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Background: Detachment of the inferior oblique muscle may be necessary under certain circumstances to repair a large inferomedial 
orbital fracture involving the orbital strut. This study aimed to evaluate the outcomes of patients who underwent surgeries with and 
without inferior oblique muscle reattachment after its detachment to repair the orbital wall fractures.
Methods: Forty patients who underwent repair of combined floor and medial orbital wall fracture involving the orbital strut at a single 
tertiary institution between January 2014 and December 2020 were reviewed. Groups 1 and 2 comprised 20 patients each, who 
underwent surgery with inferior oblique muscle detachment without and with reattachment, respectively, and were followed up for at 
least 6 months postoperatively. Enophthalmos, Goldmann diplopia test, alignment test, ocular motility test, and orbital inferomedial 
angle ratio were the outcome measures.
Results: Statistically significant improvement was observed in ocular motility, diplopia, and enophthalmos postoperatively at the 1- 
and 6-month follow-up (p < 0.01). The mean postoperative inferomedial angle ratio (102.28 ± 10.62%) was improved significantly 
compared with the preoperative inferomedial angle ratio (115.61 ± 4.38%) (p = 0.004) in all patients. After surgery, inferior oblique 
muscle underaction was observed in seven and six patients in groups 1 and 2, respectively, which was associated with preoperative 
extraocular movement limitation and strabismus. Two patients showed diplopia in both groups at the last follow-up; they had inferior 
oblique muscle underaction but no enophthalmos.
Conclusion: Orbital fracture repair with or without inferior oblique muscle reattachment was clinically effective and safe; however, 
patients with preoperative strabismus and extraocular motility limitation should be informed of the increased risk of postoperative 
complications.
Keywords: orbital fracture, inferior oblique muscle, diplopia, strabismus, post-operative complications

Introduction
The floor and medial walls are the most commonly fractured areas of the orbit. Patients with extraocular muscle 
incarceration, double vision, hypoglobus, and marked orbital volume expansion require treatment.1–3 Combined fractures 
of the orbital floor and medial wall, in particular, those affecting the inferomedial orbital strut (IOS), are more likely to 
necessitate treatment due to increased risk of enophthalmos, strabismus, and even hypoglobus and diplopia.4 However, 
restoring the natural curves of the orbital wall without postoperative sequelae remains challenging, as the inferior oblique 
muscle (IOM) impedes access to the medial and inferior orbital wall.5–8 Although several procedures and techniques 
have been developed to increase the surgical view and treat these complicated fractures, no consensus on the ideal 
approach exists, and definite guidelines are lacking.

Nunery et al6 described the “wraparound” technique for combined fractures in 2008 to span all fracture sites with 
a single implant. In this technique, IOM was preserved, and the implant was introduced inferiorly and maneuvered 
through the medial area using a “lariat”. The treatment was successful without serious complications. Nevertheless, skin 
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incision, blind insertion, incomplete visualization of the fracture sites, 0.4-mm implant thickness, relatively small implant 
size to span combined fractures, and the presence or absence of IOS involvement are its limitations. In 2016, a study 
reporting ocular motility after repairing combined medial and inferior orbital wall fractures with IOM detachment and 
reattachment for retaining better visualization of fracture sites showed satisfactory results.9 This study examined 20 
patients who underwent surgery with extended conjunctival incision with IOM disinsertion and IOM reattachment for 
combined orbital wall fractures. On the contrary, Raymond et al4 stated about surgery of combined orbital fractures 
involving the IOS with detachment of IOM in 16 patients. There were 5 out of 7 patients who improved diplopia, which 
was shown preoperatively. They also reported that there were no cases of new or worsened diplopia following surgery 
but no mentions about IOM functions after surgery.

Regardless of these studies, there is no definite guideline on manipulating IOM. Iatrogenic damage remains a concern 
to the IOM especially when a combined fracture involving IOS without diplopia or IOM dysfunction is operated.

