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Surgical Stabilization of Shoulder Instability in Patients With or
Without a History of Seizure: A Comparative Analysis

Obiajulu Agha, BA2, Caitlin M. Rugg, MD?, Drew A. Lansdown, MD?2, Shannon Ortiz, MPHP,
Carolyn M. Hettrich, MD, MPHC, Brian R. Wolf, MD, MS, MSP, MOON Shoulder Group, Brian
T. Feeley, MD?

aDepartment of Orthopaedic Surgery, University of California San Francisco; San Francisco, CA

bDepartment of Orthopaedic Surgery, University of lowa; lowa City, I1A

¢Department of Orthopaedic Surgery, Brigham and Women'’s Hospital, Harvard Medical School;
Boston, MA

Abstract

Purpose: The purpose of this study is to compare patients from a large multicenter cohort with a
history of seizure to those without a history of seizure in regard to preoperative and intraoperative
findings and surgical procedures performed.

Methods: Patients undergoing shoulder stabilization from 2011 to 2018 at 11 orthopaedic centers
were prospectively enrolled. Those with a history of seizure were identified and compared to non-
seizure controls. Preoperative demographic, history, physical examination, and imaging findings
were collected. Intraoperative findings and surgical procedures performed were recorded. Mann-
Whitney tests, Chi Square tests, and logistic regression analysis were employed to examine
differences between the groups and define independent risk factors. Due to the number of
statistical tests performed, the false discovery method was employed to determine adjusted P
values to achieve a < .05.

Results: During enrollment, 25 of 1298 shoulder stabilization patients had a history of seizure
(1.9%). Sex ratio and age were similar between groups, as was posterior instability incidence
(control: 23.2%; seizure: 28.0%). Seizure patients more frequently had >5 dislocations in the year
preceding surgery (P=0.016) and had increased preoperative radiographic evidence of bone loss
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(P<.001). Intraoperatively, seizure patients had a higher prevalence of reverse Hill-Sachs lesions
(P<.001) and large (>30% of glenoid fossa) bony Bankart lesions (£ < .001). Arthroscopic
Bankart repair was the most common procedure in both group. However, open procedures were
performed in 15.6% of controls and 40.0% of seizure patients (= .001) of which were most
commonly bony procedures.

Conclusion: Seizure patients had more prior dislocations, more preoperative bone loss, and
underwent more open stabilization procedures than controls due to bone loss. Studies examining
recurrence following stabilization will help establish appropriate management practices in this
population.

Level of Evidence: Ill — Retrospective review of prospectively collected cohort.

Introduction

Shoulder instability is a common concern seen by orthopaedic surgeons and other medical
providers, with an estimated incidence of 0.08 per 1000 person-years in the United States
and especially high rates among young, athletic patients.1~3 The clinical consequences of
pain, functional impairment, and recurrence result in significant morbidity, often keeping
patients from work and participating in daily life activities. Within this large patient cohort
exists a subset of patients for which their shoulder instability is the product of dislocations
sustained during seizures. These dislocations are caused by violent, uncoordinated muscle
contractions of the shoulder, as well as by the falls related to seizure activity.*> According to
DeToledo et al®, the incidence of shoulder dislocation during seizure is approximately 0.6%;
however, the true incidence is likely higher due to undetected cases. Of note, these patients
tend to be young, male, and have epilepsy as the most common etiology of their seizures.
789 The increasing prevalence of diabetes and sustained drug-use disorder rates may also
result in additional hypoglycemia related and drug-induced seizures.10-14

