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This paper provides a clear overview of Whiplash-Associated Disorders (WAD), focusing on how these injuries happen, how
common they are in car accidents, and how crash direction affects the type of injury. It also covers risk factors that can lead
to long-term pain and disability. The goal is to stress the importance of early, well-rounded treatment and to guide
professionals in managing and improving outcomes for patients with WAD.

Whiplash-Associated Disorder (WAD) is a complex condition that can look different from person to person. The type of crash
and the person’s position during the accident can greatly affect how the injury develops. This paper explains the underlying
anatomy involved in WAD and offers guidance on how to best care for patients after a motor vehicle accident.

+  WAD often causes lasting pain and movement problems.

«  Nerve-related pain can spread if not addressed early.

- Different crash directions cause different types of injuries.

+  Muscle damage may lead to fatty buildup in neck muscles, which worsens pain and recovery.

+  Concussions and brain injuries are more common in WAD than people realize, and often go undiagnosed.
«  Early identification of risk factors can help guide better treatment decisions.

+  Patients have better outcomes when treated early by a skilled team.

This paper highlights how complex whiplash injuries can be and explains why it's important to understand how the body
moves during a crash and how symptoms can vary. It supports early, team-based care as the best way to help patients
recover fully.
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Neck pain from a motor vehicle accident (MVA) is different from a typical neck strain. The term “whiplash” was first
introduced in 1928 to describe this unique injury caused by the rapid acceleration and deceleration common in car crashes.?
Since then, the term has evolved to include a wide range of symptoms such as pain in the neck, shoulders, back (upper,
middle, and lower), arms and legs, as well as headaches.2” Other symptoms may include depression, anxiety, PTSD,
dizziness, tinnitus, memory issues, difficulty swallowing, voice changes, jaw pain, concussions, and even brain injuries.? 81°

One of the biggest challenges in treating WAD is predicting which patients will recover and which will develop chronic,
long-term symptoms. 1618 Studies show that about half of patients recover within 3 to 6 months, but many continue to
struggle for one to two years, or longer. Of those who don’t recover, around 30-40% have ongoing mild to moderate pain,
and 10-20% experience more severe symptoms. ® Another study found that 69% of whiplash patients still had symptoms
two years after the accident. 1°

WAD is also a global health concern. A 2009 study reported that whiplash injuries occur at rates ranging from 28 to 834
cases per 100,000 people per year. 2° In the European Union, an estimated 300,000 people suffer whiplash injuries annually.
17 Emergency room visits for WAD have increased tenfold over the past 20 years. 2!

The financial impact is substantial. In the UK, the cost of treating WAD and the related loss of productivity was estimated at
£3.1 billion in 2002.22 Other estimates include €10 billion across Europe and $9 billion in the United States.?2,2 One U.S.
study calculated the cost of WAD treatment in 2004 at $2.7 billion.2* Another found that during the first four months after a
whiplash injury, combined costs for care and lost productivity ranged from £99.55 to £668.53.2°

As shown by the incidence and cost data above, WAD is a growing global health and economic issue. Its complexity goes
beyond simple neck pain, patients often experience a wide range of symptoms that can be difficult to manage. This can be
overwhelming for both patients and providers, even with recent advances in treatment. 2°6 Understanding how WAD develops
and progresses is key to creating effective, targeted treatments that improve recovery outcomes.

To help clinicians and researchers better assess and treat whiplash injuries, the Quebec Task Force developed a widely used
classification system. 2” This system ranks WAD from Grade 0 to IV based on severity and can help predict outcomes up to
24 months after injury.2”,28

+ Grade 0: No neck complaints or physical signs.

« Gradel: Neck pain, stiffness, or tenderness only.

+  Gradell: Neck pain plus musculoskeletal signs (e.g., limited motion, tenderness).

+ Grade lll: Neck pain plus neurological signs (e.g., reflex loss, weakness, sensory changes).

+  GradelV: Neck pain with fracture or dislocation.