Therefore, this study aimed to investigate the results according to the management of IOM in patients with combined 
medial and floor wall fractures involving IOS. We compared and evaluated the clinical outcomes with and without IOM 
reattachment in patients who underwent IOM disinsertion during the operation.

Subjects and Methods
A retrospective review was performed on 40 patients who underwent repair of combined floor and medial orbital wall 
fractures involving the IOS at a single tertiary institution, Pusan National University Hospital, Busan, South Korea, 
between January 2014 and December 2020. All patients provided written informed consent, and this study was conducted 
in accordance with the tenets of the Declaration of Helsinki. This study was approved by the Institutional Review Board 
of the Pusan National University Hospital (2203–001-112).

The indications for surgery included diplopia, ocular motility restriction within 30° of the primary position, 
enophthalmos more than 2 mm, and fractures involving at least half of the orbital floor and medial wall. Patients who 
underwent surgery with detachment of the IOM from the origin site and no reattachment were defined as group 1, and 
patients who underwent reattachment of the IOM to the origin site were defined as group 2. Patients having preoperative 
diplopia, strabismus, or thyroid eye diseases were excluded from the study to rule out any chance of diplopia caused by 
IOM manipulation. Patients with previous surgery for orbital trauma, less than 6 months of postoperative follow-up, and 
coexisting facial bone fractures were also excluded from this study.

Preoperative and Postoperative Assessment
Preoperative evaluations included the visual acuity test; intraocular pressure measurement, mean time from injury to 
surgery, and enophthalmos evaluation; Goldmann diplopia test; ocular motility test; and IOM motility status assess
ment. Exophthalmos, Goldmann diplopia test, ocular alignment test, and ocular motility test results were evaluated at 
the initial examination before surgery and the 1- and 6-month postoperative follow-up examination. We defined 
“diplopia” as when a single binocular diplopia appearing within 30 degrees of the primary gaze. Enophthalmos was 
measured using Hertel exophthalmometry and described as a difference from the opposite side. The ocular motility test 
(ranging from 0 to 4) was performed through ductions, versions, and the Hess test. The ocular motility limitation was 
scored by the severity of limitation for upgaze, downgaze, adduction, and abduction. A score of 0 stated no limitation, 
−4 for 0% excursion, and −3 to −1 for 25% increments. We scored the most severe limitation in movement as the most 
affected muscle in cases of multiple extraocular muscle (EOM) involvement. IOM motility was evaluated using the 
Hess test during follow-up examinations 6 months postoperatively. IOM underaction was assessed by anomalous head 
tilting to the injured side, accompanying more pronounced hypotropia in upgaze with adduction than in the central or 
abduction position, which was confirmed by the Hess test. The inferomedial orbital angle (IMA) was measured in all 
patients on both sides of the orbit using orbital computed tomography (CT); the IMA ratio (IMAR)% was calculated 
pre- and postoperatively (Figure 1). The standard location for measuring the IMA is 9 mm below the level of the lateral 
orbital rim.10,11 The CT images were obtained with 1-mm fine cuts and reviewed by an experienced orbital sur
geon (JYP).
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Surgical Technique
The same surgical techniques were used in both groups, except for the manipulation of the IOM at the end of the surgery, 
as described previously.9

All procedures were performed under general anaesthesia. After inserting a corneal protector, transconjunctival and 
retro-caruncular incisions were made using electrocautery without lateral canthotomy. A transconjunctival incision was 
made 2 mm below the tarsal plate, the preseptal layer toward the inferior orbital rim was dissected, and an incision was 
made at the inferior orbital rim using electrocautery. The periosteum was separated from the bone using a double elevator 
to expose the fractured area of the inferior orbital wall. The prolapsed orbital tissues, including the inferior rectus, were 
lifted from the fracture site. The dissection was performed until the edge of the floor fracture could be seen laterally and 
posteriorly.