There are distinct features of patients with seizure-related shoulder instability that may have
important implications for treatment and outcomes. Although anterior instability is most
commonly seen with both seizure and non-seizure related shoulder instability, posterior
instability is often considered pathognomonic for seizure-related or electrocution-induced
shoulder instability .15:16 While a number of studies have highlighted excellent results with
surgical management of posterior instabilityl”- 18, a recent prospective matched cohort study
demonstrated differences in preoperative findings and outcomes after arthroscopic
stabilization for anterior and posterior instability.1® Dislocations from seizure are also more
likely to cause glenoid and humeral bone loss due to both the force of seizure and the use of
anti-epileptic drugs (AED) that adversely affect bone density.? According to Pack et al?% and
Petty et al?1, between 20-75% of patients on AED have evidence of reduced bone mineral
density through a range of proposed mechanisms including alterations in Vitamin D
metabolism, calcium absorption, and bone turnover.22 These factors, along with the high
rates relapsing seizure activity, may predispose patients to recurrent instability.21:23
Continued instability may increase the risk of additional dislocations, further bone loss, and
damage to surrounding soft tissues.
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Comparative studies examining differences between seizure patients and those without a
history of seizure undergoing shoulder stabilization are lacking in the current literature. The
purpose of this study is to compare patients from a large multicenter cohort with a history of
seizure to those without a history of seizure in regard to preoperative and intraoperative
findings and surgical procedures performed. We hypothesize that patients with a history of
seizure would have more prior dislocations, more posterior instability, increased bone loss,
and more open stabilization surgery as compared to patients without a history of seizure.

Materials and Methods

Patients undergoing shoulder stabilization surgery from October 2011 to December 2018
were prospectively enrolled from 11 orthopaedic centers into the Multicenter Orthopaedic
Outcomes Network (MOON) Shoulder Group as part of an IRB approved study. The group
prospectively collects orthopaedic patient data and outcomes for shoulder instability as has
been previously described.2* Two naturally occurring cohorts were identified from the
shoulder stabilization patients: patients with a medical history of seizure (seizure group) and
patients without a medical history of seizure (control group) (Figure 1). Collection of
preoperative evaluation data included demographic characteristics, duration of instability
symptoms, history of prior shoulder dislocations and shoulder surgery, and use of anti-
seizure medication. Preoperative patient-reported outcomes (PROs) including RAND 36-
Item Health Survey 1.0 (RAND 36 Physical and Mental) score2>, American Shoulder and
Elbow Surgeons (ASES) shoulder score26, Western Ontario Shoulder Instability Index
(WOSI) score??, Shoulder Activity Scale (SAS)28, and EuroQol 5 Dimensions (EQ-5D)
score2? were also collected. Preoperative physical examinations documented shoulder
strength and Beighton scores30 for each patient. Radiographs and magnetic resonance
imaging (MRI) findings were also included. For both modalities, surgeons noted evidence of
and location of bony defects. Additionally, for MRI, surgeons documented evidence of labral
and biceps pathology.

Intraoperative findings were recorded at the time of surgery. These data included any
evidence of rotator cuff injury, capsular pathology, and intra-articular pathology such as
labral and biceps tendon damage. Superior labral anterior-posterior (SLAP) tears were
analyzed separately from biceps tendon pathology. Bony defects such as Hills Sachs and
Bony Bankart lesions were also documented. The surgeons specified which type of
arthroscopic and open surgical techniques were used for shoulder stabilization and which, if
any, ancillary procedures were performed.

Statistical Analysis

Demographic data, preoperative PROs, physical exam, imaging findings, surgical findings
and surgical procedures performed were compared between the two groups. Prism 7
software (version 7.0a, Graphpad Software, Inc., San Diego, CA) was used for Mann-
Whitney and Chi Square testing. Logistic regression analysis was performed using Stata
16.1 (StataCorp; College Station, TX) to define independent predictors for the presence of
pre-operative bone loss on x-ray or MRI as well as the independent predictors for patients
undergoing open surgery. A subgroup analysis was performed within the Seizure cohort
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comparing patients who had sports-related instability and those who had seizure-related
instability, using Fisher’s exact tests to compare groups due to group size. Because of the
number of statistical tests performed, the false discovery method was employed to determine
adjusted Pvalues to achieve a < .05.

Patient Demographics and History

During the enrollment period, there were 1298 patients who had undergone shoulder
stabilization surgery. Of these, 25 patients had a medical history of seizure, for an prevalence
of 1.9%. The remaining 1273 patients had no history of seizure, representing the control
group. Table 1 summarizes demographic information of the two groups. The mean age of
seizure patients was 26.3 years and for control patients 24.5 years (£ =.060). Women
represented 19.0% of control patients and 32.0% of seizure patients (P=.103). The average
BMI was 25.7 for controls and 27.6 for the seizure group (£ =.008). Anterior instability was
present in 75.7% of all patients. There were no significant differences in primary direction of
instability between the groups, with 75.8% of control patients and 72.0% of seizure patients
experiencing anterior instability (P = .66).