Studies show this system is a reliable tool, especially when used by experienced WAD researchers. 2°

Whiplash injuries can lead to a wide range of symptoms. The most common is neck pain, which affects up to 84% of patients
within the first week and continues in 38% of patients a year later. 3° This pain is more severe and longer-lasting than a typical
neck strain. It often includes limited motion, muscle fatigue, and referred symptoms in the arms, hands, head, and upper
back due to damage in the joints and soft tissues of the neck. 314°

Headaches are also common. 3°, 4143 One review found that 60% of patients reported headaches in the first week, and 38%

still had them after 12 months.3° These headaches may come from neck trauma (cervicogenic) or brain injury such as
concussion. 11,41 42 44 45
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While this paper focuses on the neck, lower back pain is also frequently seen after motor vehicle accidents and can be part
of WAD.*3,%¢ 47 Concussions and traumatic brain injuries (TBIs) are additional possible outcomes.,'2 Gil and Decq’s 2021
review highlights shared symptoms like dizziness, balance problems, and eye movement issues that may result from similar
injury mechanisms. Memory issues related to brain trauma are also common and can be missed in the emergency
setting.*8,4°

Dizziness is another frequent symptom linked to injury of the neck or inner ear.®°-52 Chronic tinnitus (ringing in the ears) may
also develop after trauma and can be worse when combined with head or neck injury.3,>* One study found that up to 68% of
patients had tinnitus tied to neck muscle issues.?® Other symptoms like jaw pain, difficulty swallowing, and facial issues
(craniofacial disorders) are also associated with WAD.1°,56-%8

To properly understand the wide range of symptoms caused by WAD, it's essential to examine the biomechanics of the head
and body during an accident. This helps link specific injuries to symptoms. For a detailed explanation of how low-speed
crashes affect the body, see the “Low Impact Motor Vehicle Accidents” white paper from this organization.

In a rear-end collision, the neck typically moves through three stages. *° Chen et al.>*-%° described how, in the first stage, the
neck straightens and retracts, transmitting shear forces from the lower to upper cervical spine. By the end of this phase,
compressive forces shift into tensile forces. In the second stage, the lower vertebrae extend and the movement travels
upward, causing the upper cervical spine to extend. Shear forces remain active. In the final stage, the entire cervical spine
reaches full extension, with both shear and tensile forces acting at once. °°

Wearing a seatbelt restrains the thoracic spine, which increases forward momentum of the head. This enhances eccentric
muscle strain and axial compression. ' The injury happens so quickly that the body doesn’t have time to react, placing
stress on passive (non-contractile) tissues. 8

In a frontal impact, the vehicle decelerates while the torso moves forward due to inertia. ®2 The head lags behind, causing the
neck to bend into an inverse S-shape: upper cervical extension with lower cervical hyperflexion. This pattern stresses areas
like C7-T1 and C5-C6 and may end with the head hitting the steering wheel or windshield. 62%*

In a side-impact collision, the occupant may be on the side of the impact (near side) or opposite it (far side). 2 When hit, the
torso shifts toward the impact while the head and neck bend and rotate in the opposite direction. This forms an S-shaped
curve in the frontal plane, opposite lateral bending in the upper and lower cervical spine, with possible added rotation. 5°

In each of these impact scenarios, various tissues are affected differently depending on the mechanics of the injury and the
resulting stress distribution on the body. The following sections of this paper will explore rear-impact, frontal, and lateral
impact collisions.