Posterior to the lacrimal crest, blunt dissection toward the medial wall behind the medial canthal tendon was 
performed vertically. The dissection was continued until the medial wall was identified, and the periosteal incision 
was made with electrocautery just behind the Horner’s muscle to expose the fractured medial orbital site. The prolapsed 
orbital tissues were lifted from the fracture site, and dissection was performed until the entire fracture site was visualized 
superiorly and posteriorly.

The dissection was extended from previous incisions inferomedially to the insertion site of IOM. IOM was directly 
identified and isolated using a Jameson muscle hook (Katena Inc., Denville, NJ, USA). IOM was detached from the 
origin with electrocautery in group 1, whereas double-arm 6–0 absorbable polyglactin sutures (Vicryl 6–0 Ethicon, 
Division of Johnson & Johnson Inc., Somerville, MA) were placed on the periosteum at the IOM origin and on the IOM 
approximately 2 mm away from the origin in group 2. Subsequently, IOM was severed using scissors. Subperiosteal 
dissection was performed until the total inferomedial fracture site was visualized posteriorly, and repositioning of the 
herniated orbital tissue was done. Prefabricated naturally curved polycaprolactone (PCL) (TnR Biofab, Gyeonggi, South 
Korea) and porous polyethylene (Medpor; Medtronic, USA) were implanted in the fracture site in groups 1 and 2, 
respectively. The PCL implant is fabricated to fit Asian orbits to span the total inferomedial wall; the Medpor implant 
was fashioned into L-shape manually and used to cover the total defect. After confirming the absence of restriction on the 
forced duction test, the conjunctival wound was closed using a single interrupted 6–0 absorbable polyglactin suture 
(Vicryl 6–0 Ethicon, Division of Johnson & Johnson Inc., Somerville, MA, USA) in group 1. IOM was reattached with 
the preplaced suture before conjunctival wound closure in group 2. Saline-soaked cottonoids were utilized for gentle 
elevation and manipulation of the herniated orbital tissues, and 1:100,000 epinephrine-soaked cottonoids were used for 

Figure 1 IMA and IMAR calculation on orbital computed tomography (CT). Preoperative (A) and postoperative CT images (B) of combined orbital wall fracture in the right 
eye of a patient with IOS. The image below shows how the inferomedial angle is calculated: angles a and a’ on the affected side are measured on preoperative and 
postoperative orbital CT 9 mm behind the level of the lateral orbital rim in the coronal view. Angle b is measured on the preoperative orbital CT on the healthy side. The 
IMAR% is calculated using the following formula: 100 × (a or a’)/b (%). 
Abbreviations: IMA, inferomedial orbital angle; IMAR, ratio of inferomedial orbital angle; IOS, inferomedial orbital strut.
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haemostasis in all patients. No bipolar cautery was used on the orbital tissues. Surgical success was defined as the 
absence of diplopia at the primary position or within 30° of gaze and the restoration of enophthalmos of less than 1 mm 6 
months postoperatively.

Statistical Analyses
The normality of the data distribution was determined using the Kolmogorov–Smirnov test. Student’s t-test or the Mann– 
Whitney U-test was used to compare continuous data. Categorical variables were compared using the chi-square or 
Fisher’s exact test. The independent factors associated with IOM underaction at the last follow-up were identified using 
univariate and multivariate logistic regression analyses. The Statistical Package for the Social Sciences (SPSS) software 
(version 22.0; SPSS, Chicago, IL, USA) was used for all statistical analyses. Statistical significance was set at p < 0.05.

Results
Forty patients with combined orbital wall fractures involving the IOS were evaluated. There were 24 and 16 men and 
women, respectively, with a mean age of 42 ± 2.63 years (range, 15–77). The mean interval time from injury to surgery was 
22.95 ± 4.09 days (range, 1–121). Seventeen and 23 patients had right and left orbital wall fractures, respectively. The mean 
follow-up visit was 9 ± 3.47 months (range, 6–17). Patients showed enophthalmos of –1.46 ± 0.25 (range, –5 to 3) mm 
compared with the normal side. EOM was evaluated using duction and version test, –1.1±0.17 (range, 0 to −4) limitation 
was observed, and 19 (47.5%) patients showed diplopia before surgery. The mean IMAR in the injured eye was 115.61 ± 
4.38% (range, 43.26–188.02). The demographic and clinical characteristics of groups 1 and 2 are shown in Table 1.

