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Abstract
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gliding, on pain, impaired range of motion, strength, and function of
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a high school American football player suffering from a stinger injury.
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Case description: The patient was a 17-year-old male who sus-
tained a stinger while making a tackle. Initial symptoms included neck
Received: Feb 02, 2025 pain, shooting pain in his right upper extremity, and paresthesia over
Accepted: Mar 03, 2025 the lateral aspect of his right hand. The athlete complained of minimal
Published: Mar 10, 2025 neck soreness and shooting pain in .rlght uppe_r ext|_'em|ty, wh|ch.he
rated as a 9 out of 10 at worst. Objective findings included cervical

Archived: www.jcimcr.org right side flexion Active Range of Motion (AROM) limited by 50%, and
Copyright: © Waldhelm A (2025). right shoulder/scapular muscle strength 4 out of 5. Other findings in-
DOI: wwwd0|org/lO52768/2766-7820/3501 cluded a positive Spurling's test and upper limb neurodynamic test bi-

asing the Median Nerve on the right where elbow extension provoked
symptoms at 70 degrees of elbow flexion compared to 10 degrees on
the left. Upper Extremity Functional Scale (UEFS) score was 71 out of
80. Physical therapy interventions included manual cervical distraction
and joint mobilization, neural gliding interventions, strengthening of
the shoulder complex and return to sport activities.

Outcomes: Upon discharge, the patient complained of intermittent
neck pain of 2 out of 10 at worst, with no radicular symptoms. His UEFS
score was 76 out of 80, AROM and strength were full, and all special
tests were negative. The patient made a full return after two weeks and
did not suffer another stinger during the remaining football season.

Discussion: There is limited research into using neural mobilization
as an intervention to treat stingers. This case study describes the suc-
cessful treatment and return to sport of a high school football player
with recurrent stingers using neural gliding, but more research is war-
ranted.
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Introduction

Transient brachial plexopathy, commonly referred to as a
stinger or burner, is a frequent injury in collision sports such as
rugby and American football [1-3]. A stinger typically involves
injury to the cervical nerve roots or the brachial plexus, result-
ing in temporary sensory and/or motor deficits in one upper
extremity, lasting from seconds to hours [4]. Although many
stinger injuries go unreported, it is estimated that around half
of all high school, college, and professional athletes will experi-
ence at least one stinger during their football careers [5,6], with
a recurrence rate potentially as high as 87% [7].

The injury mechanism often involves a direct impact to the
shoulder, causing contralateral cervical side-bending and con-
current ipsilateral shoulder girdle depression, which leads to a
traction injury to the neurovascular bundle. Alternative mecha-
nisms include compression of the nerve roots due to cervical
spine hyperextension and ipsilateral side-bending or a direct
blow to the brachial plexus at Erb’s point [2,4,8]. Notably, a sig-
nificant proportion of stinger injuries in American football occur
during tackles initiated by defensive linemen or linebackers [3].

Symptoms generally start with a shooting pain or burning
sensation radiating from the neck down one upper extremity,
followed by potentially prolonged impairment of sensory and
motor function [9,10]. A study of stingers in young rugby play-
ers found that while nearly 80% of players experienced minimal
time loss (0-1 day), neurological deficits could sometimes per-
sist beyond one month [11].

Stinger injuries are diagnosed through a combination of his-
tory, physical examination, and diagnostic testing. The history
should detail the mechanism of injury and all associated symp-
toms [12]. The physical examination should include an assess-
ment of posture, the cervical spine, an upper quarter neurologi-
cal examination, and palpation of key structures [2,12-14].

If symptoms persist beyond 24 hours or worsen, diagnostic
imaging may be necessary. This may involve plain radiographs,
Magnetic Resonance Imaging (MRI), Computed Tomography
(CT), and/or a myelogram of the cervical spine and brachial
plexus to identify the involved structures [2,10,14]. In cases
where weakness persists, Electromyography (EMG) and nerve
conduction studies, typically performed two to four weeks after
the injury, can help differentiate between cervical radiculopathy
and brachial plexus injury [15].

Managing a stinger injury can be challenging due to its vari-
able healing times, and treatment should be tailored to the indi-
vidual patient. A typical rehabilitation program for stinger injury
recovery consists of three stages [2,12].