The majority of patients in both groups reported symptoms of shoulder instability for more
than one year (50.9% control group, 68.0% seizure group). Having more than five
dislocations in the year leading up to surgery was more common among seizure patients
(44% vs. 23.3%; P=.016; Figure 2). Among seizure patients, 15 patients had shoulder
instability related to a seizure, and 10 had shoulder instability related to sports. Most patients
were having surgery on their shoulder for the first time, with only 13.7% of control and
16.0% of seizure patients having had a previous shoulder surgery. Significantly more
patients in the seizure group reported having mental health issues than those from the control
group (24.0% vs. 5.8%; £<.001). Smoking was more common among the seizure patients
(control: 4.9%, seizure: 20.0%; P< .001)

Preoperative PROs and Physical Exam Findings

Preoperative PROs were collected from each patient and compared between groups (Table
2). The control and seizure groups had no significant differences in RAND 36 Physical
scores (46.5 vs. 46.5; P=.91) and Mental health scores (50.5 vs 49.9; P=.79). ASES scores
for control and seizure patients were 65.5 and 67.3, respectively (P= .45). The average
WOSI scores for all patients was 42.1, with no significant differences between groups.
Additionally, there were no significant differences noted in EQ-5D scores between groups
(control 74.5 vs. seizure 68.1; P=.086). There was a significant difference between groups
in the SAS, with seizure patients having lower activity scores (8.8) compared to controls
(13.0; P<.001).

Shoulder strength and patient Beighton score were evaluated during their preoperative
physical exam (Table 2). Notably, there were no significant differences in strength testing
between groups, with the vast majority of patients exhibiting full shoulder strength. Average
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Beighton Score for all patients was 1.1, with no significant differences in score between
groups (P=.79).

Preoperative Imaging Findings

All patients underwent preoperative radiography to assess for bony pathology (Fig 3; Table
3). Humeral sided pathology was identified in 21.5% of all patients, including 20.5% of
control patients and 72.0% of seizure patients (P < .001). Anterior humeral bony defects
were detected in 2.3% of control patients and 32% of seizure patients (£ < .001) and
posterior defects were detected in 18.8% control patients and 40.0% of seizure patients (P
<.008). Glenoid bone loss was found on radiographs in 11.8% of all patients, with
significantly higher prevalence in seizure patients as compared to control group (41.7% vs.
11.2%; P<.001). Anterior glenoid defects were twice as likely to be detected for seizure
patients than controls (25.0% vs. 10.1%; P =.018) and while posterior glenoid defects were
less common, they were over ten times more likely to be seen in seizure patients (16.7% vs.
control 1.2%; P<.001). In aggregate, 80.0% of seizure patients had some bone loss detected
radiographically, as opposed to 28.0% from the control group (P< .001).

Preoperative MRI was performed in 19 of 25 seizure patients and 1182 of 1273 control
patients (Fig 3; Table 3). There were no significant differences in humeral bony defects
detected on MRI between the groups (seizure 68.4% vs. control 44.5%; P =.038). Anterior
humeral defects, which occur in posterior dislocations, were more common among seizure
patients than controls (21.1% vs. 2.1%; £ < .001). On the glenoid, 26.3% of seizure patients
and 18.1% of control patients had bony pathology, a difference which was not statistically
significant. Overall, 84.2% of patients in the seizure group and 62.6% of patients in the
control group had any bony pathology on MRI (£ =.053). Labral pathology was noted in all
seizure patients and in 91.5% of control patients who underwent MRI.

Intraoperative Findings

Intraoperative findings gathered by the surgeon at the time of surgery are listed in Table 4.
Rotator cuff pathology was found at similar rates between groups (seizure 5.6% vs. control
6.3%; P=.896). There were no significant differences noted in prevalence or location of
labral pathology between groups, with 81.2% of all patients exhibiting some form of labral
damage. Anterior labral pathology was most commonly observed, in 73.9% of seizure
patients and 80.9% of control patients (£ =.398). Inferior and posterior labral pathology
were each found in about half of all patients, without differences between groups.