There were no differences in age, sex, preoperative visual acuity, preoperative intraocular pressure, presence and 
amount of enophthalmos, EOM limitation, diplopia, and IMAR between the groups. The mean interval time from injury 
to surgery was longer in group 2 than that in group 1 (28.79 ± 5.76 vs 17.40 ± 5.68, p = 0.024).

Table 2 summarises the overall functional characteristics, including diplopia, enophthalmos, EOM limitation, and 
IOM weakening postoperatively. Diplopia was significantly better 1 and 6 months after surgery compared with that in the 
initial visits (p = 0.014 and p = 0.047, respectively). Nineteen cases of diplopia at the initial examination improved 
significantly, with four cases improving 6 months postoperatively (p = 0.047). In group 1, 12 patients with preoperative 
diplopia improved, five and two patients remained diplopia 1 and 6 months postoperatively (p > 0.05, not shown in the 
table). In group 2, seven patients with preoperative diplopia improved, four and two patients remained postoperative 
diplopia 1 and 6 months after surgery, respectively (p > 0.05, not shown in the table). There were no statistical 
differences between the two groups. Enophthalmos significantly improved 1 and 6 months postoperatively (p < 0.001 
and p = 0.013, respectively). The number of cases with enophthalmos was significantly lesser in group 1 than that in 

Table 1 Demographic and Clinical Characteristics of the Group 1 and Group 2

Total Group 1 Group 2 p-value

Number of patients (%) 40 20 (50) 20 (50)

Age (years, mean ± SD) 41.825±16.28 45.35±15.62 36.37±12.52 0.057a

Sex (male: female) 23:16 10:10 13:6 0.637c

Preop VA (LogMAR) 0.11±0.28 0.11±0.35 0.11±0.46 0.749c

Preop IOP (mmHg) 15.6±0.47 14.90±0.68 16.32±0.62 0.134a

Mean time from Trauma to Op (Days) 22.95±4.09 17.40±5.68 28.79±5.76 *0.024c

Enophthalmos (mm) −1.46±0.25 −1.2±0.40 −1.7±0.30 0.295a

EOM limitation −1.1±0.17 −1.25±0.26 −0.95±0.22 0.478c

Diplopia (number, %) 19 (47.5) 12 (60) 7 (35) 0.130b

IMA ratio (%) 115.61±4.38 113.06±7.65 118.29±4.18 0.553a

Notes: Enophthalmos was presented by subtracting the degree of the injured eye from that of the normal eye. Values are 
presented as mean ± standard deviation. *Statistically significant values at p < 0.05. aStudent’s t-test, bchi-square test, cMann– 
Whitney U-test. 
Abbreviations: Preop, preoperative; VA, visual acuity; IOP, intraocular pressure; Op, operation; EOM, extraocular movement; 
IMA, inferomedial orbital angle; SD, standard deviation.
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group 2, 6 months postoperatively. EOM limitation was observed until 1 month postoperatively (p = 0.068); a significant 
improvement was observed 6 months postoperatively (p < 0.001). Group 2 showed –1.05 ± 0.62 limitation, which was 
more significantly restricted compared with that of group 1; however, both groups showed significantly better ocular 
motility compared with that at the initial visit 6 months postoperatively (group 1, p < 0.001; group 2, p = 0.004; not 
shown in the table) and no difference was observed between the two groups. At the final examination, IOM weakening 
was observed in seven (35%) and six (30%) patients in groups 1 and 2, respectively (p = 1.0).