Stage 1) Rest, protection, and pain regulation: This stage
focuses on managing pain and protecting the injured area.
Physical modalities and medication may be used for pain relief
[12,13].

Stage 2) Range of Motion (ROM), strengthening, flexibil-
ity, and postural correction: Therapeutic exercises and manual
therapy are central during this stage. The focus is on regaining
ROM, flexibility, strength, and scapular stability [2,12,16]. Pos-
tural re-education addresses issues such as forward head pos-
ture and rounded shoulders, which can increase pressure on

the cervical nerve roots and brachial plexus [2,8,12,14].

Stage 3) Return to play progression: This stage begins only
when the athlete has demonstrated full, pain-free active and
passive ROM of the cervical spine and upper extremity, with no
strength deficits and a normal neurological examination [2,10].
The return to play involves a gradual reintegration, starting with
non-contact drills, progressing to controlled-contact activities,
and eventually advancing to full-contact training [2].

Preventing initial and recurrent stinger injuries is crucial in
contact sports such as football and rugby. Prevention strategies
can be broadly categorized into three key areas: 1) tackling tech-
nique education, 2) preventative exercises, and 3) equipment fit
and modification, though the evidence for the effectiveness of
preventative exercises is limited [2,5,12,13].

An effective head and neck injury prevention program should
focus on instructing or re-educating players on proper tackling
techniques. Emphasis should be placed on avoiding leading
with the head or helmet (spearing) and not dropping the shoul-
der during a tackle [2].

Although the evidence supporting preventative exercises is
limited, these exercises are similar to those used in the rehabili-
tation of a stinger injury. They should aim to improve postural
deviations, ROM restrictions, neck and shoulder weakness, and
motor control/coordination. The goal is to help athletes better
control the deceleration of their head, neck, and shoulders dur-

ing play [2,5].

Properly fitting helmets and shoulder pads are essential for
injury prevention. Additional equipment such as cervical collars,
neck rolls, and shoulder pad lifters can help reduce movement
or compression of the cervical spine and brachial plexus [2,8].

Symptoms of stinger injuries suggest neurological dysfunc-
tion, including shooting pain, burning sensations, sensory im-
pairments, and muscle weakness. Although literature on this
specific topic is limited, similar neurogenic symptoms have been
successfully treated with neural mobilization in cases of upper
quarter injuries such as cervical radiculopathy, cervicobrachial
neurogenic pain, lateral epicondylitis, and adhesive capsulitis
[17-20]. A systematic review and meta-analysis on the effec-
tiveness of neural tissue management for nerve-related chronic
musculoskeletal neck and arm pain concluded that neural tis-
sue management is superior to minimal interventions (such as
general exercise, mechanical traction, ultrasound, and joint mo-
bilization) for pain relief and reducing disability [21]. The goal
of neural mobilization is to improve the interaction between
neural components and surrounding tissues by enhancing the
nerve’s environment [22].

To date, no evidence specifically investigates the use of neu-
ral mobilization for treating stinger injuries. Therefore, the pur-
pose of this case study is to describe the rehabilitation process,
including the application of neural gliding techniques, and its
impact on pain, range of motion, strength, and function in a
high school American football player suffering from a stinger
injury.

Case description

The patient was a 17-year-old male high school senior who
sustained an injury to his neck and right upper extremity during
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a tackle while playing defensive end in his American football
team’s first game of the season. He was assessed immediately
by the athletic trainer, physical therapist, and team physician.
Following these evaluations, the athlete did not return to play
in that game. The next day, he followed up with the team physi-
cian and was subsequently referred to physical therapy.

Three days after the injury, the same physical therapist con-
ducted a thorough evaluation. The patient had a prior history
of a stinger injury to the same side during the final game of
the previous football season. He had managed to return to play
that night and reported no symptoms during the off-season, re-
ceiving no treatment for the previous injury. The patient had no
other significant medical history and was cleared for red flags,
including headache, nausea, loss of memory, dizziness, and dif-
ficulty swallowing.

Examination

The patient reported an immediate onset of neck pain and
shooting pain radiating into his right upper extremity, accom-
panied by paresthesia over the lateral aspect of his right hand
following the injury. During the physical therapy evaluation, he
described minimal soreness in his neck, rated as 2 out of 10
on the Numerical Pain Rating Scale (NPRS). However, he con-
tinued to experience significant shooting pain in his right upper
extremity, with a peak intensity of 9 out of 10 on the NPRS.

