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Symptom Scale and Dizziness Handicap Inventory outcomes from
pre- to post-treatment achieved clinical and statistical significance.
Statistical significance was achieved for the Brain Injury Vision
Symptom Survey, Brock String near point of convergence, King De-
vick and the novel binocular vision screening tool.

Conclusions: A structured, integrative, and progressive reha-
bilitation program addressing the vestibulo-oculomotor and motor
function domains of concussion may be effective in the manage-
ment of persistent post-concussion symptoms.

Impact Statement: This study details one potential comprehen-
sive and sequential method to integrate the neurological domains
of concussion rehabilitation while screening for impairments in the
physical domains. There is a gap in knowledge regarding the most
effective timing, sequencing, and implementation of intervention
methods across the 4 concussion domains. This study provides the
groundwork for future research to establish treatment protocols
aimed to efficiently reduce symptoms associated with persistent
post-concussion symptoms.
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Introduction

Concussions are complex injuries with a wide-range of symp-
toms that can involve the musculoskeletal, nervous, cardiovas-
cular and/or psychological systems [1,2]. Most adults dem-
onstrate full recovery within 1-2 weeks, however, 5-58% can
experience symptoms for weeks or months after injury, now re-
ferred to as Persistent Post-Concussion Symptoms (PPCS) [2,3].

Historical treatment protocols focused on rest during the
acute period, but recent studies demonstrate that an active re-
habilitation approach is more beneficial for recovery [4-7]. The
2020 Clinical Practice Guidelines (CPG) for Physical Therapy (PT)
evaluation and treatment of concussion provides evidence sup-
porting serial evaluations for dysfunction across 4 functional
domains: cervical musculoskeletal, vestibulo-oculomotor, auto-
nomic/exertional intolerance, and motor function [2].

However, it identifies knowledge gaps for preferred evalu-
ation strategies, recommended intervention approaches and
sequencing multimodal treatment interventions, which can be
complicated by the interrelationship of the vestibular, visual,
and musculoskeletal systems [8].

A multifaceted evaluation used to create an individualized
treatment plan can promote quicker clinical improvement, spe-
cifically in those with PPCS; however few studies have assessed
effectiveness of combined interventions [9,10]. Level one evi-
dence supports the efficacy of subthreshold aerobic exercise in
reducing PPCS, with less robust research available to guide clini-
cians in sequencing individualized multimodal treatment plans
for the remaining domains [9,11,12].

Due to the heterogeneity of concussion symptoms present-
ing in multiple concussion domains, adapting an individualized
treatment protocol that combines the benefits of subthreshold
graded aerobic exercises while addressing the other domains
is warranted. Cervical musculoskeletal and vestibulo-ocular PT
care models have been proposed to address this gap. Multiple
studies have concluded that addressing cervical spine limita-
tions and Benign Paroxysmal Positional Vertigo (BPPV) symp-
toms, integrated with visual and vestibular rehabilitation, can
improve clinical and patient-reported outcomes across all sys-
tems [13,14]. In addition, Ziaks et al 2021 proposed that phased
primitive reflex integration therapy targeting complex move-
ments and Brain-Body Integration (BBI) as a precursor to vision
and vestibular therapy can have improved motor function post-
concussion [15]. This study expanded on the integrated vision
and vestibular protocol introduced by Ziaks et al in 2019, to in-
clude a BBI protocol derived from primitive reflex integration
research, theorized to target the moro reflex, asymmetrical ton-
ic neck reflex, symmetrical tonic neck reflex, tonic labyrinthine
reflex, and spinal galant reflex (Figure 1) [15,16].

The results of these studies suggest that there is opportunity
for a structured multimodal assessment and treatment proto-
col conducted on an efficient timeline to successfully manage
PPCS. This observational, pragmatic study introduces an inte-
grative and progressive evaluation and treatment paradigm for
the vestibulo-oculomotor and motor function domains of con-
cussion, to be known as “Ziaks Integrative Neurological Concus-
sion (ZINC) Protocol”.

