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a b s t r a c t 

Background: Lateral elbow pain is a prevalent musculoskeletal overuse disorder that has serious conse- 

quences for musculoskeletal health, occupational performance, and overall healthcare burden. Available 

treatment options (traditional therapy and steroid injections) have been studied rigorously, yet support- 

ing evidence is weak. The majority of treatment options available are targeted at the local pathology of 

the common extensor tendon as the apparent source of pain, and do not adequately address the cause, 

the source of overuse, and mechanism of injury. 

Purpose: The purpose of this paper is to describe a novel approach, a regional interdependence model, 

to reduce symptoms of upper extremity musculoskeletal overuse in populations at risk by addressing by 

addressing a broader systematic approach versus a localized symptom driven approach for the assessment 

and treatment of lateral elbow pain. 

Methods: The proposed framework - Think in nerve length and layers (TINLL)- accounts for nerve tension 

and muscle balance in the entire extremity. In this paper we describe the application of the TINLL model 

for assessment and treatment of SRSN irritation in individuals with lateral elbow pain and propose a 

method for treatment and for further studies. The proposed treatment approach combines mobilization 

with movement, elastic taping, and isometric exercises to address impairment at each level: joint align- 

ment, neural tension, and the superficial sensory nervous system. 

Results: Our findings of reduced pain with a relatively small number of therapy sessions in a small ret- 

rospective cohort of patients using the TINLL framework for assessment and treatment supports further 

formal study of this approach in a larger cohort with longer follow-up to determine effectiveness com- 

pared to current treatments. 

Conclusion: Future studies will test and compare the efficacy of the TINLL framework and model of treat- 

ment on the short- and long-term outcomes in individuals with chronic lateral elbow pain compared to 

traditional therapy. 

© 2021 Published by Elsevier Inc. 

 

 

 

 

 

 

Introduction 

Lateral elbow pain frequently diagnosed as lateral epicondylitis

is a prevalent musculoskeletal overuse disorder that affects 3%
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of the US population and has serious consequences for muscu-

loskeletal health, occupational performance, and overall healthcare

burden (average per patient cost = $4263, 7.2 million in annual

costs). 1 Available treatment options have been studied rigorously

(steroid injections, PRP, and therapeutic regiments such as stretch-

ing, eccentric exercise, elastic taping), yet supporting evidence is

low to moderate for short-term and mid-term effectiveness (total

improvement in 42%, 46 % transient improvement, 12 % progress

to chronicity), 2 and limited, conflicting and no evidence for many

others. 3 - 5 The majority of treatment options available are targeted

at the local pathology of the common extensor tendon as the
al nerve: A conceptual framework for treatment of lateral elbow 
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Fig. 1. A conceptual framework to assess lateral elbow pain by thinking in length and layers. The first level is to identify the level (green) of impairment followed by further 

assessment at that level (blue) followed by targeted treatment (orange). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

apparent source of pain, and do not adequately address the cause,

the source of overuse, and mechanism of injury. Broader treatment

approaches that address regional interdependence and account

for joint alignment, muscle imbalance and neural tension length

have been used effectively for other conditions such as rotator cuff

and patellar tendinitis and have demonstrated superior efficacy

compared to localized treatment approaches. 6 , 7 

We propose a broader framework for the assessment and

treatment of lateral elbow pain, based on a regional interdepen-

dence approach that accounts for the mechanism of overuse and

multi-level contributors of pain: poor posture, limited radial nerve

excursion, dynamic stability of the radio-capitellar joint, muscle

imbalance at the shoulder, elbow, and forearm, and poor body me-

chanics at work and during activity. Factors that limit radial nerve

excursion to accommodate normal activity have been shown to re-

sult in repetitive traction of the nerve and could contribute to the

mechanical neuropathy, pain at the lateral elbow, dorsal forearm,

and radial wrist. 8 The treatment framework draws on principles

of mobilization with movement 9 , 10 and elastic taping across all

contributing joints in the upper extremity to decrease tension

along the entire length of the nerve, reduce tightness across mul-

tiple tissue levels, and restore muscle balance through isometric

strengthening and stretching. These methods have demonstrated

efficacy in other clinical conditions and have been applied by the

authors in clinical practice for the treatment of lateral elbow pain.