(Table 1) lists a full objective examination with key objective
findings:

° Cervical spine side-bending to the right (AROM) lim-
ited by 50%

° Gross muscle strength of the right shoulder/scapular
musculature measured at 4 out of 5

° Positive Spurling’s test on the right with an increase in
radicular pain in right upper extremity

° Positive cervical distraction tests with a reduction in
radicular symptoms

° Positive median nerve upper limb neurodynamic test
(ULNT) with reproduction of symptoms at 70 degrees of elbow
extension on the right, compared to 10 deg on the left

° Upper Extremity Functional Index (UEFI) score of 71
out of 80 where a score of 80 out to 80 is equal to highest func-
tional status.

Clinical impression

The patient presented with findings consistent with a recur-
rent stinger injury on the right, resulting from a traction injury
to the brachial plexus sustained during a tackle. He exhibited
cervical spine Range of Motion (ROM) impairments, weakness
in the right shoulder and scapular musculature, and positive
neurodynamic findings on the right.

After ruling out red flag conditions, a differential diagnosis
between cervical radiculopathy and stinger injury was further
assessed using a cluster of tests: upper limb neurodynamics,
Spurling’s test, cervical distraction, and cervical rotation Active
Range of Motion (AROM). With cervical rotation AROM greater
than 60 degrees bilaterally, the positive likelihood ratio (+LR) for
cervical radiculopathy decreased from 30.3 to 6.1 [23-25]. The
mechanism of injury, the patient’s age, the absence of a der-
matomal pain pattern, and more pronounced motor symptoms

\
( Table 1: Examination findings at initial evaluation and discharge. |
N _
Initial Discharge
evaluation (12 visits)
Flexion 40 deg 55 deg
Extension 35 deg 50 deg
Activ':oc'(\e/lrvical Right Rotation 70 deg 80 deg
(goniometer) Left Rotation 80 deg 85 deg
Right SB 20 deg 35 deg
Left SB 40 deg 40 deg
Active shoulder | Right 160 deg 175
elevation ROM
(goniometer) Left 175 deg 175
Shoulder flexion 4- 5
Shoulder abduction 4 5
Shoulder ER 4- 5-
Shoulder IR 4+ 5
Right upper Middle Trapezius 4 5
extremity
strength Lower Trapezius 4- 4+
(out of 5) C2-6 myotome Strong Strong
C7,8 myotome We.ak and Strong
pain free
Bicep and triceps o 2
DTR
Upper C/S right UPA Hypomoblle/ Normal/pain
Joint accessory painful free
mobility i
Lower C/S right UPA Normal/ Normal/pain
painful free
Sensation C8 dermatome Ir.npalred to Normal
light touch
Reproduce
Spurling symptoms on Negative
right
Decrease N/T due to lack
. Cervical Distraction in radicular of radicular
Special tests symptoms symptoms
Reproduce Symptoms not
symptoms reproduced and
Right ULNT Median ymp able to achieve
at 70 deg of
R 10 deg of elbow
elbow flexion R
flexion
Right ULNT Ulnar Negative N/T
C/S flexion/rotation | Right: 20 deg Right: 40 deg
test Left: 40 deg Left: N/T
Brachial plexus Repr.oduce. .
. shooting pain Negative
compression tests L
in right arm

Note: Negative test: Did not reproduce symptoms; ROM:
Range of Motion; SB: Side Bending; deg: degrees; C/S: Cervical
Spine; DTR: Deep Tendon Reflex; UPA: Unilateral Posterior to
Anterior glides; ULNT: Upper Limb Neurodynamic Test; N/T: Not
Tested.

compared to sensory deficits supported the conclusion that the
patient was more likely experiencing a stinger injury rather than
cervical radiculopathy [24,26].

Further classification of the severity of the nerve injury was
made using the Seddon-based classification for peripheral
nerve injuries. Grade | stingers, the present case, classified as
neuropraxia, involve minimal structural damage and are expect-
ed to recover fully within a short period. These typically present
with pain, muscular weakness, and numbness, but lack muscu-

www.jcimcr.org

Page 3



lar atrophy [27,28]. Grade Il stingers, or axonotmesis, also result
in full recovery but require a longer healing time due to dam-
age to the axon and myelin while preserving the internal nerve
structures. Patients with Grade Il stingers may present with
pain, muscle wasting, and both motor and sensory loss [27,28].
Grade lll injuries, classified as neurotmesis, represent the most
severe form and are rare in this type of injury. Neurotmesis is
characterized by muscle atrophy and complete motor and sen-
sory loss due to extensive nerve damage [27,28].