This study aims to evaluate the preliminary effectiveness of
the ZINC Protocol in reducing PPCS using subjective and objec-
tive outcome measures.

Figure 1: ZINC protocol timeline with domain integration.
Materials and Methods

Role of the Funding Source

No funders played a role in the design, conduct, or reporting
of this study.

Subjects

Individuals with a concussion diagnosis between October
31, 2019 and March 30, 2022 were referred from participating
physicians and athletic trainers. Medical records and subjec-
tive history were screened prior to evaluation by the Principal
Investigator (PI) for participation eligibility using the following
inclusion criteria: (1) >10 years of age, (2) Date of injury more
than 3 weeks but less than 1 year prior to screening, (3) Ability
to (or the presence of a guardian who can) understand and sign
a written informed consent form, obtained prior to initiation
of any study procedures, (4) Willing and able to comply with
visits, tests, and evaluation schedule. Individuals were exclud-
ed if they met any of the following: (1) English not as primary
language, requiring translation services, (2) Participation in any
other clinical trials involving investigational or marketed prod-
ucts within 30 days prior to entry in the study, (3) Presence of
orthopedic conditions such as non-weight bearing status, and
(4) Medicare as primary insurance coverage.

Outcome Measures

Intake forms included the Post Concussion Symptom Scale
(PCSS), Dizziness Handicap Inventory (DHI) and Brain Injury Vi-
sion Symptom Survey (BIVSS). The PCSS is a valid and reliable
tool that rates 22 self-reported concussion symptoms, including
physical, cognitive, and emotional aspects, on a 0 (none) to 6
(severe) point Likert scale. The Minimal Clinically Important Dif-
ference (MCID) for the PCSS total score is 26.5 points [17]. The
DHl is a reliable and valid 25-item tool scored on a 0-100 scale,
assessing the impact of dizziness on physical and emotional as-
pects of one’s quality of life. Totaled scores are classified as fol-
lows: 16-34 points as mild handicap, 36-52 as moderate handi-
cap, and 54+ as severe handicap, with established MCID of 19
points [18]. The BIVSS is a 28-item self-administered survey for
vision symptoms related to brain injury. A preliminary study as-
sessing BIVSS validity determined 82.2% sensitivity for predict-
ing brain injury, however MCID has not been established [19].
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Patients completed the Modified Clinical Test of Sensory In-
teraction and Balance (mCTSIB) using the NeuroCom Balance
Master and the King Devick (KD), as well as a novel binocular
vision screening tool for suppression and visual perception. The
novel binocular vision screening tool is completed with the pa-
tient wearing red and green glasses with both eyes open while
searching for letters A-Z with the right eye, followed by num-
bers 1-26 with the left eye.

Appropriate cueing is provided to allow for assessment of
binocular vision, scanning efficiency, working memory, and vi-
sual endurance over time. The mCTSIB is an objective assess-
ment of balance with variations in visual, vestibular, and so-
matosensory inputs. Although the Vestibular EDGE task force
recommends the mCTSIB, there continues to be limited evi-
dence regarding sensitivity, specificity, or reliability of mCTSIB
in the concussion population [20]. The KD is a reliable and valid
tool which measures oculomotor performance and identifies
suboptimal brain function [21].

Design

Patients completed one 60-minute weekly visit for the first
4 weeks, reducing to 1 visit every other week for 2 months
at a hospital-based outpatient rehabilitation clinic, as well as
20-minutes of a prescribed daily Home Exercise Program (HEP).
The PI conducted evaluations and treatments, including a re-
view of HEP compliance and progress at each session. The study
was approved by the Intermountain Health Institutional Review
Board and all patients/guardians signed an informed consent
form.