Figure 1 shows a representative case of IMA in an injured orbit pre and postoperatively. Figure 2 shows the changes 
in the IMA ratio pre and postoperatively. All patients, including both groups, significantly recovered the natural IMA 
compared with that of the normal orbit (total, p = 0.004; group 1, p < 0.001; group 2, p < 0.001).

Table 3 shows the results of the univariate and multivariate logistic regression analyses associated with IOM 
weakening at the final follow-up. Univariate logistic regression analysis showed that preoperative EOM limitation, 
diplopia, and strabismus were significantly associated with IOM weakening (p = 0.004, p = 0.002, and p = 0.001 for 
horizontal strabismus, p = 0.025 for vertical strabismus, and p = 0.0043 for combined strabismus, respectively). To 

Table 2 Comparison of Functional Defects After Surgery Between Group 1 and Group 2

Postop 1Mo. Postop 6Mo.

Group 1 Group 2 P-value Group 1 Group 2 P-value

Diplopia (%) 5 (25) 6 (30) 0.731d 2 (10) 2 (10) 1.0d

Enophthalmos (mm) 0.35±9,78 −0.34±0.96 0.18c −0.42±0.65 −1.31±1.02 *0.002a

EOM limitation −0.55±0.74 −1.05±0.62 *0.015c −0.17±0.49 −0.32±0.48 0.228c

Post 6Mo.

Group 1 Group 2 P-value
IO weakening (No. %) 7 (35%) 6 (30%) 1.0b

Notes: Enophthalmos was presented by subtracting the degree of the injured eye from that of the normal eye. *Statistically 
significant values at p < 0.05. aStudent’s t-test, bchi-square test, cMann–Whitney U-test, dFisher’s exact test. 
Abbreviations: EOM, extraocular movement; IO, inferior oblique muscle.

Figure 2 Bar chart of IMAR change after surgery between groups 1 and 2. Both groups had significantly better IMA after surgery compared with the initial examination 
(total, p = 0.004; group 1, p < 0.001; and group 2, p < 0.001). 
Abbreviations: IMA, inferomedial orbital angle; OP, operation; Preop, preoperative; Postop, postoperative.
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multivariate analysis, covariates were selected of which p-values under 0.1. After adjusting for confounding factors, 
multivariate analysis showed that preoperative EOM limitation and strabismus were associated with IOM weakening at 
the final follow-up examination (p = 0.005; p = 0.016 for horizontal, p = 0.023 for vertical, and p = 0.048 for combined 
strabismus, respectively). In terms of diplopia at the last follow-up, no factor was related to remnant diplopia post
operatively according to the univariate and multivariate logistic regression analyses (not shown in the table).

Table 4 shows the characteristics of the patients with diplopia at the last follow-up. Two patients (50%) had their IOM 
detached, whereas the remaining two (50%) had their IOM reattached. Except for one patient, who was referred more 
than 3 months after trauma due to systemic problems, three other patients (75%) had their operations approximately 2 
weeks after trauma. All patients had diplopia at the primary position or within 30° of gaze, strabismus, and EOM 
limitation of more than −1 preoperatively. The horizontal strabismus was recovered postoperatively, and there was no 
case of new-onset diplopia. However, approximately −2 to −1 EOM limitation and IO weakening remained in all patients 
at the last visit.

Table 3 Factors Associated with Inferior Oblique Weakening at 6 Months After Surgery Investigated by 
Univariate and Multivariable Logistic Regression Analysis

Variable Univariate Multivariable

OR (95% CI) p-value OR (95% CI) P-value

Group 0.857 (0.226–3.254) 0.821 -
Age 1.024 (0.982–1.068) 0.265 -

Sex 1.371 (0.357–5.272) 0.646 -

Preop EOM limitation 0.255 (0.101–0.641) *0.004 0.200 (0.040–1.001) *0.005

Preop Diplopia 0.031 (0.003–0.282) *0.002 0.397 (0.003–54.416) 0.713

Preop Enophthalmos 0.638 (0.389–1.046) 0.075 0.504 (0.192–1.325) 0.165

Preop IMAR 1.000 (0.975–1.025) 0.975 -

Postop IMAR 0.957 (0.891–1.028) 0.225 -

Preop strabismus

No strabismus 1 1
Horizontal 0.015 (0.001–0.187) *0.001 0.016 (0.001–0.467) *0.016