Outcome measure

The Upper Extremity Functional Index was used to assess
the patient’s primary complaints, which were localized to his
right upper extremity rather than the cervical or upper thoracic
spine. The patient’s initial score was 71 out of 80, with lifting,
carrying, and throwing a ball being the main functional activity
deficits.

Interventions

The patient was seen in physical therapy for 2 to 3 visits a
week for five weeks, 12 visits in total. A summary and progres-
sion of the interventions are listed in (Table 2). The goals of
Week 1 were to improve cervical spine range of motion, neural
mobility of the median nerve, and activation/muscular endur-
ance of the scapular stabilizing muscles. Manual therapy, in-
cluding sustained cervical traction into resistance, right-sided
Unilateral Posterior to Anterior (UPA) grades IIl and IV mobi-
lization, and pain-free cervical retraction and extension active
range of motion exercises were implemented to improve mobil-
ity of the cervical spine.

Neural mobilization was introduced as pain-free glider (Fig-
ure 1). In a supine position, the physical therapist passively
positioned the patient’s right shoulder in 90 degrees of ab-
duction and maximal external rotation. The patient’s fingers
were extended, and his right wrist was maximally extended
and supinated before the therapist applied passive right elbow
extension within a pain-free ROM. Gliders were performed as
pain-free PROM/AAROM by repeatedly flexing and extending
the patient’s elbow. These techniques increased pain-free ROM
during elbow extension and decreased paresthesia in the right
hand.

Figure 1: Median nerve glider.
\\\ /

To maintain and further capitalize on the gains made during
physical therapy sessions using neural gliders, the patient was
instructed in a home exercise program to replicate the neural
slider. Neural gliding exercises were performed in standing and
involved replicating the upper extremity movements performed
in a pain-free elbow extension ROM. The patient was instructed
to raise his right arm to 90 degrees of shoulder abduction, fol-
lowed by maximal external rotation. After extending his fingers,
maximally extending his wrist, and supinating his forearm, the
patient extends his elbow to the onset of his familiar symptoms
before returning to a position of elbow flexion. The patient per-
formed the neural gliding exercises in two sets of fifteen repeti-
tions, three times a day.

Therapeutic exercises, including standing rows and I, T, Y ex-
ercises, were initially performed with no resistance and then
progressed to light resistance to increase muscle activation and
muscle endurance of the rhomboids, middle and lower trape-
zius muscles. The patient performed each exercise for two sets
of fifteen repetitions. Following the first week of physical ther-
apy, the athlete had significant improvements in cervical ROM
and neural mobility, shown by an increase in elbow extension
when performing the Median Nerve upper limb neurodynamic
test.

The goals of Week 2 were to achieve full cervical range of
motion and increase the strength and stability of the shoulder
complex so the athlete would be cleared to return to all foot-
ball activities during his follow-up visit with his physician, which
occurred at the end of Week 2. Manual therapy interventions
were minimal and included grade IV right UPA and right side
glide mobilization to the lower cervical spine to obtain the last
few degrees of right cervical side bend. Cervical AROM exer-
cises and nerve gliding were reviewed during the first session
of Week 2 and then allocated to the home exercise program.

Upper quarter stabilization and strengthening became the
focus of Week 2 as several new exercises were included in the
rehabilitation program. Dynamic Bodyblade (Hymanson, Inc.
Playa del Rey, CA USA) exercises in the sagittal, frontal, and
transverse planes were included in the dynamic warm-up to ac-
tivate the muscles of the shoulder complex before resistance
training. Progressive resistance training used elastic bands and
dumbbells, and the exercise parameters used included three
to four sets, six to eight reps with one to two minutes of rest
between sets and exercises. Resistance for the row, full can, |,
T, Y exercises increased from Week 1 into Week 2, and new re-
sistance exercises included shoulder internal and external ro-
tation at 0 degrees of abduction, lat pull-downs to strengthen
the latissimus dorsi muscle, and wall push-up plus was used to
strengthen the serratus anterior muscle in a closed-chain posi-
tion. Isometric neck strengthening exercises were also included
to improve neck strength and function. Following Week 2, the
athlete was cleared to return to all football activities after re-
gaining full neck AROM, improved shoulder strength and sta-
bility, and eliminating radicular symptoms in his right shoulder.

