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Study Design: Retrospective case series. 

Introduction: Literature trends indicate that thumb dynamic stabilization may benefit clients with thumb 

carpometacarpal (CMC) joint pain and arthritis. There is minimal research investigating whether client 

characteristics predict responsiveness to hand therapy for thumb dynamic stabilization. 

Purpose of the Study: 1) To investigate how adults with thumb CMC joint pain responded to a hand ther- 

apy dynamic stabilization modeled intervention. 2) To determine if various client factors influenced re- 

sponsiveness and to what extent. 

Methods: An electronic medical record search identified adults treated from August 2009 through Decem- 

ber 2015 for thumb CMC joint pain. Radiographs were retrospectively staged. Outcome measures were 

1) Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) total disability score and 2) Numerical 

Pain Rating Scale (NPRS). Paired t- tests were performed to compare pre and post treatment measures. 

Multivariate analyses were used to investigate predictive factors. 

Results: A total of 249 charts were analyzed. Large overall significant effects were noted for disability 

score (QuickDASH P < .001, X = 12.1, Cohen’s d = 0.9). The average improvement of 2.1 ( SD = 2.6) points 

exceeded the minimal clinically important difference (MCID) of 1.7 points on the NPRS pain scale. Sig- 

nificant predictors of QuickDASH Scores were radiographic staging, bilateral hand involvement and initial 

pain ratings. Significant predictors for change in pain scores (meeting or exceeding the minimal clinically 

important difference for the NPRS) were bilateral thumb involvement and initial “pain at worst” rating. 

Conclusion: After completing hand therapy with a dynamic stabilization approach, clients had less pain 

and disability. Those who had unilateral thumb pain, or those who started with higher pain levels were 

most likely to have clinically meaningful improvements in pain. Clients in early CMC osteoarthritis (OA) 

stages responded better than those in later stages, indicating that early referral to therapy is important. 

© 2022 Elsevier Inc. All rights reserved. 
Abbreviations: MCID, minimal clinically important difference; NPRS, Numerical Pain Ra  

OP, opponens pollicis; 1st DI, 1st dorsal interosseous; EPB, extensor pollicis brevis; AE, ada  

pollicis brevis; APL, abductor pollicis longus. 
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Introduction 

Hand therapists frequently work with clients experiencing

symptoms related to thumb carpometacarpal joint osteoarthritis

(CMC OA). Symptomatic thumb CMC OA results in pain, decreased

pinch and grasp strength and difficulty in daily activities. 1 , 2 Clients

are often referred to therapy by physicians whose assessments may

include radiographic assessment. 3 

The thumb CMC joint is elegantly complex 4 and therefore care

of persons with painful thumbs can be challenging. Conservative

interventions (ie, hand therapy, orthoses, steroid injections, oral

medications) can improve symptoms and may help patients delay

or avoid surgery. 5-7 The goals of conservative treatment are to im-

prove participation in daily activities by decreasing pain, while in-

creasing stability, mobility, strength and function of the thumb. 8-10

Systematic reviews conclude that rehabilitation therapy interven-

tions reduce pain and improve function in persons with thumb

CMC OA, although evidence levels vary. 7 , 10 , 11 Literature indicates

that multimodal treatment (ie orthoses, manual therapy, joint pro-

tection education and exercise) is likely more effective than 1

treatment modality in isolation. 11-13 Multimodal management is

supported by the American College of Rheumatology 14 and the

European League Against Rheumatism. 15 Hand therapists typically

use multiple modalities. 16 , 17 However, more research is needed to

better understand the benefits of each modality and their additive

effect to comprehensive care. 15 

Exercise is a crucial component of multimodal treatment that

continues to undergo refinement. Although more research is

needed on exercise for hand OA, thumb CMC OA and thumb CMC

instability, studies suggest that exercise has positive effects on pain

and strength. 18-20 Exercise program design continues to evolve as

we advance our knowledge of thumb kinematics. 21-27 In brief,

thumb instability may be related to decreased range of motion, 28

decreased ligamentous stability or proprioception, 29 adductor pol-

licis (AdP) muscle shortening 8 and metacarpophalangeal (MP) joint

hyperextension. 30 Given this understanding, the role of hand ther-

apy for the symptomatic thumb CMC joint has become increasingly

focused on improving or maintaining stability. 9 , 12 , 31-35 In 20 0 0,

Taylor conceptualized restoring thumb dynamic stability via exer-

cises, 36 which set further investigation in motion. 