Rear-end motor vehicle accidents exert specific forces that make certain neck structures especially vulnerable to injury.
Studies show that neck retraction during impact is often limited by pain, likely due to stress placed on the facet joints,
particularly where the superior facet compresses into the inferior facet. -7 These joints are the most common site of injury
in WAD and are rich in pain-sensitive receptors. 58-6°

When sitting in a neutral position (back supported, looking straight ahead), the lower cervical spine (C4-C7) is subjected to
significant shear forces during a rear-end impact, even when neck movement stays within normal limits and headrests are
barely engaged.”®"* The degree of acceleration change influences how much damage occurs, with possible outcomes
including facet capsule tears, ligament injuries, cartilage damage, and even micro- or microfractures.”®”® These effects may
be more severe in females due to anatomical differences.’®
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Beyond the facet joints, intervertebral discs are also at risk during rear impacts. The whiplash “S-curve” motion can cause
anterior distraction and posterior compression, resulting in annular tears, disc nucleus damage, and vertebral endplate
avulsions.”®7” The posterior region of the disc often sustains the greatest strain.®27° These injuries most commonly affect the
C5-T1 disc levels,’58" and disc pain can persist for over two years in some patients.®2

Rear-end impacts also damage ligaments and soft tissues in the neck. A Swedish study of over 16,000 crash victims found
that rear-end collisions posed the highest risk of soft tissue injury to the neck.83 Injuries have been reported in the anterior
and posterior longitudinal ligaments, ligamentum flavum, and capsular ligaments.?,2* The upper cervical spine (C0-C2),
which contributes to nearly half of head-neck motion and lacks disc support, is especially prone to injury.8-8¢ Fice and
Cronin identified the apical and alar ligaments as frequently injured in rear impacts, and Kaale et al. found alar ligament
damage on MRI in 66.3% of their studied group.8’-% Patients with their heads turned at the moment of impact were more
likely to have severe ligament injuries.®® Additionally, the posterior tissues of the upper cervical spine may be strained during
retraction, contributing to headaches and dizziness after WAD.8°-%

Finally, cervical muscles can be damaged during whiplash, especially from rapid lengthening (eccentric) contractions.?,%
Muscles commonly injured include the sternocleidomastoid, multifidus, splenius, semispinalis, trapezius, masseter, and
temporalis.®®,°7-98 Extension of the neck during impact strains the anterior neck muscles and ligaments as they attempt to
decelerate spinal motion, leading to injuries at both muscle bellies and their entheses (attachment points).®*~1°1 This muscle
damage is linked to myofascial pain, headaches, and, due to the multifidus’ role in the facet capsule, joint
dysfunction.2°,%0,102-103

Frontal-impact motor vehicle accidents can cause many of the same injuries as rear-end collisions, but often involve
additional trauma to the lower extremities. These injuries may result from direct impact or force transmission through the
ankles, femurs, or hips—with the hip frequently being the weakest link.%* For example, a flexed knee striking the dashboard
during a frontal crash is a common source of lower limb injury.®* Frontal impacts also carry an increased risk of head and

chest injuries due to contact with the steering wheel or windshield; however, seat belts and airbags significantly reduce this
risk.64,1°4—1°8

One study showed that cervical spine motion is often impaired after frontal impacts. Specifically, cervical flexion is most
limited in the early stages post-injury, while protraction and retraction limitations can persist up to 12 months.®® The facet
joint capsules, particularly at the C5-C6 and C6-C7 levels, are vulnerable to injury due to excessive strain during the forward
motion of the neck.®,73,1%° Whiplash dynamics in a frontal impact cause the vertebrae to move around a higher-than-normal
pivot point, resulting in multilevel facet compression.™ Hyperextension rebound may also injure the C2-C3 levels.”®
Additionally, eccentric muscle loading during cervical spine deceleration can stress and injure the multifidus muscle and its
capsular ligament attachment.2®

Frontal collisions can also lead to intervertebral disc injuries, but often in different ways than rear-end impacts. The C5-C6
disc is most frequently affected, with the C2—C3 disc also showing strain. 1° These injuries can involve annular tears and disc
herniations, especially in the posterior annular region. 1° Since such injuries are rare in asymptomatic individuals under age
40 (3-10%), 82,111 their presence may be highly relevant in post-accident evaluations. Moreover, disc injury may contribute to
chronic pain by altering cervical load distribution, accelerating facet joint degeneration. 11°