Bony and cartilaginous pathology were more common among patients with a history of
seizure, in general (Table 4). Any articular cartilage pathology (including chondromalacia,
Hill-Sachs lesions, and bone loss on the humerus or glenoid) was found in 84.0% patients in
the seizure group, versus 57.7% of patients in the control group (P =.008). There was no
significant difference in prevalence of Hill-Sachs lesions observed between groups (60.0%
of seizure patients and 44.1% of control patients, £=.112). However, presence of a reverse
Hill-Sachs lesion was significantly more common in seizure patients relative to controls
(16.0% vs. 1.6%; P < .001). Average Hill-Sachs lesion width for seizure and control groups
was 10.9 and 8.5mm, respectively (P=.065). While there was no statistical difference
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between the prevalence of bony Bankart lesions between seizure patients (37.5%) and
control patients (21.6%; P=.063), Bankart lesions involving greater than 30% of the glenoid
were significantly more common among seizure patients (seizure 12.5% vs. control 0.1%; P
<.001).

Procedures Performed

The cohort contained surgical data from 1120 primary shoulder stabilizations (86.3%) and
178 revision shoulder stabilizations (13.7%) with no difference in revision rate between
groups. A summary of surgical procedures performed are demonstrated in Figure 4 and
Table 5.

Arthroscopic stabilization was performed in 60% of seizure patients and 84.5% of control
patients (P=.001). Among arthroscopic procedures, most common in both groups was
anterior Bankart repair involving the labrum and capsule (57.4% of controls and 36.0% of
seizure patients). Posterior labral repair was less common in both groups and there was no
statistically significant difference between groups. Seizure patients more commonly
underwent arthroscopic debridement than did the control group (32% vs. 10.5%; P=.001).
Moreover, arthroscopic remplissage procedures were significantly more common in seizure
patients, with 20.0% of seizure patients undergoing remplissage versus 5.3% of controls (P
<.002).

Open procedures were more commonly performed in seizure patients (40.0%) versus control
patients (15.6.0%; P=.001). Open bony stabilization procedures were similarly more likely
in the seizure group (36.0% vs. 10.9%; P < .001). The most common open bony stabilization
procedure in both groups was Bristow-Latarjet (seizure: 20.0%, control: 9.9%; £=.097).
Humeral head allograft and glenoid allograft were rarely performed for control patients
(0.2% for each), but were performed in 12.0% and 8.0% of seizure patients, respectively (P
<.001 for both procedures). The most common open soft tissue stabilization was an open
inferior capsular shift, performed in 10.9% of controls and 24.0% of seizure patients, which
was not a statistically significant difference. While rare, open posterior capsulorrhaphy and
open Bankart repair were both significantly more likely to be performed in seizure patients,
(P< .01 for both procedures).

Logistic Regression Analysis

Multivariate logistic regression analysis was performed to understand the influence of
seizures on pre-operative bone loss and on the likelihood of patients undergoing open
surgery. Independent predictors in the model for bone loss included seizure history in
addition to patient age, sex, BMI, smoking history, and number of dislocations. Independent
predictors in the model for open surgery included all of these variables as well as the
presence of bone loss on pre-operative imaging. A seizure history was independently
associated with significantly increased risk of bone loss (odds ratio (OR) = 9.2; £=.004).
Other independent risk factors for bone loss were male sex (£< 0.0001), and experiencing
one or more dislocation events in the year preceding surgery (£ < 0.001). Seizure history
was not a significant independent risk factor (OR = 2.0; £=.110) associated with patients
having open surgery. Risk factors associated with open surgery included two to five
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dislocation events (OR = 2.1; P=0.011), more than five dislocation events (OR = 3.8; P<
0.001), and bone loss on pre-operative x-ray or MRI (OR = 3.5; £<.001).