Vertical 0.031 (0.002–0.641) *0.025 0.006 (0.000–0.507) *0.023

Combined 0.063 (0.004–0.915) *0.043 0.013 (0.000–0.962) *0.048

Post 1Mo. Diplopia 0.278 (0.064–1.200) 0.086 83.241 (0.033–210.461) 0.269

Post 1Mo. strabismus

No strabismus 1
Horizontal 0.167 (0.022–1.282) 0.085

Vertical 1.333 (0.067–26.618) 0.851

Combined 0.667 (0.060–7.352) 0.741

Post 1Mo. EOM limitation 0.375 (0.136–1.030) 0.057 0.678 (0.021–22.391) 0.827

Post 1Mo. Enophthalmos 1.295 (0.612–2.741) 0.499 -
Post 6Mo. Enophthalmos 1.022 (0.502–2.081) 0.952 -

Post 6Mo. Diplopia 466 (0) 0.999 -

Model chi-square test p < 0.001, −2LL = 23.378, Nagelkerke R2 = 0.681 Hosmer & Lemeshow test 
p = 0.876

Notes: Enophthalmos was presented by subtracting the degree of the injured eye from that of the normal eye. *Statistically significant 
values at p < 0.05. 
Abbreviations: Preop, preoperative; EOM, extraocular movement; IMAR, inferomedial orbital angle ratio; Post 1Mo, 1 month after 
surgery; Post 6Mo, 6 months after surgery.
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Discussion
Cases with extensive orbital fractures of the medial and inferior orbital walls involving rupture of the IOS are uncommon 
and challenging; however, restoring the broken wall to its original shape is essential. The cornerstone procedure for 
treating combined medial and inferior orbital wall fractures involving the IOS is the manipulation of the IOM. Detaching 
IOM permits a thorough examination of the fracture site on the inner aspects of the orbital wall and the application of an 
appropriately preshaped or L-shaped fabricated implant to restore the lost natural curve of the orbital wall.9,12 Moreover, 
reattachment following IO detachment facilitated great surgical results. We reported satisfactory surgical outcomes 
following combined orbital wall fractures with IO reattachment.9 Rodriguez et al13 have also reported remarkable 
surgical outcomes employing an extended transcaruncular technique with reattachment of IO in patients having medial 
wall fractures. Although the surgical results with IO reattachment showed great results, there are still minor concerns 
including IO underaction and diplopia. Alameddine et al12 observed that 13.3% of patients who had their IOM reattached 
experienced transient new-onset diplopia, with all achieving recovery. Rodriguez et al13 reported transient diplopia after 
surgery through IOM reattachment. In contrast, in our previous study, 10% of patients who underwent IOM reattachment 
experienced binocular double vision, which did not resolve.9 The function of IOM has not been properly described in 
these previous reports. In this study, we found evidence of IOM underaction in the ocular motility and Hess test in six 
(30%) patients who underwent IOM reattachment.

Similarly, in case of IO detachment and passive reattachment to its origin, seven (35%) patients showed IOM 
underaction 6 months postoperatively. There was no difference in the outcome of IOM movement depending on how 
IOM was handled. There are some studies about IOM underaction following IOM detachment without reattachment. 
Shorr et al14 who described movement following IOM detachment reported that IOM underaction persisted in some 
patients postoperatively. Iatrogenic IOM palsy has been documented by Tiedemann et al.15 In cases with diplopia, several 
studies in which IOM was permitted to attach spontaneously reported double vision; most cases were transient, as in this 
study.4,16,17 In our study, IOM underaction was not always correlated with diplopia, with 4 out of 13 patients showing 
diplopia at the last follow-up. The inflammation and accompanying injuries after severe trauma made it difficult to 
evaluate the function of IOM preoperatively. Nevertheless, we recognized that patients with postoperative diplopia 
already had diplopia, strabismus, and EOM limitation preoperatively.