The purpose of this paper is to describe a novel approach, a

regional interdependence model, to reduce symptoms of upper

extremity musculoskeletal overuse in populations at risk. The

framework - Think in nerve length and layers (TINLL)- is based

on the idea that application of a broad approach that accounts

for nerve tension and muscle balance in the entire extremity will

be more successful than a localized symptom driven approach.

In this paper we describe the application of the TINLL model for

assessment and treatment of SRSN irritation in individuals with

lateral elbow pain and propose a method for further studies. 

Description of the framework 

The conceptual model of TINLL is based on the inter-

dependence of multiple factors (posture and position, muscle

imbalance, joint alignment, nerve length, and the superficial

sensory system) that influence the tissue response to overuse

injury. The influence of multiple factors and tissue levels requires

a thorough postural, positional and manual assessment of all phys-

iologic layers to determine the source and cause of lateral elbow

pain ( Fig. 1 ). Lateral elbow pain may result from lesions in the

tendinous insertion of the common extensor muscles at the lateral

epicondyle, radial nerve compression, humeroradial joint pathol-

ogy, or a combination of multiple causes. 11 Therefore, to effectively
Please cite this article as: A. Taylor and A.L. Wolff, The forgotten radi
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treat lateral elbow pain, it is important to understand the underly-

ing joint biomechanics, musculoskeletal system, the effect on the

surrounding tissues at all levels, and how impairment at 1 tissue

level influences other layers. Jean-Claude Guimberteau, a French

hand surgeon, refers to this concept as “strolling under the skin.”12

A combination of manual techniques such as mobilization with

movement, elastic taping, stretching and isometric strengthening

addresses the interplay between and across multiple tissue levels.

This approach combined with education in proper ergonomics,

posture and biomechanics has been found to be effective in our

clinical practice in reducing lateral elbow pain and is currently

being studied more rigorously in a larger cohort. 

Posture and position 

Lateral elbow pain that is centralized to the lateral epicondyle

or more diffuse and tender along the proximal dorsal forearm is

associated with positions and occupations that involve prolonged,

repeated, and/or combined movements of wrist extension, elbow

flexion, forearm pronation, and grip. 13 , 14 

Muscle imbalance 

To understand the effect of muscle imbalance on the muscu-

loskeletal system it is helpful to conceptualize the musculoskeletal

system as an arrangement of “levers and pulleys.”11 , 15 The muscles

and nerves have an optimal length as levers, but as they course

around a boney prominence they function more as a “pulley.”

If the length of the muscle or nerve is compromised, there will

be tension on the pulley and a potential for damage to those

structures. This length can be influenced by posture, injury and

immobilization. The levers concept also provides insight into the

length of the muscles from the perspective of the insertion and

origin, the distance between them, and the force generated. By

considering where the fulcrum is for each muscle and noting if

that muscle crosses 1 or 2 joints, we can establish which muscles

are under functioning and what muscles are over functioning. 15

When assessing lateral elbow pain, it becomes important to de-

termine if the pronators and biceps brachii over functioning and

if the triceps and supinator under functioning. If this is the case,

it becomes important to address and correct the imbalance in

treatment. Muscles shorten as a result of postural adaptation over

time. Considering that many occupations require computer and/or

desktop work, the natural sitting posture for many individuals is

in a flexed elbow and pronated forearm position contributing to

pronator and/or elbow flexor overuse. 
al nerve: A conceptual framework for treatment of lateral elbow 
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Joint alignment 

Joint alignment or malalignment can significantly influence,

range of motion (ROM) strength and pain. By focusing on the

kinematics of each motion, we should consider the possibility of

a joint positional “fault” described by Mulligan that may influence

the pain with lateral epicondylitis. 6 , 16 For example, during normal

pain-free pronation, the radial head spins anteriorly and the more

distal concave ulnar notch of the radius also rolls and slides

anteriorly on the ulnar head. During supination, the radial head

spins posteriorly and the more distal concave ulnar notch of the

radius rolls and slides posteriorly on the ulnar head. In individuals

with lateral elbow pain, the combined movement of pronation

with gripping is a common position that elicits pain. Pain gener-

ally occurs in pronation vs supination, which may be attributed

to the position of the radial head. 17 With pronator overuse the

radial head may not glide properly during the activity, then can

it effectively pivot into the tendinous attachments of the extensor

carpi radialis brevis and longus. This kinematic malalignment

could explain the tension and trauma (microtears) to the tissue at

the origin of these muscles, if it occurs repetitively over months

or years. By assessing the joint “fault” and the muscle imbalance

that contributes to the fault, we can effectively target muscles like

supinator whose primary goal is to stabilize the radial head and

contribute to normal radial head spin and radial gliding as the

antagonist to an overactive pronator. 