Dynamic stabilization as part of multimodal hand therapy is

promising but more investigation is warranted. A retrospective

study by O’Brien and Giveans (2013) found that clients participat-

ing in a hand therapy multimodal dynamic stability approach ex-

perienced a significant reduction in pain and disability as mea-

sured by the Quick Disabilities of the Arm Shoulder and Hand

(QuickDASH) outcome measure ( P < .01). 31 A prospective study

found significantly less pain at 3 months in clients who performed

stabilization exercises and used an orthosis compared to clients

who only used an orthosis. 18 Other authors have noted signifi-

cant improvements in pain and/or function when clients perform

thumb stabilization exercises as part of a multimodal hand ther-

apy approach. 12 , 32 , 34 However, results of a recent randomized con-

trolled trial (RCT) found that dynamic stabilization home exercises

plus standard conservative therapy (SCT) did not have superior

outcomes compared to SCT alone. 35 

Additionally, there is a need to further understand the influence

of various client factors and intervention parameters regarding dy-

namic stabilization of the thumb. Factors of interest include per-

sonal characteristics (eg, age, sex, hand dominance), lifestyle (eg,

profession, smoking) and clinical factors (eg, length of symptoms,

medical co-interventions, comorbidities and radiographic staging).

Intervention parameters include the length of treatment and num-

ber of therapy visits. The few published studies on predictive

factors in dynamic stabilization have yielded conflicting findings.
Please cite this article as: J. Johnson, G. Tranchida, M.A. Mathiason et
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Analyses in 2 studies found that the following client factors have

no predictive influence on outcomes: age, sex, self-reported base-

line function and affected (dominant vs non dominant) thumb. 31 , 35

However, multiple regression analyses in 2 large studies found pre-

dictive factors in clients with CMC OA who completed hand ther-

apy involving a stabilizing and strengthening approach. Wouters

et al. (2019) found that baseline resting pain rating, type of work

(heavy vs light labor) and baseline thumb metacarpophalangeal

(MP) joint flexion were predictive of pain and functional levels at 3

months ( n = 131, P < . 001). 18 Similarly, Tsehaie et al. (2019) found

baseline pain and function to be significant predictors of outcomes

at 3 months. 34 Further study would help clinicians understand the

potential impact of various patient factors, allowing them to tailor

interventions to each client. 

A client factor of particular interest in the present study is ra-

diographic staging. The most widely used system is the 4 stage

modified Eaton-Littler classification of thumb arthrosis. 3 The stages

indicate progressively decreased joint congruence, particularly in

stage III to IV. Multiple regression analysis in the Wouters (2019)

study indicated that stage IV predicted higher pain levels with

load, (eg, pinching activities) compared to clients at stage I-III. 18

However, clients at stage IV OA still reported significantly de-

creased pain on the visual analog scale (VAS) during physical load,

after treatment. In contrast, a recent study of dynamic stabilization

intervention by McVeigh et al. did not find statistically significant

differences in outcomes in relation to radiographic staging (modi-

fied Eaton-Littler stage I/II vs III/IV). 35 More research is needed to

further understand the role of radiographic stage in predicting re-

sponse to hand therapy and dynamic stabilization for persons with

thumb CMC OA. 

The rationale for the present study was to build on the modest

amount of evidence regarding dynamic stabilization of the thumb

CMC joint. The objectives were to 1) expand on the study by

O’Brien and Giveans, 31 analyzing the effects of the intervention in

a larger cohort and 2) assess the influence of treatment parame-

ters and client characteristics on response to the intervention. This

exploration can contribute to clinical decision making in hand ther-

apy, as part of multimodal conservative care of the painful thumb,

especially as focus is directed toward providing precision health-

care. 37 

Purpose 

Aim #1 was to investigate how clients with thumb CMC joint

pain responded to hand therapy with a dynamic stabilization mod-

eled approach. It was hypothesized that there would be a clinically

significant decrease in pain and disability on patient rated outcome

measures. Aim #2 was to determine to what extent various client

factors (such as age, arthritis stage, upper extremity comorbidities,

bilateral or unilateral involvement, etc.) and intervention factors

(such as number of therapy visits, duration of therapy, cortisone

injection) influenced responsiveness to the intervention. 

Methods 

Study design 

This study is an extension of a prior study by O’Brien and

Giveans. 31 It is a retrospective study based on a chart review from

August 1, 2009 to December 31, 2015, under the International Clas-

sification of Diseases - Ninth Revision (ICD-9) coding system. The

chart review did not cover 2016 and beyond because it was not

feasible to combine ICD-9 and ICD-10 data. The study reviewed

data from 8 hand therapy clinics within a large metropolitan

health care system. This study received ethical approval by an aca-

demic Institutional Review Board (study 1702M07481). Charts were
 al., Characterizing response to a dynamic stability modeled ap- 
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Table 1 

Relevant ICD-9 codes used in the initial chart selection process. 