Soft tissue injuries are also common in frontal-impact cases. One study documented damage across the posterior cervical
ligaments from C2 to T1.112 Another found the supraspinous, interspinous ligaments, and ligamentum flavum frequently
injured, especially at the C3-C4 level."® Muscles such as the trapezius, sternocleidomastoid, splenius, semispinalis, and
others undergo eccentric contraction, placing additional tension on the multifidus and its joint capsule interface.®,11%-11°

Lateral-impact motor vehicle accidents (MVAs) can cause injuries like frontal and rear-end collisions but also present unique
risks. Occupants in lateral impacts are at higher risk for severe injury than in other types of collisions. ®2 These impacts may
cause the torso to rotate toward the point of impact and slip out of the shoulder belt, creating abnormal S-curve motion and
placing multidirectional strain on the cervical spine.®2,%
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A unique feature of lateral collisions is the side-specific injury pattern: the side closest to impact experiences direct trauma,
while the opposite side may be injured from internal contact with the vehicle.®* Lateral impacts also produce a coupled motion
of rotation and lateral flexion away from the impact, often with added flexion or extension, creating complex, multi-planar
stress on facets, discs, and soft tissues.®®,1®

Compression forces are especially significant at C6—-C7, where joint space deformation has been observed.®®,'1” On the
opposite side of impact, ligaments restrict motion but are subjected to distraction forces, making facet capsular ligaments
particularly vulnerable.®® One study documented motion beyond normal physiological limits at C1-C2 and C3-C7, as well as
injuries to the intervertebral discs, ligamentum flavum, anterior and posterior longitudinal ligaments, and capsular ligaments,
particularly from C4-T1.82,117

Muscular and soft tissue injuries were especially noted contralateral to the side of lateral flexion, particularly at C3-C5. °°
Muscles such as the sternocleidomastoid, trapezius, and splenius capitis are commonly affected. 118,11°

Injury severity from lateral impacts can also vary based on several factors, including seat position, head rotation, occupant
posture, braking at impact, and startle response.1°?,12°-12¢ Bracing with the arms (such as against the steering wheel) may
protect during frontal impacts but offers less benefit in rear impacts.” Age and sex also influence injury risk, and higher
impact severity increases the potential for serious injury.128-13°

In all types of motor vehicle impacts, neural tissues are at risk. A reduction in intervertebral foramen height during a collision
may lead to nerve root compression, especially in areas of significant tissue deformation. °® For example, C5-C7 nerve roots
and ganglia are susceptible during rear-end impacts, potentially leading to chronic radicular pain.’3' Cervical spine rotation
during impact can worsen narrowing and increase the risk of injury at C3-C7.12,133

Beyond mechanical compression, traumatic inertial loading—from lateral bending or whiplash—has been linked to brainstem
injury.52,3* Sudden fluid redistribution (e.g., CSF and internal vertebral venous plexus) creates internal pressure waves,
causing hydraulic trauma to neural structures.™® '3 This may result in central sensitization, a process involving changes to the
spinal cord or brain that lead to abnormal pain perception.’s” These changes can include upregulated sensory receptors,
axonal sprouting, loss of inhibitory neurons, and altered synaptic behavior.

Evidence also suggests that incomplete spinal cord injury may underlie persistent pain in chronic whiplash cases.3®-1%1 A
large systematic review found neuropathic pain in 34% of WAD patients, with nerve pathology in 13-32%.% Another study
showed T2 MRI signal changes in the nerve roots, brachial plexus, and median nerve, indicating peripheral nervous system
inflammation.2 In that study, 34-75% of patients reported neuropathic pain.