During initial evaluation, patients completed the PCSS, BIVSS,
and DHI. Patients were screened for cervicogenic complaints
and referred to a PT team member specializing in cervical spine
for further evaluation and treatment for the cervical-musculo-
skeletal domain [13,16]. Evaluations of the motor function and
vestibulo-oculomotor domains were completed and structured
therapies were based on identified impairment(s). The novel
Primitive Reflex Screening Tool was used to screen for atypi-
cal BBI findings [15]. Sessions progressed through 6 modules
addressing BBI, oculomotor and binocular deficits, and central
vestibular deficits, while incorporating postural stability, dual
task, and cognitive loading skills each visit. Patients progressed
through the modules at their own pace and were expected to
achieve goals consistent with normative values prior to advanc-
ing to the next module. The Pl began each module with a sub-
jective review and assessment of HEP progress.

During Module 1, patients were provided early concussion
management education including pacing strategies, sleep hy-
giene, blue light filters, graded aerobic exercise, return to learn/
work protocols, and suggested B-complex and Docosahexaeno-
ic acid supplements to support healing [6,22,23,24,25,26,27].
Patients were instructed to begin 20 minutes of daily cardio-
vascular exercise at a 3/10 rate of perceived exertion, without
symptom exacerbation greater than 3/10 on the visual analog
scale; they were then guided to progress per the Return to
Sport Protocol until achieving prior level of function [6,28]. In-
dividuals with suspected autonomic dysfunction were admin-
istered a Buffalo Concussion Treadmill Test by the orthopedic
team consistent with the protocol detailed in Ziaks et al 2022
[29]. This strategy of dividing the “neurological” and “ortho-
pedic/physical” facilitates streamlining of interventions. Initial
BPPV screenings were completed via subjective history; Dix
Hallpike and supine roll tests were used to screen symptomatic

patients [2]. Those requiring intervention were guided through
canalith repositioning maneuvers in the clinic and instructed to
complete twice daily until symptom resolution [2]. All patients
were then instructed on correlating exercises for phase one of
the BBI treatment protocol based on findings from the Primi-
tive Reflex Screening Tool (Appendix A) [14]. Patients reporting
symptoms consistent with cervicogenic headache or cervicalgia
were referred to the orthopedic team for assessment and treat-
ment [2].

During Module 2, a “VOMS-plus” examination was com-
pleted, augmenting the Vestibulo-Oculomotor Screen (VOMS)
with oculomotor assessments outlined in Dr. Chaikin’s Vision
Screening & Vision Rehab Therapy manual [30]. This includes
vergences, ocular alignment, smooth pursuits, saccades, Near
Point of Convergence (NPC), gaze stabilization and visual mo-
tion sensitivity completed in yaw and pitch planes. Patients
meeting established cutoffs were referred to neuro-optometry
for further evaluation. Any appropriate interventions to address
the results of a neuro-optometry consultation were completed
in PT. Patients completed the mCTSIB on the Neurocom, the
novel binocular vision screening tool and the KD. Progress on
BBI exercises was evaluated to update the HEP. Patients then
completed dual task and cognitive loading exercises (e.g. sitting
a physioball while identifying and verbalizing odd numbers with
their left hand and even numbers with their right hand).

During Module 3, saccadic exercises were introduced with
“Super Saccades” objective measurements repeated each sub-
sequent visit. Postural stability exercises in the vestibular con-
dition, dual task and cognitive loading exercises were added
[e.g. sitting on a rotating stool while completing laterality and
directionality tasks simultaneously (rotating trunk and lower
extremities right for the letters b/p and left for the letters d/q)].
If body-on-head movements provoked cervicogenic complaints,
patients were referred to the orthopedic team. The HEP was
progressed for the BBl component of the protocol (Appendix A)
and low-level oculomotor control exercises were added.

During Module 4, a re-evaluation of all outcome measures
was conducted. Postural demands for balance were added to
cognitive loading and dual task exercises as tolerated to in-
crease cognitive flexibility (e.g. the previously completed odd/
even exercise would progress by adding marching in place on
foam). Accommodation exercises using a Hart Chart and gaze
stabilization exercises were added to the HEP; review of any re-
maining BBI protocol was completed.