Sub-group Analysis
Of the patients with a medical history of seizure (n = 25), fifteen had shoulder instability
related to a seizure (seizure-related group), and ten patients shoulder instability related to a
sports injury (sports-related group). A sub-group analysis was performed to examine
differences between these two groups (Supplemental Tables 1-5). Both groups had high
rates of more than 5 dislocations in the year proceeding surgery (seizure-related: 40.0% vs.
sports-related: 50.0%; P=.697). Patient-reported outcome measures were similar between
groups with the exception of the Shoulder Activity Scale (seizure-related: 6.7 vs. sports-
related: 12.0; £=.007). On preoperative radiographs, bone loss was detected in 86.7% of the
seizure-related group and 70.0% of the sports-related group (P = .358). All patients in the
seizure-related group and 66.7% of patients in the sports-related group had some type of
bony pathology on MRI (P=.087). Intraoperatively, the seizure-related group was found to
have significantly more articular cartilage pathology of any kind (seizure-related: 100% vs.
sports-related: 60.0%, £ =.017). There were no significant differences found in types of
procedures performed, although there was a relatively high rate of open procedures in both
sub-groups (seizure-related: 46.7% vs. sports-related: 30.0%, P=.679).

Discussion

In this study, we demonstrated that patients with a medical history of seizure exhibited
significantly more dislocations in the year preceding surgery, had greater rates of bony
pathology as assessed both by preoperative imaging and intraoperative evaluation, and
increased rates of open stabilization procedures, in accordance with our hypothesis. Contrary
to our hypothesis, the seizure and control groups had similar rates of posterior instability. In
addition, seizure history was a significant predictor of bony pathology on imaging, as was
being male and having one or more dislocation events. Seizure history was not an
independent predictor for undergoing open surgery, but both imaging evidence of bony
defects and having multiple dislocation events were significant risk factors.

There are few studies examining surgical stabilization in seizure patients, and the literature
largely encompasses small case series and case reports.’- 23 33. 34 Existing studies primarily
focus on surgical techniques utilized and outcomes for these patients. However, studies
examining differences between patients with shoulder instability due to different
mechanisms of injury, including seizure, are lacking in the literature. Such comparisons may
serve to inform preoperative planning and expectations for surgeons and patients suffering
from seizure-related instability. The availability of a large, prospectively gathered cohort of
contemporary shoulder stabilization patients has allowed for this current comparative study
of preoperative and surgical findings between those with and without history of seizure.

Both the seizure and control cohorts in this study had relatively similar preoperative histories
and demographic characteristics. The average age was in the third decade of life for both
groups. The incidence of shoulder dislocation from seizure peaks in the second and third
decades of life,10:35.33 |ikely related to the peak muscle mass in those decades. This timing
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mirrors the common age group for traumatic and sport-related shoulder instability.l: 2- 36 Of
note, this cohort study excludes patients requiring rotator cuff repair, and therefore older
patients who are at higher risk for rotator cuff injury with dislocation were likely excluded
from both groups. Gender was not statistically different between groups, with men
representing the majority. Overall, epilepsy has relatively equal distribution across the sexes.
37.38,39 Few studies have examined the sex-based prevalence of seizure-related shoulder
instability, but in two published series of patients who were followed for seizure-related
shoulder instability, 33%8 and 31%# of the cohorts were women, similar to our findings.
Depression was more common among epileptic patients in our study, affecting 28% of the
seizure group. Epidemiological studies have demonstrated a bidirectional relationship
between epilepsy and depression, with a systematic review demonstrating a prevalence of
23.1% among epileptic patients.38 In contrast, the annual prevalence of a major depressive
episode in the general US population is 7.1%, highest in the 18-25 year old population at
13.1%.40 Therefore our cohorts roughly mirror the rates seen in the general population in the
US. The elevated rates of depression and smoking in the seizure group may both adversely
affect the long term outcomes.41-44