Joint positional glides as described by Mulligan included lateral,

medial and rotational glides. The goal is to assess the pain and

correct the position manually and then reassess the position.

These joint glides are considered successful if pain is eliminated

during the action or activity. If no pain is reported then that would

indicate the corrected alignment of joint, and then it should be

set in that position with isometrics. 6 , 16 , 18 

Nerve length- “Thinking in Length”

The radial nerve has a finite amount of excursion that al-

lows for joint motion across multiple joints during performance

of daily activities. Any factor that limits that excursion along

the entire length of the nerve such as prolonged sustained or

repetitive traction may result in neural tension that manifests as

pain. 8 Additionally, the radial nerve is distinctly different from

the other nerves in the upper extremity, because of the location

where the sensory nerve (SRSN) and posterior interosseous nerve

(motor branch) bifurcate in forearm. The proximity of the SRSN

to the radial head and the fact that pain in most common in

forearm pronation requires examination along the length of the

radial nerve both distally for adequate glide at the first dorsal

compartment of the thumb and proximally at the shoulder. 

Superficial sensory system (skin and fascia) – “Thinking in Layers”

The skin is composed of 3 layers: dermis, epidermis, and

hypodermis. All cutaneous sensory nerve endings terminate in the

skin (dermis, hypodermis). The outermost layer of the skin is the

epidermis. Scars, incisions, and tightness at this level will influence

the layers underneath where the sensory and pain receptors are

providing important feedback to the brain. Manipulation of the

skin via manual techniques and taping can influence mobility and

pain response up the chain of tissue levels to fascia, muscle, and

joint 12 . 

The fascia is a highly complex matrix that is composed of

a superficial and deep layer. The superficial fascia connects the

hypodermis (skin) to the deep fascia. The deep fascia surrounds

the muscles and nerves and allows for gliding. It is both highly
Please cite this article as: A. Taylor and A.L. Wolff, The forgotten radi
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innervated and responsive. Skin and muscle do not always move

in the same direction. This is because the movement occurs be-

tween the superficial fascia and the hypodermis. 12 Skin movement

is based on a sliding mechanism between superficial fascia and

subcutaneous tissue and has been found to be responsive to elastic

taping. Specifically, taping and stretching the skin in the direction

of the insertion to origin of muscle was found to increase muscle

strength and grip strength. 19 - 21 

Proposed treatment approach 

The proposed treatment approach combines mobilization with

movement, elastic taping, and isometric exercises to address joint

alignment, neural tension, and the superficial sensory nervous

system. To customize treatment guidelines to each individual

presentation it is helpful to categorize symptoms into mild,

moderate, and severe rankings. We use the following criteria for

categorization. 

MILD: Lateral elbow pain is acute, localized, tender to touch,

and painful with gripping or resisted wrist motion. Pain is present

only during activity. The average pain reported for the mild

category is 2-4/10 on the numeric pain scale (NPS). 

MODERATE: In addition to the mild symptoms, pain is present

and limits daily tasks. Individuals typically report avoiding tasks

that involve gripping, sports, lifting and carrying. Symptoms may

indicate neural involvement such as reported aching, “burning”

and referred pain behind the elbow and down into the hand. Pain

is typically reported at level 5-6/10 (NPS) in this group. 

SEVERE: Reported pain in this group is over 6/10 (NPS). In

addition to the symptoms reported above, individuals are typically

unable to perform any daily tasks without pain including dressing,

showering, driving. People in this group, typically posture in a

protective position with the shoulder and head anterior to the

joint line. Pain is constant and non-resolving even after attempts

at prior treatment. Prior treatment interventions may include

cortico-steroid injection, resting wrist orthoses, an elbow strap,

and avoidance of limb use. Patients often report over the counter

analgesic or prescription pain medication use for pain relief. 

Recommended approach 

MILD The radial head is mobilized in supine with the forearm

supinated from midrange to full supination. This is followed by a

sustained radial head stabilization-glide with active and passive

ROM and stretching to the forearm muscles. Isometric strengthen-

ing is initiated with the supinator while maintaining a sustained

glide at the radial head for 3 sets of 10 repetitions. The elbow

is positioned in 70 °-90 ° of flexion. This will “SET” the joint 34.