Although the athlete was cleared to return to sport, physi-
cal therapy was continued for three more weeks. Weeks 3-5
goals were to continue improving shoulder strength and stabil-
ity and progress to plyometric and sport-specific activities. Dur-
ing Weeks 3-5 of the rehabilitation program, no manual therapy
was performed, but the athlete continued to perform the neu-
ral gliding exercise independently. Plyometrics became one of
the two main components of the last three weeks of rehabilita-
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‘k Table 2: Week-by-week progression of physical therapy interventions.

/)

Week(s) Manual therapy

Therapeutic exercises

Right UPA to upper and lower C/S grades Ill and IV
1 Cervical distraction into resistance
Median Nerve glide (manual and active)w

Rows

AROM Exercises:
Cervical retraction
Cervical extension

Progressive Resistive Exercises:
Full can, Y, T, 1,

2 Right UPA and side sliding to lower C/S grades IV

AROM Exercises:
Cervical retraction
Cervical extension
Median nerve glide

Proprioceptive Exercises:
Shoulder flexion, abduction, ER/IR, with body blade

Progressive Resistive Exercises:
Fullcan, Y, T, 1,

Rows, Lat pull downs

Wall push-up plus

Isometric C/S exercises
Shoulder IR and ER

3-5 No manual therapy

AROM Exercises:
Median nerve glide

Proprioceptive/Plyometric Exercises:

Shoulder flexion, abduction, ER/IR, D1, D2 with body blade
Medicine ball single arm drop

Chest and overhead pass

Plyometric push-up

Upper extremity rocker board exercises

Progressive Resistive Exercises:
Full can, Y, T, I,

Rows, pull downs

Push-up plus on ground
Isotonic C/S exercises
Shoulder 90/90 ER and IR

Return to Sport:

Defensive lineman drills: accelerating from a three-point stance,
pushing sleds, engaging and shedding blocks, rip and swim
moves with blocking dummies

Note: UPA: Unilateral Posterior to Anterior mobilization; C/S: Cervical Spine; 90/90: upper extremity positioned at 90 degrees
of shoulder abduction and 90 degrees of elbow extension; ER: External Rotation; IR: Internal Rotation

tion, with new exercises such as single arm medicine ball drops
at different shoulder angles, chest and overhead pass/catch,
and plyometric push-ups included in the program. A new closed
chain dynamic stability exercise, upper extremity rocker board
in the anterior/posterior and medial/lateral directions, was also
introduced (Figure 2).

The second component introduced was the return to sport
activities. Since the athlete was a defensive lineman, position-
specific activities were performed to ensure he was safe to
return to sport. Activities included acceleration from a three-
point stance, pushing a sled, engaging and getting off of a block
from an offensive lineman, and performing a swim or rip move
against a large blocking dummy (Figure 3). Resistance training
continued with a progression that included shoulder internal
and external rotation at 90 degrees of shoulder abduction and
elbow flexion, and push-up plus from the floor. There was also
an adjustment in exercise parameters in Weeks 3-5 to focus on
strength and power; they included: Three to five sets, four to
six repetitions with two minutes of rest between sets and ex-

ercises. The athlete was able to play a full game at the end of
Week 3 of his rehabilitation with minimal neck soreness and no
radicular symptoms.

Outcomes

Upon discharge from physical therapy, the patient com-
plained of intermittent neck pain of 2 out of 10 at worst, with-
out radicular symptoms in his right upper extremity. Key objec-
tive findings at discharge were as follows (Table 1):

° Cervical spine AROM was full and pain-free in all direc-
tions

° Gross muscle strength of shoulder/scapular muscula-
ture at 5 out of 5

° Spurling’s test was negative

° Median nerve upper limb neurodynamic test was neg-
ative with elbow extension equal between the left and right ex-
tremities and no reproduction of symptoms
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Figure 2: Medial to lateral rockerboard exercise. j

-

Figure 3: Return to sport rip exercise.