In conclusion, transient diplopia after surgery was mostly recovered regardless of IOM management, and IOM 
underaction was observed in approximately 30% of patients in both groups at the final follow-up.

In the event of EOM limitation, restriction of movement was detected to a greater extent when reattaching IOM 1 
month postoperatively (Table 2). However, it recovered to a similar level in both groups at 6 months. It is hypothesized 

Table 4 Characteristics of the Patients Showing Diplopia at the Final Follow-Up

Preop

No Age/Sex Side Operation Time Interval 
(Days)

Diplopia Strabismus EOM Limitation Enophthalmos IMAR%

1 64/M Right IO detachment 121 Diplopia at PP XT, RHoT −3 5 102.54
2 35/F Left IO detachment 14 Diplopia at PP XT, LHT −2 1 127.07

3 25/M Left IO reattachment 14 Diplopia at PP ET, LHoT −1 1 124.41

4 32/M Left IO reattachment 14 Diplopia at PP LHoT −1 3 113.15

Last visit

No Age/Sex Side New onset diplopia IO weakening Diplopia Strabismus EOM limitation Enophthalmos IMAR%

1 64/M Right No Yes Diplopia at PP Ortho −2 1 86.03

2 35/F Left No Yes Diplopia at PP LHoT −1 0 94.32

3 25/M Left No Yes Diplopia at PP LHT −1 0 110.31
4 32/M Left No Yes Diplopia at PP LHoT −1 1.5 86.20

Note: Enophthalmos was presented by subtracting the degree of the injured eye from that of the normal eye. 
Abbreviations: IO, inferior oblique; EOM, extraocular movement; PP, primary position; IMAR, inferomedial orbit angle ratio.
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that IOM manipulation during the cutting and reattaching procedure in group 2 may cause muscle paresis and 
inflammation and induce initial limitation of eye movement.15

To summarize these results about IOM underaction, diplopia, and EOM limitation, both surgical skills were equally 
remarkable and showed similar postoperative sequelae.

Enophthalmos did not affect IOM weakening or diplopia; however, enophthalmos was observed in a significantly 
higher proportion of patients in group 2 than that in group 1; its severity was statistically significant, possibly due to the 
PCL pre-shaped implant manufactured to fit the Asian orbital structure, which enabled restoration to a suitable and 
natural shape in group 1. Restoration of the right curvature of the inner orbit, rather than simple restoration of the angle 
of the IMA, is a more effective technique for restoring enophthalmos. Moreover, compared to 1 month, the enophthalmos 
advanced by 0.7–1.0 mm 6 months postoperatively. Thus, when the extent of the fracture is large, surgery should be 
performed with the goal of overcorrection by approximately 1 mm in comparison with the fellow eye.9,12

Diplopia occurred in patients with IOM weakening. No factors related to diplopia were discovered in this study; 
however, we found important factors associated with IOM weakening, such as preoperative strabismus and preoperative 
EOM limitation. This suggests that the larger the prior muscular injury, the more difficult it is for the IO muscle to return 
to its previous position and function, regardless of the form of surgery. There are three basic mechanisms by which 
trauma damages the extraocular muscles: muscle involvement in orbital wall fractures, muscle contusion, and traumatic 
disinsertion or laceration of the extraocular muscles. Muscle involvement in orbital wall fractures can be caused by two 
different mechanisms: muscle incarceration18 or flap tear of the rectus muscle, as described by Ludwig in 2001.19 

Contusion of the extraocular muscle results from the impact of an object on the surface of the extraocular muscle without 
perforating any structures. Edema or hematoma forms in the belly of the muscle after trauma, restricting its function.20 