Once nerve injury occurs, fibrosis, blood-nerve barrier disruption, and microvascular dysfunction can affect downstream
tissues. 1*3,1*4 Facet joint injuries, common in WAD, can trigger neurogenic inflammation, contributing to widespread
hypersensitivity."°—1*7 Inflammation in the facet-nerve pathway can impair cartilage health, with elevated levels of Substance
P seen in joint surfaces.®

Additionally, astrocytic TSP4 (Thrombospondin-4) expression in the spinal cord increases following facet injury, leading to
excitatory synaptogenesis and a lower pain threshold.8-1%° A study by Greening et al. found patients with chronic whiplash
had nerve hyperexcitability and median nerve deformation in the carpal tunnel, persisting from 3 to 171 months post-injury.*°

When neural, articular, and soft tissue injuries occur—as seen in Whiplash-Associated Disorders (WAD)—they may lead to
long-term, maladaptive changes. One key phenomenon is fatty infiltration of cervical muscles, which has been linked to
chronic pain and movement dysfunction in WAD. Fatty infiltration is defined as the abnormal accumulation of fat cells within or
between muscle fibers. 1°1, 152

In the general population, fatty infiltration is associated with aging, disuse, injury, inflammation, or nerve damage. 1%3, 14

However, after a whiplash injury, these changes can occur rapidly, within two weeks, due to both direct tissue damage and
disrupted neural signaling to the muscles.®1,15°
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This infiltration affects both deep and superficial cervical muscles and is correlated with:

»  Poor functional recovery

+  Postural instability

+  High disability scores

+  Ligamentous injury

+ Increased pain levelst®6-162

These changes appear to be unique to traumatic neck injuries and may explain why some patients are resistant to standard
treatments. %1157 Consequently, targeted rehabilitation strategies may be needed.

As noted by Snodgrass et al., monitoring for muscle fatty infiltration may have value in diagnosis, treatment planning
(theragnosis), and prognosis for patients with neck pain. 168

Traumatic Brain injuries and Concussions:
Concussion and mild traumatic brain injury (mTBI) share many clinical features and are often used interchangeably in
research. 1% After a whiplash injury, it is common for patients to experience concussive or mTBI-like symptoms, including:

+  Sleep disturbances.
+  Sensory sensitivities and dizziness.
»  Cognitive difficulties (poor concentration, memory issues, mental slowness)

Motor vehicle accidents (MVAs) involving these symptoms are associated with higher healthcare costs and increased
hospitalization rates. 7° These symptoms often persist for 1-3 months, and when they continue beyond 6 months, they are
classified as post-concussion syndrome. 13,15°

There is significant symptom overlap between WAD and mTBI, likely due to shared mechanisms such as rotational injury. 16,
171 This may contribute to the high rate of underreported concussions in whiplash cases.

Treatment requires specialized care, as management must address both vestibular dysfunction and cervical spine
involvement. 172-17% Rehabilitation programs should be tailored to the unique needs of these patients, combining
neurometabolic and orthopedic expertise.

Early identification of prognostic indicators is essential in guiding appropriate, multidisciplinary treatment for patients with
WAD. Clinicians experienced in managing WAD can use these factors to stratify risk and optimize care pathways. The
following have been consistently identified in the literature as predictors of poorer outcomes or delayed recovery:

«  Severe initial symptoms including high pain intensity, headache, lack of post-secondary education, and high functional
disability scores (e.g., elevated NDI scores) are associated with worse prognosis. 13°, 176-17°

+ Reduced cervical range of motion, presence of neuropathic symptoms, referred arm pain, and cold hyperalgesia are
additional negative prognostic signs. 18, 180 181

+  Classification of Grades 2 or 3 WAD per the Quebec Task Force system indicates higher injury complexity. 28 69182185

. Psychological factors such as kinesiophobia, low perceived recovery potential, anxiety, depression, and PTSD are
strongly associated with prolonged disability. 186193

+  Psychological trauma identified within the first 3 weeks post-injury correlates with elevated pain levels at 12 months. 1°*

+  Head rotation at the time of impact is linked to more complicated recovery. 1®1

+  Delayed initiation of care following the MVA is a risk factor for chronicity. 195-1°7