ICD-9 Code Description 

715.04 Osteoarthrosis / osteoarthritis, generalized, hand 

715.14 Osteoarthrosis / osteoarthritis, localized, primary, hand 

715.24 Osteoarthrosis / osteoarthritis, localized, secondary, hand 

715.34 Osteoarthrosis / osteoarthritis, localized, not specified 

primary or secondary, hand 

715.94 Osteoarthrosis / osteoarthritis, unspecified whether 

generalized or localized, hand 

716.54 Unspecified polyarthropathy or polyarthritis, hand 

716.64 Unspecified monoarthritis, hand 

716.84 Other specified arthropathy, hand 

716.94 Arthropathy, unspecified, hand 

719.44 Pain in joint, hand 

719.50 Stiffness in joint 

719.54 Stiffness of joint, not elsewhere classified, hand 

729.50 Pain in limb 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

only used if clients had consented to review of medical records for

research. 

Procedures 

A university-based health informatics service assisted with ini-

tial identification of electronic medical records for review. Clients

were referred to hand therapy by family medicine practitioners,

general orthopaedists, sports medicine providers and hand sur-

geons. At that time, physicians and therapists used many differ-

ent diagnosis codes because there was no specific “thumb pain”

code in the ICD-9 system. Therefore, to capture all potential charts,

13 codes from the ICD-9 system were considered ( Table 1 ). Af-

ter the computerized query process identified clients who sought

hand therapy for thumb pain ( n = 1805), further chart sorting was

completed by the last author to identify charts with sufficient data

available ( n = 326). Those clients had participated in a dynamic

stabilization approach and completed the Numerical Pain Rating

Scale (NPRS) and QuickDASH measures upon initial evaluation and

at discontinuation. A deeper review of these charts excluded those

in which the client’s chief complaint was thumb MP joint ulnar col-

lateral ligament repair, MP joint sprain, thumb tendonitis, contu-

sion, trigger thumb, DeQuervain’s tenosynovitis, dorsal radial sen-

sory nerve irritation, distal radius fracture, scaphoid fracture, nerve

injury, wrist and forearm pain or hand pain. Charts were excluded

if the client was seen in therapy for post-operative care, the ma-

jority of which were CMC joint arthroplasties. Thumb radiographs

were considered if they were taken shortly before the course of

therapy. 

Inclusion and exclusion criteria 

Inclusion criteria required a provider diagnosis of thumb CMC

joint OA or pain or therapist documentation of thumb CMC joint

pain. Charts were not included if the client received an orthosis

only, without evidence of exercise performance. Since clients often

present with multiple upper extremity conditions, 30 , 38 charts were

still included if certain comorbidities were documented (see vari-

ables section). 

Exclusion criteria were history of a fracture to any portion

of the thumb, surgical procedures completed during the therapy

course, tendon lacerations, thumb MP ulnar collateral ligament in-

jury, or inability to participate due to difficulties with cognition. 

Dynamic stabilization approach 

Clients included in this retrospective study participated in a

dynamic stabilization modeled approach under the direction of a
Please cite this article as: J. Johnson, G. Tranchida, M.A. Mathiason et
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hand therapist. Due to the retrospective nature of this study, the

intervention had not been protocolized and there were no formal

fidelity measures. Therapists commonly fabricated or suggested or-

thoses with a dosage schedule at their discretion. Adaptive equip-

ment (AE) and joint protection education (JPE) were also common,

in the manner demonstrated by Albrecht. 9 However, documenta-

tion of orthosis use, AE or JPE were not necessary to be considered

for the study. 