Lastly, when it comes to traumatic disinsertion, the muscle capsule is linked to the check ligaments and intermuscular 
membrane, and it cannot retract deeply into the orbit; the muscle is typically reattached behind the normal insertion 
position. Thus, the muscular function is maintained.20 We speculate that IOM disinsertion with a periosteal elevator 
permits IOM to reposition spontaneously after the procedure, a mechanism similar to the last basic mechanism described 
above. Although it is not possible to explain the exact mechanism of damage in each case, two theories have been 
suggested based on these mechanisms: first, there is significant damage to the muscles and additional IOM manipulation, 
including disinsertion or reattachment with sutures. These factors together prohibit IOM from returning to its original 
position and prevent the recovery of its function even after IOM is reattached. Second, serious trauma to IOM 
preoperatively eventually impairs the recovery of IOM function postoperatively, regardless of the surgical technique 
and IO manipulation. Strabismus, EOM limitation, and diplopia (univariate analysis) were significantly observed in 
patients with IOM weakening preoperatively, which supports this theory. According to Tiedemann et al,15 a patient with 
diplopia and strabismus presenting with diplopia and ocular movement disorder preoperatively supported this theory. 
Comprehensively, even though there was no preoperative factor associated with postoperative diplopia, it may be due to 
preoperative dysfunction of the extraocular muscle. It is predicted with meticulous preoperative examination, especially 
strabismus and EOM limitation test.

We investigated the long-term alterations in ocular motility, especially in IOM, diplopia, and enophthalmos, which 
occur when IOM is detached without reattachment and when IOM is reattached. Although there was a significant 
difference in the timing of surgery in the demographic characteristics of the two groups, this is not a well-studied factor 
that affects the results in which we are interested. In addition, it was not identified as a factor related to final IOM 
weakening or diplopia. Additionally, considering newly published findings on a new paradigm for surgical timing21 or 
reports demonstrating favourable outcomes in diplopia or enophthalmos 14 days after injury, the difference in surgical 
time does not appear to substantially influence the outcome.22–28 However, in 2002, Hossal and Beatty29 reported that 
older age and longer mean time intervals negatively affected postoperative diplopia, especially in cases of combined 
fractures. In addition, surgery 14 days after injury was associated with more diplopia and maintenance of enophthalmos. 
The degree of damage was severe in our study, and the number of cases of strabismus and double vision was slightly 
greater than that of general cases. While interpreting the results, the timing between surgery and trauma was relatively 
long in group 2, which might negatively affect the final results.
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Our study has several limitations due to different implant types being used in the groups and different timings of 
surgery. However, as we believe non-absorbable and absorbable implants are great candidates for any size of orbital 
fracture, it does not undermine our key results and the purpose of this study. In terms of surgical timing, although the 
difference in surgical time does not appear to substantially influence the surgical outcomes based on previous studies,22– 

28 it is necessary to consider that there is a slight chance of underestimating the results in group 2.29

In conclusion, both surgical techniques had a comparable effect on IOM and showed successful surgical results with 
improvement of diplopia, ocular movement, strabismus, enophthalmos, and IMA. Owing to the simplicity and speed of 
the procedure, IOM disinsertion without reattachment may also be a good choice for surgeons unfamiliar with the 
extraocular muscles. In addition, when we consider one patient with diplopia in group 1 who underwent surgery on the 
121st day after trauma, this surgical technique without reattachment of IOM is not necessarily inferior in terms of the 
postoperative side effects.

Patients with preoperative strabismus and EOM limitation should be informed of the increased risk of postoperative 
complications. Both surgical techniques may result in approximately 30% of cases of IOM underaction.

No factors associated with diplopia were identified in this study, and all patients who developed diplopia had IOM 
weakness. This information provides sufficient insight into the factors related to IOM weakening. Although the sample 
size was small and this study was retrospective, we believe it can provide critical information to surgeons who encounter 
difficulty with IOM handling. We aim to confirm the impact of manipulating IOM in detail in our future studies, which 
will include two groups with IO disinsertion and non-disinsertion.
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