During Module 5, training for convergence/divergence was
added to the treatment protocol and HEP, while progressing
oculomotor control exercises with postural challenges and dual
tasks. Re-assessment of gaze stabilization exercises was com-
pleted for HEP progression. The remaining time focused on
progressive postural stability exercise intensity in the vestibular
condition, dual task and cognitive loading exercises.

Module 6 included comprehensive re-assessments of all
baseline tests and measures and patient-reported outcomes. A
final HEP was prescribed for patients to independently return to
prior level of function over the subsequent 1-2 months, focus-
ing on accommodation, vergences and remaining gaze stabiliza-
tion impairments.

Follow-up via email was completed at 1 month post discharge
to collect patient-reported outcome measures and determine if
patients continued prescribed HEP until achieving goals.
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Table 1: Demographic characteristics of the patients.

Frequency (%)

(n=15)
Sex
Female 11(73.3%)
Male 4(26.7%)
History of Concussion
Yes 7(46.6%)
No 8(53.3%)
Mechanism of Injury
Nontraditional sport 4(26.6%)
Sports-related 4(26.6%)
Motor Vehicle accident 3(20.0%)
Fall 3(20.0%)
Struck by object 1(6.6%)
Age, years, Mean (SD) 30.27 years (+17.86)
Injury to Evaluation, Mean (SD) 79.13 days (+84.9)

Table 2: Timeline to Achieve Target Measures.

Days, Mean (SD) | Number of visits, Mean (SD)
Total duration of treat-
ment 69.53(+21.92) 6.6(+.99)
Integrate Level 1 BBI 41.13(+24.38) 4.8(+1.01)
Integrate Level 2 BBI 60.13(+22.59) 5.93(+0.79)
Add vision to HEP (mod-
ule 3) 25.93(+7.35) 4(+0.76)
Add VOR to HEP (module
4) 35.73(+14.54) 4.6(+0.74)
Add Accommodation to
HEP (module 4) 33.87(+14.51) 4.47(+0.64)
Add Vergences to HEP
(module 5) 52.48(+22.22) 5.53(+0.74)
Goal achieved Super
Saccades 42.8(+19.46) 4.06(+1.03)

**BBI: Brain-Body Integration
**HEP: Home Exercise Program
**VOR: Vestibulo-Ocular Reflex

Statistical Analysis

R Core Team (Vienna, Austria) was used for data analysis
[31]. Subject characteristics were described using frequency
counts/percentages for categorical variables and mean/Stan-
dard Deviation (SD) for continuous variables. Paired-sample t-
tests analyzed mean scores for the PCSS, the BIVSS, the DHI,
the Brock String convergence, the KD, and the novel binocular
vision screening tool. Statistical significance was set at p<0.05.

Results

A total of 270 medical records of patients with a concussion
diagnosis were referred and screened by the PI for inclusion cri-
teria. Of the 270 patients, 30 met all inclusion criteria and 15
were included for data analysis after completing all 6 protocol
modules. There were no adverse events related to treatment
however, patients were lost to follow up due to: 6(17.6%, com-
pleted 2-5 modules) COVID-19 concerns, 3(8.8%, 2-3 modules)
unknown, 2(5.9%, 4-5 modules) financial burden, 1(2.9%, 2

Table 3: Subjective Outcome Measure Scores.

modules) psychiatric conditions, 1(2.9%, 2 modules) work de-
mands, 1(2.9%, 4 modules) familial death, and 1(2.9%, 5 mod-
ules) orthopedic injuries unrelated to study. Four patients (26%)
did not return the outcome measures at 1 month follow-up. The
final sample included 11 females (73.3%) and 4 males (26.7%),
with a mean age of 30.27 years (SD+17.86). There was an aver-
age of 79.13 days from initial injury to date of evaluation. De-
mographic characteristics are reported in Table 1.

The average treatment duration was 6.6 (SD+.99) visits over
a period of 69.53 days (SD+21.92). The average days and num-
ber of treatments between progressions of treatment integra-
tion is displayed in Table 2.

Results from the PCSS, DHI, BIVSS demonstrated statistically
and clinical significant improvements from pre to post-treat-
ment with mean differences of 39.73 points, 24.53 points, and
26.8 points, respectively (p<0.0001).

