with the patient under general anesthesia. The surgical 
dosage of R&R in our clinic is demonstrated in Table 1. 
The operation time was defined as the duration from be-
ginning to end of the surgical procedure as assessed by the 
anesthetic chart. The angle of deviation during the first fol-
low-up visit, which took place within one week of surgery, 
was defined as the immediate postoperative deviation. The 
patients were followed up at 1, 3, 6, and 12 months after 
surgery, and every 6 months thereafter.

Table 1. Surgical dosage of LR recession and MR resection 
for patients with intermittent exotropia at Yeungnam Univer-
sity Hospital 

Prism diopter Recession amount
of LR

Resection amount
of MR

25 4 3
30 4 4
35 5 4
40 5 5
45 7 5
50 8 5
55 8 6

LR = lateral rectus muscle; MR = medial rectus muscle.
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Statistical analysis

Independent t-tests were performed for continuous 
variables. To compare non-continuous variables, the chi-
square method was used. The operation time and surgical 
outcomes (exodeviation at each follow-up visit for 24 
months, and number of patients who underwent a second 
operation until the last follow-up) were compared be-
tween the two groups. To enhance statistical analysis, pa-
tients who missed any regular follow-up over the 24 post-
operative months were excluded from the study. Repeated 
measures analysis of variance was performed to compare 
the postoperative angle of deviation. All data were ana-
lyzed using IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, 
USA). All p-values <0.05 were considered statistically 
significant.

Results

Demographics and clinical characteristics of patients

A total of 456 patients with intermittent exotropia met 
the inclusion criteria for this study and were classified into 

two groups according to the level of assistant training. Of 
these, 198 patients were included in group F and 258 pa-
tients were included in group S. Table 2 shows the demo-
graphic and clinical characteristics of the two groups. 
There were no significant differences in gender distribu-
tion, age at surgery, spherical equivalent refractive error, 
anisometropia, preoperative angle of deviation, laterality 
of the operated eye, and stereotest results between the two 
groups. 

Operation time and surgical outcomes according to 
the level of resident training of the surgical assistant

Group F (36.54 ± 7.49 minutes) had a shorter mean oper-
ation time than group S (37.34 ± 9.95 minutes); however, 
this difference failed to reach statistical significance (p = 
0.33). The immediate postoperative angle of deviation was 
larger in group F (0.79 ± 3.82 PD) than in group S (0.38 ± 
3.75 PD) (Table 3); however, repeated-measures analysis of 
variance revealed that there was no significant difference 
in exodeviation between the two groups during the 24 
months of follow-up (p = 0.45) (Fig. 1). A second operation 
was performed in 29.3% (58 / 198) of the patients in group 
F, and in 32.2% (83 / 258) of the patients in group S until 

Table 2. Demographics and clinical characteristics of patients in groups F and S

Characteristics Group F (n = 198) Group S (n = 258) p-value
Sex (male : female)    95 : 103 115 : 143 0.47*

Age at surgery (yr)   7.75 ± 5.30 7.08 ± 3.63 0.11†

SE refractive error (D)
   Right eye -0.42 ± 1.86 -0.19 ± 1.59 0.16†

   Left eye -0.45 ± 1.90 -0.15 ± 1.49 0.07†

SE anisometropia (D)
   <1.00 178 238

0.38*

   ≥1.00 20 20
Preoperative exodeviation (PD)
   Distant 32.37 ± 4.85 32.40 ± 4.79 0.95†

   Near 33.09 ± 5.32 33.19 ± 5.38 0.84†

Operated eye (right : left) 100 : 98 111 : 147 0.11*

Result of stereotest
   Lang 1 test, passed (%) 175 / 188 (93.1) 222 / 244 (91.0) 0.43*

   Stereo Fly Stereotest (≤100 arcsec) 64 / 81 (79.0) 79 / 109 (72.5) 0.30*

Group F: patients with intermittent exotropia who underwent surgery assisted by a first-year resident. Group S: patients with intermittent 
exotropia who underwent surgery assisted by a second-, third- or fourth-year resident.
SE = spherical equivalent; D = diopter; PD = prism diopter.
*Chi-square test; †Independent samples t-test. 
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the last follow-up. This difference was not significantly 
different between the two groups (p = 0.51) (Table 3).

Discussion

Operation time and surgical outcomes are closely related 
in most fields of surgery. Specifically, longer operation 
times usually lead to more postoperative complications 
[6,7]. Many factors contribute to operation time such as the 
skill level of the main surgeon, the patient’s status at the 
time of surgery, and the function of the surgical assistant. 
In other fields of surgery, surgeries assisted by lower level 
residents are associated with significant increases in surgi-
cal times, complications, and costs [4,5,8,9]. However, 
there have not been any studies investigating the relation-
ship between the level of training of surgical assistants and 
outcomes in surgery to correct strabismus.

In the present study, we focused on how the level of 
training of surgical assistants affected the operation time 
and outcomes after surgery for intermittent exotropia, the 
most common type of strabismus among Asian patients. 
The R&R procedure is one of the most common surgical 
methods used to correct exotropia. In contrast with other 
surgical procedures, such as unilateral or bilateral lateral 
rectus recession, an assistant’s skill can affect the surgery 
and surgical outcomes in the R&R procedure because this 
technique involves providing a complex surgical field and 
exposure of the medial rectus muscle [10]. In South Korea, 