If the pain is completely eliminated, the mechanical correction

is maintained with elastic tape (75% stretch) to the radial head

( Figs. 2 A- 2 C).Since pain is often experienced with full extension,

the above technique can be performed but setting the joint in var-

ious degrees of extension until full ROM is achieved without pain. 

MODERATE In addition to the treatment described for a mild

case, forearm mobilization is considered if the forearm is limited

into supination. Both medial and lateral glides are beneficial in

situations where the forearm rotation is limited. Additionally, if

the pain is not resolved with radial head mobilization and taping,

the biceps influence is assessed by inhibiting the muscle at the

distal humerus. This is done by applying a perpendicular pressure

over the muscle and requesting the repeated activity that elicited

pain. If the patient reports diminished or eliminated pain, biceps

stretching, and lengthening activities are added along with a

cross fiber inhibition taping at 50% stretch over the distal bicep

( Figs 3 A and 3 B, pink and blue). Triceps strengthening is effective
al nerve: A conceptual framework for treatment of lateral elbow 
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Fig 2. (A-C) Radial Head Stabilization to prevent translation of the radial head anteriorly when moving into pronation. 

Tape is anchored with 0 % tension (A), 75% tension is applied to the target area (B) and terminal end applied with 0% tension (C). 

Fig. 3. (A-C) The biceps tendon insertion is supported with tape (pink and blue) to inhibit biceps flexion. Additional (black) tape is applied along the biceps muscle from 

insertion to origin with 25% stretch. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to balance the agonist and antagonist muscles. If the bicep is

painful along the muscle course general pain-relieving modalities

can be utilized and a rotator cuff strengthening program can be

initiated. Additional tape at 25% stretch to inhibit the biceps can

also be added along the muscle from insertion to origin ( Figs. 3 A

and 3 B, black tape). For extra inhibition an additional piece of tape

can be added to facilitate the triceps at 25% stretch from insertion

to origin. Taping from origin to insertion provides external support

to strengthen the muscle, while taping from insertion to origin

provides external stretch to assist with lengthening the muscle.

Glenohumeral mobilizations can also be included with shoulder

stretching. Pectoralis tightness is often present and is related to

biceps shortening. Pectoralis stretches in supine on a foam roller

or standing in a corner can be performed to lengthen the muscle.

Scapular stabilizing exercises to balance the shoulder musculature

should be added on the first or second visit if significant postural

muscle imbalance is evident. 

SEVERE For the more complex and severe cases the pain is

so limiting indicating that the nerve may be irritated. Pain and

fascial adhesions are possible contributing factors to lateral elbow

pain and the entire length of the radial nerve should be evaluated

with radial nerve glides. The shoulder position and posture may

contribute to nerve and muscle length shortening, which in turn
Please cite this article as: A. Taylor and A.L. Wolff, The forgotten radi
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applies forces across the radial head. The location of the nerve

around the epicondyle may be a contributing factor to the symp-

toms. In surgical resections the radial nerve has been found to be

constricted from adhesions of the radio humeral joint capsule and

shortened extensor muscle of the wrist. 11 Mechanical correction at

the shoulder for the posterior muscle group is also recommended

along with radial nerve taping to remove tension from the radial

nerve across the entire length of the nerve. Elastic taping for the

radial nerve can be effective in both evaluating the impact of the

neural tension and reducing pain. A single piece of tape applied

along the course of the radial nerve from the dorsal thenar muscle

of the hand to C7 can be applied on a stretch and in a radial nerve

“glide” position ( Figs. 4 A- 4 D) 

Care is taken to place all tissue on a stretch similar to a radial

nerve “glide.” Taping can also be applied posterior to the shoulder.

Application (case report) 

Assessment 

A 48-year-old female presented to our hand therapy clinic with

right lateral elbow pain. She reported a pain level of 8/10 on NPS

at the lateral and posterior elbow. She also reported a burning
al nerve: A conceptual framework for treatment of lateral elbow 
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Fig. 4. (A-D) Radial Nerve Taping is applied along the length of the nerve with 10% tension. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sensation behind the epicondyle. In addition, she complained of

left shoulder impingement symptoms rated at 6/10 pain. Prior to

symptom onset she reported working on “building a tiny house”

over several consecutive weekends. Her symptoms began shortly

after she began working on this project. She demonstrated mild

recovery over the course of the week with symptoms recurring

during the weekends while working on her home building project,

particularly during floor tiling and lifting. Upon initial assessment,

her grip strength was 20 pounds with the forearm positioned in

neutral and supination, and reported pain was 2/10 (NPS). Grip

strength in pronation was 18 pounds, and reported pain increased

to 5/10 (NPS). Tripod pinch was 4 pounds and reported pain 6/10

(NPS). 