Eight (53.33%) patients were screened for cervicogenic com-
plaints and referred for further evaluation/treatment of the
cervical-musculoskeletal domain [2]. An additional 8 (53.33%)
patients demonstrated positive dix-hallpike and/or supine
roll tests. They completed a mean of 1.5 treatments of canal-
ith repositioning maneuvers in the clinic, with instructions to
complete twice daily until symptom resolution [2]. Individuals
receiving treatment for cervical-musculoskeletal complaints or
BPPV safely completed the ZINC protocol with no modifications
required and no adverse reactions.

The novel binocular vision screening tool results demon-
strated statistically significant improvements from pre- to post-
treatment with a mean difference of 48.68 seconds, p=0.04
(Table 4). Brock string NPC and KD results demonstrated sta-
tistically significant improvements from pre- to post-treatment
with mean differences of 6.74 inches and 14.33 seconds, re-
spectively (p<0.0001).

During the initial evaluation, patients presented with a mean
of 4.87 (SD+.35) out of 5 BBI patterns on the Primitive Reflex
Screening Tool (Appendix A). Upon discharge, all patients dem-
onstrated integration of all BBI patterns. Additionally, 9 (60%)
patients exhibited an emotional response (e.g. irritability or agi-
tation) while completing BBI exercises in module 1. Emotional
responses to BBI exercises resolved for all patients by module 3.

Administration of the “VOMS-plus”, using ratings based on
guidelines from the Vision Screening & Vision Rehab Therapy
manual, as well as the mCTSIB, were completed during module
2 and module 6. All patients demonstrated improvement in all
“VOMS-plus” components, however MCID has not been estab-
lished therefore descriptive statistics are reported in Table 5.
Further research would determine how to best interpret these
results.

Prior to treatment, 6 patients failed to maintain balance on
the mCTSIB. Of these 6 individuals, 4 reported symptom provo-
cation. All patients who completed the mCTSIB post-treatment
were asymptomatic. Results are reported in Table 5.

Pre-treatment score Post-treatment score Pre to post t-statistic Pre to post 1 month follow-up score
(n=15) (n=15) Score mean difference (95% Cl) p value (n=11)
PCSS,
55(+27.07) 15.27(+11.20) 39.73(25.83, 53.64) 6.13 <0.0001 9.18(+7.87)
Mean (SD)
BIVSS,
40.27(+23.20) 13.47(+12.72) 26.8(15.07, 38.53) 4.9 <0.0001 9.36(+6.82)
Mean (SD)
DHI,
36.93(+26.14) 12.40(+15.20) 24.53(9.85, 39.22) 3.58 <0.0001 5.46(%5.30)
Mean (SD)
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Table 4: Objective Outcome Measure Scores.

) Pre-treatment Post-treatment Pre to post Score mean . Pre to post
Sample size ) t-statistic
(module 2) (module 6) difference (95% Cl) treatment p value
Brock String convergence, X X .
n=15 11.17 inches (5.7) 4.43 inches (+1.69) 6.74(4.01, 9.46) inches 5.3 <0.0001

Mean (SD)

. . 44.23 seconds
King Devick, Mean (SD) n=15 58.56 seconds (+17.39) (£6.90) 14.33(5.94, 22.73) seconds 3.66 <0.0001
Novel binocular vision 258.17 seconds 209.49 seconds

K n=14 51.95(7.58, 96.33) seconds 2.53 0.025

screening tool, Mean (SD) (£102.81) (£86.35)

Table 5: Vision and balance evaluation findings.