residents usually participate in surgery as surgical assis-
tants. Therefore, in the present study, the level of training 
of surgical assistants was stratified according to the level 
of resident training. Winter et al. [11] reported that the op-
eration time in strabismus surgery was longer when lower 
level residents acted as surgical assistants, and that this in-
creased operation time led to additional surgical costs. 
They suggested that experience and interest in the surgical 
procedure affected the operation time. However, although 
group F had shorter operation times than group S in the 
current study, the difference was less than a minute. Prior 
to the study, we speculated that surgery assisted by lower 
level residents would have a longer operation time; how-
ever, our results ran contrary to our speculation, suggest-
ing that the level of training of surgical assistants does not 
drastically affect the operation time in surgical treatment 
of intermittent exotropia. Moreover, surgical outcomes did 
not show a significant difference between the two groups. 
In other fields of surgery, previous studies have reported 
that an assistant’s level of training affects both the surgery 
and surgical outcomes [4,5,12], although some studies 
have claimed that this relationship is minimal [13,14]. It 
may be that this association is due to the learning curve 
for surgical procedures and the use of surgical instru-
ments. For example, in laparoscopic surgery, even the 
main surgeon has a steep learning curve and must become 
accustomed to laparoscopic instruments and the view of 
internal organs through these instruments. In the same 
way, assistants need time to become familiar with anato-

Table 3. The operative time and surgical outcomes of patients in groups F and S

Group F (n = 198) Group S (n = 258) p-value
Operative time (min) 36.54 ± 7.49 37.34 ± 9.95 0.33*

Postoperative exodeviation (prism diopter)
   Immediately 0.79 ± 3.82 0.38 ± 3.75
   1 mon 3.28 ± 4.25 3.24 ± 5.00
   3 mon 6.29 ± 5.98 6.17 ± 5.95
   6 mon 8.94 ± 6.53 9.19 ± 7.00
   12 mon 11.20 ± 7.46 11.50 ± 7.67
   18 mon 12.96 ± 8.16 13.09 ± 7.83
   24 mon 14.12 ± 8.38 14.69 ± 8.51
No. of patients who underwent a second surgery (%) 58 / 140 (29.3) 83 / 175 (32.2) 0.51†

Group F: patients with intermittent exotropia who underwent surgery assisted by a first-year resident. Group S: patients with intermittent 
exotropia who underwent surgery assisted by a second-, third- or fourth-year resident.
*Independent samples t-test; †Chi-square test.
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my as viewed through the laparoscope, and to become 
comfortable with the use of laparoscopic surgical instru-
ments. In particular, Hwang et al. [15] reported that novice 
assistants must take part in at least 38 laparoscopic opera-
tions before they can function adequately. For strabismus 
surgery, the exact number of cases needed for assistants to 
become accustomed to the procedure has not been deter-
mined. However, differences in the time taken for an as-
sistant to become comfortable with the operation or use of 
instruments may affect operation times and outcomes. In 
the present study, the immediate postoperative angle of 
deviation was larger in group F (0.79 ± 3.82 PD) than in 
group S (0.38 ± 3.75 PD). This difference in the immediate 
postoperative deviation between the two groups may be 
due to the amount of medial R&R as affected by the train-
ing level of the assistant. During the medial R&R proce-
dure, the assistant exposes the medial rectus and surgical 
field using two muscle hooks. A study by Jeon et al. [10] 
showed that the amount of medial R&R can be changed 
with the muscle hooks, so there may be differences in the 
ocular muscle resection with different assistants during 
the same surgical procedure with the same surgeon. How-
ever, in their follow-up study, the same investigators con-
cluded that these errors were not likely to influence surgi-
cal outcomes [16]. Our study agrees with the results above, 
although the immediate postoperative angle of deviation 

was larger in patients who had undergone surgery assisted 
by a f irst-year resident (group F). Throughout the 
24-month follow-up period, there was no significant dif-
ference in the angle of deviation between the two groups, 
suggesting that the surgical outcome is not affected by the 
level of assistant training in the surgical treatment of in-
termittent exotropia.

This study had some limitations. First, we were not able 
to analyze interpersonal differences in the level of surgical 
assistants among residents because of the retrospective na-
ture of the study. Since there were only three residents in 
each grade, interpersonal differences could have inf lu-
enced the surgical outcome. To clarify the effect of this 
factor, a prospective study stratified by each individual 
resident may be considered in the future. Second, this 
study only included patients with intermittent exotropia 
who had undergone the R&R procedure. Therefore, the re-
sults do not ref lect the association between surgical out-
comes and level of assistant training in other surgical pro-
cedures such as unilateral or bilateral rectus recession. The 
influence of assistant training level in surgeries for other 
types of strabismus including the restrictive type and 
re-operation is also questionable. Third, differences in as-
sistant skill by monthly period and their effect on surgical 
outcome were not analyzed. There may be differences in 
assistant skill between the early and late learning phase of 
first year residents. However, we were unable to analyze 
the association between the monthly learning effect and 
surgical outcome in group F because of the small size of 
the monthly group. These questions will be further exam-
ined in a future study.

In conclusion, the level of resident training of assistants 
did not affect operation time in the surgical treatment of 
intermittent exotropia. Although the immediate postopera-
tive exodeviation was higher in patients who had under-
gone surgery assisted by a first-year resident, the surgical 
outcome throughout the 24-month postoperative follow-up 
was not significantly different from outcomes in patients 
who had undergone surgery assisted by a second-, third-, 
or fourth-year resident.
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Fig. 1. The postoperative angle of deviation over the 24-month 
follow-up for groups F and S. Group F: patients with intermittent 
exotropia who underwent surgery assisted by a first-year resident. 
Group S: patients with intermittent exotropia who underwent 
surgery assisted by a second-, third- or fourth-year resident. Re-
peated measures analysis of variance revealed no significant dif-
ference in exodeviation over 24 months postoperatively between 
the two groups (p = 0.45). The plus numbers of prism diopters 
represent exodeviation and the minus numbers of prism diopters 
represent esodeviation.
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