«  Socioeconomic factors, such as lower income or part-time/unemployment status, are associated with worse outcomes.
198

- Older age at time of injury has a statistically significant correlation with slower or incomplete recovery. 195198200

+ A history of headaches or pre-existing cervical conditions, even if stable at the time of the MVA, increases the risk of
persistent symptoms, 44, 201205

+  Female sex has been consistently associated with a higher likelihood of poor prognosis. °,46,99,141 182 195 198 199 206 207
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A variety of interventions are beneficial for patients suffering from Whiplash-Associated Disorders (WAD), including active
exercise therapies targeting the spine and extremities, vestibular rehabilitation for concussion and balance dysfunction,
manual therapies such as mobilization and manipulation, anti-inflammatory medications, facet and epidural injections, and
orthobiologic interventions including platelet-rich plasma (PRP), prolotherapy, stem cells derived from bone marrow or adipose
tissue, and exosome therapies. Each of these treatments plays a role in the early and intentional management of WAD. A
single practitioner may be familiar with these methods; however, optimal recovery outcomes are best achieved through a
multidisciplinary healthcare team. Such a team should not only have expertise in each treatment modality but also be capable
of recognizing the broad spectrum of WAD symptoms and identifying high-risk patients.

Research has demonstrated that early aggressive treatment involving only primary care physicians and chiropractic care may
negatively impact patient recovery, whereas specialized care is associated with improved outcomes. 177,196 Although some
early intervention strategies have been successful 196,208-210, studies have not clearly identified the optimal timing or
approach for initiating care. Importantly, triage of acute WAD patients by pain management physicians, especially those
exhibiting high pain levels, neuropathic symptoms, or cold hyperalgesia, has not been evaluated in large-scale trials and may
represent a critical opportunity for preventing chronic symptoms. 211 According to Jull et al., “early implementation of
effective pain management for those with early moderate to high pain levels is critical in attempts to lessen the transition to
chronicity”. 18 A follow-up study by the same author emphasized that future research should focus on early and effective pain
management, particularly in patients with poor prognostic indicators such as high pain levels.210

Facet joint injections have been shown to be effective not only in reducing pain but also as prognostic tools in patients
suffering from whiplash-related pain. 212 Early reduction of pain through such interventions may enhance recovery
expectations, reduce the likelihood of chronic symptoms, and improve long-term outcomes. 213-218 Furthermore, despite
the known influence of concussion or mild traumatic brain injury (mTBI) on pain and disability, these conditions have often
been excluded from research evaluating musculoskeletal outcomes in WAD. 209,210,219-221 Given that chronic concussion
symptoms can negatively affect prognosis in musculoskeletal injuries. 190,222-225 comprehensive screening for concussion
or mTBI should be integrated into WAD assessments.

When a collaborative team is capable of accurately diagnosing symptoms and pain generators, stratifying patients by risk,
educating them on their condition, and applying appropriate interventions tailored to their symptoms and functional deficits,
the likelihood of successful recovery significantly increases (226-232). Therefore, it is strongly recommended that patients,
and their legal representatives, seek multidisciplinary care as early as possible. Timely referral for evaluation and treatment
can assist in determining prognosis, initiating targeted interventions, and ultimately improving outcomes for those with WAD.

Whiplash-Associated Disorders (WAD) represent a significantly more complex clinical entity than a simple neck sprain. The
condition involves a multifactorial interplay of biomechanical, neurological, psychological, and inflammatory components that
often span across multiple bodily systems. As such, optimal patient outcomes require a multidisciplinary approach involving
specialists from various healthcare domains. Achieving meaningful recovery and restoration of function depends on a
comprehensive understanding of the underlying pathoanatomy, the specific mechanisms of injury, individualized prognostic
indicators, and the timely implementation of appropriate, evidence-based interventions. This depth of insight is critical not
only for alleviating pain but also for facilitating the patient's return to pre-injury levels of activity and quality of life.
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