J

° Upper Extremity Functional Scale (UEFS) score of 76
out of 80

The patient made a full return to football two weeks after
the injury and did not suffer symptoms or another stinger dur-
ing the rest of the football season.

Discussion

There is currently limited evidence regarding the use of
neurodynamic mobilization techniques in managing stinger
injuries. This case study highlights the incorporation of neural
mobilization techniques to address an athlete’s complaints of
neck and arm pain, along with paresthesia, following successive
stinger injuries.

Neural mobilization is a movement-based therapy frequently
utilized by physical therapists to address nerve-related symp-
toms. Studies in both humans and animals have shown that
neurodynamic mobilization techniques can decrease intraneu-
ral edema, improve intraneural fluid dispersion, reduce thermal
and mechanical hyperalgesia, and reverse the heightened im-
mune response following a nerve injury [22].

In the case of the 17-year-old athlete, the decision to incor-
porate neurodynamic interventions was based on symptoms
indicative of neural pathology, such as numbness, tingling, and

weakness. Within a week of starting therapy, the patient report-
ed a reduction in numbness and tingling, and showed improved
strength, cervical spine AROM, and neurodynamic mobility.

While we can only speculate about the physiological mecha-
nisms behind his positive response, it is possible that the neu-
rodynamic sliders used during treatment helped disperse in-
traneural edema and reduce the immune response associated
with his injury.

The suspected mechanism of injury influences the clinician’s
choice of neurodynamic intervention. Two common techniques
are employed in clinical practice: Tensioners, which aim to
lengthen the nerve, and sliders (also known as gliders or floss-
ing), which create tension on one end of the nerve bed while
releasing it at the other. Studies have shown that sliders facili-
tate greater neural excursion with less strain compared to ten-
sioners [29,30].

When treating a patient with a stinger injury caused by a
traction mechanism, it is preferable to start with sliders. This
approach impacts neural movement without exacerbating
strain or replicating the traction injury mechanism in a sensi-
tized nerve. Continuous reassessment and adaptation of the
neurodynamic intervention are essential based on the patient’s
evolving presentation. If pain decreases and neural excursion
improves, it may then be appropriate to introduce tensioning
techniques.

To the authors’ knowledge, there is limited research on the
impact of neural mobilization on athletic injury recovery. Most
existing studies emphasize its benefits for functional flexibility,
demonstrating a correlation between improved flexibility and
neural mobilizations [31]. For example, research involving a
group of Australian football players with grade one hamstring
injuries showed that those treated with neural gliding in con-
junction with traditional treatment experienced faster recov-
ery and return to play compared to those receiving traditional
treatment alone [32]. Additionally, a case study of an elite base-
ball pitcher with posterior interosseous neuropathy found that
neural mobilizations combined with conservative rehabilitation
allowed the athlete to return to play 38 days post-injury, achiev-
ing baseline velocity with no reported symptoms [33]. While
the literature on neural mobilization in athletic injury recovery
is limited, positive outcomes suggest its potential benefits in fa-
cilitating successful returns to play after injury.

Unfortunately, the muscle testing conducted during this pa-
tient’s examination did not include the use of a dynamometer.
A hand-held dynamometer is user-friendly and would have pro-
vided valuable baseline strength data, as well as an objective
measure of strength changes. Additionally, grip strength test-
ing, a potentially significant indicator of strength changes, was
not performed. Lastly, the athlete was cleared to play by the
physician before a return-to-sport assessment could be con-
ducted. Ideally, both the shot-put test and closed kinetic chain
upper extremity tests should be utilized to evaluate an athlete’s
readiness to return to sport.

This case report details the successful treatment of a patient
with a stinger injury using neurodynamic interventions as part
of a comprehensive treatment plan. While we cannot imply
causation or generalize from a single case, the limited literature
guiding treatment for this population underscores the need for
further research. A case series would strengthen the evidence
base and help clinicians optimize care for these patients.
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Conclusion

This case study suggests that incorporating neural gliding
into a comprehensive rehabilitation program can effectively re-
store range of motion, strength, and overall function in a high
school football player with recurring stinger injuries. After five
weeks of using passive and active median nerve glides as part of
his rehabilitation, the athlete successfully returned to play with
pre-injury strength and mobility. Thus, neural glides may be a
valuable addition to treatment protocols for stinger injuries;
however, further research is warranted to better understand
their efficacy.
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