Contrary to our hypothesis, the rate of posterior instability was not significantly different
between groups. Prior studies have shown that, while posterior instability is more common
in patients with seizure, anterior instability remains the most common direction of instability
overall. 791516 Anterior dislocations are thought to be 15 to 25 times more common than
posterior dislocations in the general population*>1°, although posterior dislocations may
represent a larger proportion of injuries in the young, athletic population.® Nearly a quarter
of all patients in this study had posterior instability; it is possible this high rate of posterior
instability is due to the tertiary referral nature of many of the centers involved in this
multicenter study resulting in selection bias for more complex problems. While direction
was similar between groups, number of dislocations in the year leading up to surgery was
significantly higher among seizure patients, with over 40% experiencing greater than 5
dislocations in the year leading up to surgery. This is likely multifactorial. First, the
relapsing nature of epilepsy places these patients at higher risk of recurrent dislocations
secondary to recurrent seizures, highlighting the important role of AED in management of
these patients. In this study, 90.9% of seizure patients were taking an AED; yet, 30% of
epilepsy patients may continue to have seizures even after AED treatment is initiated.4”: 48
According Thangarajah et al3®, poor adherence to AED regimens is a common finding in
these patients and contributes to the significant rates of recurrent instability that can be as
high as 69% even after surgical repair.*® AEDs also have a deleterious effect on bone
density, increasing the risk for bony defects with each dislocation.>20-21 This may lead to a
downward spiral of bone loss and recurrent dislocations related to bone loss. Bony defects
are not only a risk factor for recurrent instability but also for failure of soft-tissue-based
surgical repair.50-51 Reevaluating a patient’s need for AED over time may also mitigate the
adverse bone health effects by lowering dosages or discontinuing medications when
clinically indicated.

As hypothesized, preoperative imaging demonstrated a high rate of bony pathology in
seizure patients relative to controls. Radiographically, both humeral and glenoid bone loss
were more common among seizure patients, found in 80% of seizure patients and 28% of
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controls. The rate of radiographic Hill-Sachs lesions in the seizure group (32%) was
consistent with prior literature; Thangarajah et al found an incidence of 43% for large (>20%
of articular surface) Hill-Sachs lesions?, and Buhler reported an incidence of 35% in a
similarly designed study.” On MRI, anterior humeral and posterior glenoid bone loss were
significantly more common among seizure patients, indicating that the posterior dislocations
experienced by seizure patients were associated with more bony sequelae. Intraoperative
examination also demonstrated a higher incidence of bony pathology in the seizure group. In
agreement with MRI findings, reverse Hill-Sachs lesions were ten times more common for
seizure patients. The incidence of bony Bankart lesions were no different between groups;
however, nearly half of Bankart lesions in the control group were less than 10% of the
glenoid width, versus less than 15% of those in the seizure group. Large bony Bankart
lesions more than 30% were seen in just 0.1% of controls and 12.5% of seizure patients.
Even when controlling for other demographic factors, seizure history remained a significant
independent predictor of bone loss. To compare to other reports on glenoid pathology in the
seizure population, Buhler reported glenoid rim pathology diagnosed on radiographs or
arthroscopy in 15 of 34 (44%) shoulders in a group of patients with epileptic seizure-
induced shoulder instability, and Thangarajah reported glenoid bone loss in 22% of patients
diagnosed by CT or arthroscopy.’-? As discussed above and noted by other authors, AED-
related bone loss®920:21 and recurrent instability are two likely mechanisms for the
increased bone loss seen in this population3552; however, this is the first study to quantify
the rate of bone loss in a surgically managed population of seizure patients relative to
controls. In addition to seizures, recurrent dislocation®3: 5455 and revision surgery®® are both
known risk factors for bone loss. Surgeons managing patients with seizure-related shoulder
instability should be aware of the higher rates of bony pathology in this population, both in
our study and prior published literature, as this likely impacts preoperative planning.

Open surgical management was more common among seizure patients, reflecting the high
incidence of biomechanically significant bone loss. In fact, 40% of seizure patients required
open surgery, versus 15.6% of controls. The majority of open surgery in seizure patients was
performed to address bony stability, with 36% of patients undergoing a Latarjet or bone
grafting procedure. When controlling for bone loss and other demographic factors, however,
seizure history alone was not a significant predictor of having open surgery, so this finding
does appear to be driven primarily by the association of a seizure history with the presence
of bone loss. Previously published data from the MOON Shoulder Group has demonstrated
risk factors for open surgery to be recurrent dislocation (24.4% open in patients with > 5
dislocations versus 6.9% in first-time dislocations®#) and revision surgery (73.3% versus
7.6% of primary stabilizations®®). In comparison, most studies in seizure patients have
demonstrated a high rate of bony augmentation procedures for surgical stabilization. In a
retrospective series, Thangarajah et al reported that 13 of 31 patients (39%) managed
operatively for epilepsy-related shoulder instability between 1996 and 2011 received a
skeletal stabilization, with 9 coracoid transfers and 2 iliac crest bone grafts on the glenoid
and 2 humeral head allografts. This study did not specify open versus arthroscopic surgery