Pre-Treatment
(module 2)

Good (3, 20%) Resolved (11, 73.33%)
Fair-Good (8, 53.33%) | Good (3, 20%)

Fair (2, 13.33%)
Fair-Poor (1, 6.67%)
Good (4, 26.67%) Resolved (12, 80%)
Fair-Good (6, 40%) Good (2, 13.33%)
Fair (4, 26.67%)
Fair-Poor (1, 6.67%)
Near Point Con- WNL (7, 46.67%) WNL (13, 86.67%)
vergence ABD (6, 40%) ABD (1, 6.67%)
Nystagmus (2, 13.33%) | Nystagmus (1, 6.67%)

Post-Treatment (module 6)

Saccades

Smooth Pursuits

Symptoms provoked - | Symptoms provoked - yes (1,
yes (7, 46.67%) 6.67%)

Vestibulo- Ocular | <60 bpm (2, 13.33%) <60 bpm (0, 0%)

Reflex provocative | 61 bpm -119bpm (7,

61-119 bpm (1, 6.67%)

46.67%)
>120 bpm (6, 40%) 120-179 bpm (9, 60%)
>180 bpm WNL (5, 33.33%)
Ocular alignment | WNL (12, 80%) WNL (14, 93.3%)
WNL (8, 53.33%) WNL (14, 93.3%)
mCTSIB Visual dependence (3, | Declined (1, 6.7% - same
20%) patient)

Fail all 4 conditions (3,

20%)

Declined (1, 6.7%)

“WNL: Within Normal Limits; “"ABD: Abduction of the Eye; “'60 beats

per minute (bpm): % cycle per second - 1 beat per side provided
Discussion

This study is the first to evaluate effectiveness of the ZINC
Protocol, a proposed method for addressing the neurological
concussion domains. Outcomes from pre to post-treatment for
the PCSS and DHI achieved clinical and statistical significance,
with scores exceeding established MCIDs. Statistical significance
was achieved for the BIVSS, brock string NPC and KD, however
MCIDs for these outcomes have not been established. These
results demonstrate improvement in PPCS, supporting the ef-
ficacy of this integrative concussion rehabilitation protocol ini-
tially proposed by Ziaks et al, 2021 [15].

The ZINC Protocol is a portion of one proposed comprehen-
sive method detailing sequenced and progressive examinations
and integrated treatments. Patients had a mean difference of
39.73 points on the PCSS, in an average of 6.6 visits over 69.5
days. Similarly, Grabowski et al looked at a combination of cer-
vicothoracic manual interventions, vestibular-oculomotor ex-
ercises, cardiovascular training and sport-specific training to
treat PPCS, resulting in a 9-point PCSS score improvement over
a mean of 4 visits in 84 days [32]. Another study assessed the
efficacy of an active rehabilitation program for adolescents with
PPCS involving subsymptom threshold aerobic training, coor-

dination exercises, visualization and imagery techniques, and
a HEP [33]. Over a mean of 3.4 visits in 35 days, they found a
change of 24.7 points on the PCSS in the intervention group,
as compared to 15.8 points in the control group. Other stud-
ies have concluded that individualized multimodal programs
promote symptom reduction, improved self-management, and
enhanced function in individuals with PPCS [34,35]. While the
ZINC protocol builds on this previous research supporting a
multimodal approach to evaluate and treat PCSS, larger-scale
long-term studies are needed to validate these types of pro-
posed frameworks. Optimal oculomotor function is achieved
through a combination of pursuits, saccades, vergences and
visual-fixation movements such as gaze-holding, optokinetic re-
sponses and the vestibulo-ocular reflex. Impairments in these
components have been associated with concussion-related
symptoms and contribute to difficulty maintaining balance and
postural control during functional activities [36,37]. A 2020 sys-
tematic review reported that impairments in NPC post-concus-
sion can be treated with oculomotor therapy [38]. Other studies
have identified the benefits of gaze stabilization to improve the
vestibulo-ocular reflex post-concussion [39]. It has been report-
ed that standard vision therapy alone to address these types
of deficits post-concussion averages 12-20 visits over 42-106.4
days [38,40,41]. After completing an average of 6.6 treatment
sessions of the ZINC protocol, patients demonstrated near or
full resolution of oculomotor impairments, indicated by im-
provement in brock string measures for NPC, reduced BIVSS
scores for subjective visual symptoms, and improvement on
all “VOMS-plus” components including saccades and pursuits.
Additionally, KD scores improved from 58.56 seconds during
module 2 to 44.23 seconds in module 6. Scores indicating ab-
normalities on the KD have not been established, but average
KD times for healthy adults is between 44.5 to 51.24 seconds
[42,43]. Although MCID is not established, post-treatment KD
time was well within the reported averages for healthy adults
after a relatively short treatment duration.