Treatment 

A radial head posterior manual glide was performed in sitting

followed by a repeated grip test. Strength increased to 40 ( + 20)

in supination and 30 ( + 12) 12 lbs. in pronation. Pain diminished

to 2/10 (NPS) in pronation. Since the pain was improved but not

eliminated, biceps involvement was considered. The bicep was in-

hibited manually, and grip strength testing repeated. No pain was

evident, and strength increased to 50 ( + 10) pounds in pronation. 

Following this assessment, a technique similar to the mobiliza-

tion with movement (MWM) developed by Mulligan was utilized

to mechanically correct the radial head “fault.”16 , 22 The patient

was found to have limited forearm supination and was placed in

supine to mobilize the forearm and elbow joint in all directions

prior to these applications. This supine position is preferred to

eliminate shoulder compensation, to relax the biceps, and to

provide a true gauge of elbow joint motion. External rotation of

the shoulder was also evaluated in this position and found to be

limited. Palpation over the bicep at the anterior shoulder indicated

moderate tenderness. In supination the treatment included poste-

rior glide of the radial head followed by 3 sets of 10 repetitions

of isometrics supination. Care was taken at this location especially

because the patient had reported radial nerve irritation during the

evaluation described as “burning behind the elbow.” Consistently

mobilizing this joint when the radial nerve is irritated between the

radial head and the extensor carpi radialis brevis and longus will

increase symptoms. Therefore, the glide was applied and sustained
Please cite this article as: A. Taylor and A.L. Wolff, The forgotten radi

pain, Journal of Hand Therapy, https://doi.org/10.1016/j.jht.2021.05.009 
without discomfort. Shoulder MWM was also performed to address

the limitation of external rotation. The bicep muscle tendon was

tender at both the anterior shoulder and distal insertion on the

radial head and was found to be tight and shortened compared to

the contralateral side. Based on the assessment, it was determined

that the bicep was “over functioning.” The triceps was activated

with isometric strengthening to apply the concept of reciprocal

inhibition. Triceps activation was performed while maintaining a

sustained glide at the radial head for 3 sets of repetitions. 

After treatment the patient returned to sitting and retested for

grip strength. She was pain free in all grip positions. Grip strength

in supination increased to 40 pounds and pronation increased to

38 pounds. Tripod pinch was also pain free and 14 pounds. The

patient was taped with elastic tape and a mechanical correction

at the radial head ( Figs 1 - 2 ) and a bicep inhibition ( Figs. 3A–3B )

and instructed to only perform supination and triceps exercises.

She returned 3 days later reporting a pain level of 1/10 (NPS) pain

only in the pronated position. She stated she had no pain until

she returned to working on the “tiny house project” She reported

no pain when the radial head was taped into the posterior “glide”

direction. After 4 visits to hand therapy which included reinforce-

ment of corrected position with strengthening, and rotator cuff

strengthening, she was discharged pain free. 

We found similar retrospective findings in an additional 22

patients who presented to our clinic over a 2-year period with an

average pain reduction of 5/10 and an average of 3-5 visits with

full resolution of symptoms. 

Discussion/conclusion 

We present a treatment approach that uses the “think in layers

and length approach” to identify the source of joint, muscle, nerve,

superficial tissue limitation. Once the sources have been identified

we propose using MWM approaches to correct the joint align-

ment, restoration of muscle balance with stretches to lengthen

tight muscle, strengthening to strengthen weak muscle isometric

stabilization exercises, and elastic taping to reinforce proper move-

ment at the joint and reduce tension along the nerve length as

proper movement and mobility is restored. Our findings of reduced

pain with relatively few therapy sessions in a small retrospective

cohort of patients using the TINLL framework for assessment and
al nerve: A conceptual framework for treatment of lateral elbow 
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treatment supports further formal study of this approach in a

larger cohort with a longer follow-up to determine efficacy and

effectiveness com pared to current standard treatments. 

Future studies will test and compare the efficacy of the TINLL

framework and model of treatment on the short- and long-term

outcomes in individuals with chronic lateral elbow pain compared

to traditional therapy. 
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