Subgroup analysis comparing patients with a history of seizure who had sports-related
instability versus seizure-related instability demonstrated the groups were relatively similar.
There was a trend towards more severe bone loss and more open surgery in the seizure-
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related group, though the analysis was underpowered to detect significant differences.
Overall, the seizure patients with sports-related instability were more similar to the seizure-
related group than to controls, with regard to bone loss and open surgery. One explanation
may be the effect of AEDs on bone quality, and surgeons should account for this effect when
working up seizure patients with sports-related instability.

Limitations

This study has a number of limitations. The sample size of patients with history of seizure
was limited by the available data from a prospectively gathered database, though it is
comparable to prior studies regarding seizure-related shoulder instability. While we found a
significant difference between groups in Shoulder Activity Scale, the minimal clinically
important difference for this score has not been published. Furthermore, clinical outcomes
are not yet available for these cohorts; as prior literature demonstrates a high recurrence rate
following stabilization, it will be important to prospectively follow seizure patients and
publish results with contemporary arthroscopic and open techniques and with modern AED
options. Also, multiple comparisons were performed on the data, and a false discovery
method was used to limit the likelihood of Type 1 error. No a priori power analysis was
performed as the database was not created to examine a small subgroup such as the Seizure
group; however, the large sample size does allow for the opportunity to evaluate a rare
condition in this patient population.

Conclusion

Seizure patients had more prior dislocations, more preoperative bone loss, and underwent
more open stabilization procedures than controls due to bone loss. Studies examining
recurrence following stabilization will help establish appropriate management practices in
this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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History of Seizure
(n=1273, 98.1%)
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History of Seizure
(n=25, 1.9%)

Preoperative Demographics, Patient Reported Outcomes

Preoperative Physical Exam and Imaging Findings

Intraoperative Findings

Intraoperative Procedures Performed

Figure 1:

Study flow chart of patients enrolled and analyses performed.
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Figure 3: Radiographic and MRI Bony Findings in Seizure and Control Patients.
Black bars indicate control patients. Grey bars indicate seizure patients. * denotes

significance based on adjusted P < .05.
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Figure 4: Selected Procedures Performed.
Black bars indicate control patients. Grey bars indicate seizure patients. * denotes

significance based

on adjusted P< .05.
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Table 1 —
Patient Baseline Characteristics
Group
Variable P value
Control (n=1273)  Seizure (n=25)
Average Age 245 26.3 0.06
BMI 25.7 27.6 0.008 ™
Male 80.8% 68.0% 0.103
Posterior Instability 23.2% 28.0% 0.572
Depression 10.5% 28.0% 0.005~
Smoking 4.9% 20.0% <0.001 7~
Dislocations in Last Year
0x 22.6% 4.0% 0.027
1x 19.6% 16.0% 0.65
2-5x 34.5% 36.0% 0.875
>5x 23.3% 44.0% 0.016*

*
= adjusted Pvalue < .05

BMI, body mass index
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Table 2 -
Patient Reported Outcomes and Physical Exam
Group
Variable P value
Control (n=1273)  Seizure (n=25)

ASES 65.6 67.3 0.45
EQ-5D 74.5 68.1 0.086
RAND-36 Mental 50.5 49.9 0.79
RAND-36 Physical 46.5 46.5 0.91
WOSI 42.1 46.6 0.31
SAS 13.0 8.8 <0.001%
Full Strength Right 91.2% 92.0% 0.89
Full Strength Left 92.1% 88.0% 0.46
Beighton Score 11 1.0 0.79