There is sufficient evidence demonstrating positive effects
of vestibular rehabilitation to improve dizziness associated with
vestibular-oculomotor deficiencies post-concussion [44-46].
The results of this study found clinically and statistically sig-
nificant DHI outcomes, as the mean difference of 24.53 points
exceeds the established 19-point MCID. These outcomes align
with research supporting the validity of the DHI in conjunction
with the VOMS, particularly in the context of vestibulo-oculo-
motor impairments post-concussion [47]. Eagle et al, 2022 sug-
gests a predictive relationship between select vestibular and
oculomotor components within the DHI and elevated VOMS
scores, strengthening the utility of DHI in this context. A 2017
case series of 6 individuals with PPCS demonstrated statistically
significant results (p=0.033) of the DHI following a comprehen-
sive 6-month multimodal rehabilitation program [48]. These
findings align with the outcomes of Alsalaheen et al 2010, where
DHI improvements exceeded the MCID [49]. Following the im-
plementation of the ZINC protocol, improved outcomes were
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also observed at post-treatment mCTSIB assessment. Another
study demonstrated notable improvements in mCTSIB scores
following an 8-session rehabilitation program for PPCS [50]. The
current study results support cumulative prior findings, high-
lighting that individuals experiencing PPCS who participate in
a multimodal approach including vestibular rehabilitation have
improvement in standardized symptom reporting tools.

The ZINC protocol design utilizes the visual and vestibular
systems to mirror how individuals functionally utilize multisen-
sory processing with a complex interaction between function
and structure of the brain, perception, behavior, and emotion
to navigate the real world [51]. Exercises were selected or de-
veloped with multiple clinical purposes in an effort to reduce
volume and duration of treatment.

This integrative and progressive method allows the clinician
to determine the clinical reasoning for each exercise’s goals in
individual patients, while allowing the structure of a protocol to
guide treatment. For example, the “bpqgd chart” starts in sitting
with body-on-head rotations, allowing for a functional screen of
cervicogenic dizziness, while completing a dual task and lateral-
ity / directionality skill requiring visual tracking and scanning.
Due to the length of the exercise, the patient is also challenged
in attention and cognitive endurance. This exercise progresses
over time to include standing and potentially jump turns to in-
crease the vestibular demand during dual task exercises. With
one exercise, the clinician can address a variety of clinical goals
at once.

Utilizing exercises with multiple aims and clinical relevance
minimizes the number of exercises required to address these
complicated clinical profiles and lack of homogeneity in the
concussion population. Patients were discharged from therapy
once they were able to establish understanding of their final
HEP and when they had returned to a prior level of function
based on community, school, and work participation.

Current literature for the neurological concussion domains
focuses on the vestibular-oculomotor components, with mini-
mal guidance for assessment and treatment of motor func-
tion [12]. Subtle motor function impairments can be difficult
to detect and often persist long after other symptoms resolve,
impacting daily activity participation and potentially contrib-
uting to repeat injuries [2]. It has been proposed that symp-
toms of suspected primitive reflex disinhibition may contribute
to motor function impairments due to the negative effects on
balance, coordination, impulsivity, visual tracking and conver-
gence, motion intolerance and concentration [15]. Ziaks et al,
2021 was the first to look at individuals with PPCS who received
integrated primitive reflex disinhibition, vision, and vestibular
rehabilitation interventions [15].

A unique aspect of the ZINC protocol is the advancement
from foundational skills through motor function with the BBI
progression, building to more complex and dynamic visual and
vestibular integrative exercises. In this BBI protocol, individu-
als are instructed to focus on slow concentrated movement to
build awareness over multiple body parts simultaneously, with
the intention of increasing kinesthetic and proprioceptive per-
ception. During exercises such as the “superman with the head
down” (Appendix A), the individual will automatically flex at the
elbows and/or knees and with no awareness of the coupled
movement pattern.

Drawing attention to the elbow flexion and having the pa-

tient focus on end range extension may be a key factor in the
effectiveness of these exercises; however, further research will
be required to better understand the underlying mechanisms
of these exercises. Similarly, in the “Moro Bridge” exercise, in-
creased postural sway and cognitive effort of completing the
exercise will be noted by patients when completed in the target
position of feet, knees, and hands at midline versus a traditional
posture. The authors hypothesize that the observed improve-
ments in form and effort are a result of increased neuromuscu-
lar control, as true strength gains would require more time to
allow for muscular hypertrophy to occur. Of interesting note,
the BBI exercises can provoke autonomic responses such as the
emotional changes seen in 9 (60%) patients during module 1.
These emotional responses were resolved by module 3, ap-
pearing to correlate with improvements in patient’s subjective
reports of concentration and/or focus, and potentially improve
brain processing speeds and visual perceptual skills. Symptoms
of suspected primitive reflex retention do overlay with post-
concussion symptoms and include impairment in mood regula-
tion, impulsivity, visual tracking and convergence, balance and
coordination, motion sickness, short term memory, and cogni-
tive fatigability [14].

The population in this study was composed of predomi-
nantly adult female non-athletes. While these results expand
on current concussion literature which has traditionally focused
on youth male athletes, future research of this approach for the
spectrum of subgroups would be beneficial for generalizability.

Limitations

There are several limitations for this study. There is a small
sample size from a sample of convenience and therefore the
results cannot be generalizable. The study was subject to selec-
tion bias because the Pl was the only individual with access to
patients’ records.

The inclusion criteria for time since injury was ultimately a
design flaw due to the number of patients excluded. At the time
of study design, it was widely accepted that 90% of injuries re-
solved within 3 weeks. To reduce risk of bias from spontaneous
recovery, including what recent research has shown to be the
positive effects of early exercise, patients were included out-
side of this spontaneous window (n=90). There were also con-
cerns regarding the impact of long-term disability on recovery,
which limited recruitment to less than 1 year (n=53). Due to
the observational design of this pragmatic trial, active recruit-
ment was not possible to facilitate study recruitment within the
established timeline and a higher number of exclusions were
identified than anticipated.

Interventions were clinic standard of care, covered by insur-
ance. Due to absent funding, recruitment was challenging with
56 individuals screened who were unable or unwilling to par-
ticipate. The COVID-19 pandemic disrupted study recruitment,
subject participation and retention. One patient completed all
6 modules however, their final visit was completed over tele-
health with IRB approval due to the COVID-19 pandemic, re-
sulting in an inability to complete final assessment of the novel
binocular vision screening tool.

Another limitation was difficulty obtaining follow up ques-
tionnaires. Initially questionnaires could not be completed
electronically and patients were emailed PDFs of all 3 ques-
tionnaires to complete, scan, and return. Adherence to follow
up questionnaires did improve upon providing an electronic
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version however it is ultimately unknown how great of a role
this technology challenge played in the poor retention rate for
follow-up measures.

Conclusion

Although the concussion domains are well outlined in the
Concussion CPG, a knowledge gap remains regarding the most
effective way to sequence interventions and integrate treat-
ment across domains [2]. The ZINC Protocol is one proposed
method of standardizing sequential examination and treatment
while individualizing the vestibular-oculomotor and motor
function domains, and screening the cervical-musculoskeletal
and autonomic dysfunction/exertional intolerance domains.
Although significant differences were identified across all sub-
jective and objective measures in this study, future research is
required to demonstrate effectiveness and validity of the ZINC
Protocol. This pragmatic study’s results provide the groundwork
for future research to close the knowledge gap in sequencing
assessment and treatment across the concussion domains in an
expanded patient population.
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