*
= adjusted Pvalue < .05

Page 19

ASES, American Shoulder and Elbow Surgeons; EQ-5D, EuroQol 5 Dimensions; Rand 36, RAND 36-Item Health Survey 1.0; WOSI, Western
Ontario Shoulder Instability Index; SAS, Shoulder Activity Scale
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Table 3 -
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Group
Variable P value
Control (n=1273)  Seizure (n=25)
Radiographic Findings

Any Bony Pathology 28.0% 80.0% <0.001%
Humeral Bony Pathology 20.5% 72.0% <0.001%
Humeral Bony Pathology Location

Anterior 2.3% 32.0% <0.001%

Posterior 18.8% 40.0% 0.008*
Glenoid Bony Pathology 11.2% 41.7% <0.001%
Glenoid Bony Pathology Location

Anterior 10.1% 25.0% 0.018

Posterior 1.2% 16.7% <0.001%

MRI Findings -

MRI Performed 92.9% 76.0%
Any Bony Pathology 62.6% 82.4% 0.053
Humeral Bony Pathology 44.5% 68.4% 0.038
Humeral Bony Pathology Location

Anterior 2.1% 21.1% <0.001%

Posterior 42.5% 47.4% 0.668
Glenoid Bony Pathology 18.1% 26.3% 0.358
Glenoid Bony Pathology Location

Anterior 16.7% 15.8% 0.919

Posterior 1.4% 10.5% 0.002%
Any Biceps Pathology 0.9% 0.0% 0.673

*
= adjusted Pvalue < .05

MRI findings calculated based on number of patients who underwent MRI; Control: n=1182; Seizure: n=19.
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Group
Variable P value
Control (n=1273)  Seizure (n=25)
Soft Tissue Findings
Any Biceps Pathology 4.5% 4.2% 0.938
Rotator Cuff Pathology 6.3% 5.6% 0.896
Any Capsule Pathology 48.1% 79.2% 0.003%*
Any Labral Pathology 80.9% 95.8% 0.064
Anterior Labral Pathology 80.9% 73.9% 0.398
Inferior Labral Pathology 45.7% 60.0% 0.203
Posterior Labral Pathology 53.5% 57.9% 0.702
Bone and Cartilage Findings
Any Articular Cartilage Pathology 57.7% 84.0% 0.008
Hill-Sachs 44.1% 60.0% 0.112
Reverse Hill-Sachs 1.6% 16.0% <0.001 %
Hill-Sachs Lesion Width (mm) 8.5 10.9 0.063
Engaging Hill-Sachs 24.2% 42.1% 0.076
Bony Bankart 21.6% 37.5% 0.063
Bony Bankart Bone Loss (% width of glenoid)
0-10% 9.6% 4.2% 0.368
11-20% 7.7% 12.5% 0.380
21-30% 3.8% 8.3% 0.260
>30% 0.1% 12.5% <0.001%

*
= adjusted Pvalue < .05
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Intraoperative Procedures Performed

Table 5 -

Group
Variable P value
Control (n=1273)  Seizure (n=25)
Revision Surgery 13.7% 16.0% 0.737
Arthroscopic Surgery 84.5% 60.0% 0.001%
Avrthroscopic Bankart (Anterior)
Labrum Only 9.4% 0.0% 0.109
Labrum and Capsule 57.4% 36.0% 0.032
Arthroscopic Bankart (Posterior)
Labrum Only 3.1% 8.0% 0.162
Labrum and Capsule 26.9% 16.0% 0.221
Arthroscopic Debridement 10.5% 32.0% 0.001%
Arthroscopic Remplissage 5.3% 20.0% 0.002%
Open Surgery 15.6% 40.0% 0.001~
Open Bony Procedure 10.9% 36.0% <0.001 %
Open Humeral Head Allograft 0.2% 12.0% <0.001%
Open Bristow-Latarjet 9.9% 20.0% 0.097
Open Glenoid Allograft 0.2% 8.0% <0.001%
Open Soft Tissue Stabilization 7.6% 24.0% 0.003%
Open Bankart Repair 0.4% 4.0% 0.009
Open Posterior Capsulorrhaphy 0.3% 4.0% 0.003%
Open Inferior Capsular Shift 10.9% 24.0% 0.04

*
= adjusted Pvalue < .05
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