Inclusion requirements were documentation of at least 2 of

the following components: 1) Adductor pollicis (AdP) stretching

or release, 2) self-thumb CMC joint traction or mobilization, 3)

exercises targeting the opponens pollicis (OP) and 1 st dorsal in-

terosseous (1 st DI) muscles (active motion, isometric holds or iso-

tonic strengthening) and 4) thumb MP joint stabilization and neu-

romuscular reeducation (see Appendix 1). The MP joint stabiliza-

tion can include extensor pollicis brevis (EPB) active motion in

isolation, as well as an isometric gentle place and hold touch of

thumb to index finger pads in an opposed, palmar abduction pos-

ture (keeping the thumb interphalangeal (IP) and MP joints in mild

flexion). All 18 therapists providing care to clients during the time-

frame had been trained through group or individual teaching. Em-

phasis was placed on a client-centered, staged approach, respecting

pain levels. Therapists were instructed to carry out the approach in

the manner of the 2013 O’Brien and Giveans study: 

The basic order is a guided approach of pain reduction through

pain free web space restoration, neuromuscular reeducation to re-

store the balance and order of activation of all thumb muscles with

an emphasis on the 1 st DI, therapeutic exercise for strengthening to

maintain thumb joint stability, joint mobilization for pain control,

orthotic support as needed, JPE, and modalities. 31 (p. 49) 

Independent variables 

The independent, or predictor variables fell into 2 categories: 1)

intervention parameters and 2) client characteristics. The interven-

tion parameters were number of therapy visits and total duration

of therapy. The variable of a cortisone injection as a medical co-

intervention was considered. Pain medication was not a feasible

variable since there was not sufficient data on type, dosage recom-

mendations or adherence. 

The client characteristics were age, sex, baseline pain and dis-

ability, length of symptomatology, self-reported hand dominance,

disease side, radiographic staging. These variables were chosen as

they are typically noted in related literature. 5 , 39 , 40 Counts of co-

morbid conditions of the hand or upper extremity were also con-

sidered in the following categories: tendon conditions (DeQuer-

vain’s tenosynovitis, trigger finger or thumb, tendonitis), nerve

conditions (carpal tunnel syndrome, cubital tunnel syndrome), sys-

temic arthritic conditions (rheumatoid arthritis, scleroderma, lu-

pus), and Ehlers Danlos Syndromes (EDS). Comorbid medical con-

ditions were grouped to create 2 variables: pain syndromes (eg,

Fibromyalgia and complex regional pain syndrome) and metabolic

disorders (diabetes, thyroid conditions). 

Dependent/response variables 

The dependent, or response variables were pain as per the NPRS

and upper limb function and symptoms as per the QuickDASH.

These were chosen as they were the only patient rated measures

used by the clinics in this time frame. 

The QuickDASH scores were recorded from initial and discon-

tinuation visits. The QuickDASH assesses physical function and

symptoms in persons with disorders of the upper limb. 41 It con-

tains an 11-item disability and symptom module where each item

is rated on a 5 point Likert scale. Mean scores are multiplied by
 al., Characterizing response to a dynamic stability modeled ap- 
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Table 2 

The Eaton-Littler classification. 

Stage Description 

I Subtle carpometacarpal joint space widening 

II Slight carpometacarpal joint space narrowing, sclerosis, and cystic 

changes with osteophytes or loose bodies < 2mm 

III Advanced carpometacarpal joint space narrowing, sclerosis, and 

cystic changes with osteophytes or loose bodies > 2mm 

IV ∗ Arthritis changes in the carpometacarpal joint as in Stage III with 

scaphotrapezial arthritis 

∗Stage IV as modified by Eaton and Glickel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25 for a total score, ranging from 0 to 100, with higher scores rep-

resenting greater disability. The QuickDASH developers found it to

have good construct validity ( r ≥ 0.64) and high test-retest relia-

bility (ICC = 0.94 to 0.97) in a cohort of 200 persons with upper

extremity conditions. 41 A small study found the QuickDASH to be

more responsive than its predecessor, the DASH, in conditions seen

in a typical outpatient hand therapy clinic. 42 

Pain ratings were also recorded from initial and discontinuation

visits. The NPRS is a 0 to 10 pain rating scale (10 being the highest

intensity), administered using a verbal and/or graphic prompt. 43

The NPRS has been shown to have high reliability in populations

with rheumatic diseases ( r = 0.95 to 0.96, P = .05). 44 The mini-

mal clinically important difference (MCID) of the NPRS has been

determined to be a decrease of 1.74 points in persons with mus-

culoskeletal conditions including osteoarthritis. 45 Each chart re-

viewed for this study contained 2 pain scores as documented by

the therapist: resting pain and pain at worst, in the week prior

to the visit. During data recording, when pain was indicated as

a range, the higher number was recorded. When bilateral hands

were involved, the rating for the more painful side was recorded. 

Radiographic staging of CMC OA was completed retrospectively

on 131 charts by a single, fellowship trained orthopedic hand

surgeon utilizing the modified Eaton-Littler classification system

( Table 2 ). 3 This is the most common system utilized by hand sur-

geons for grading CMC OA and the reliability has been reported as

moderate to fair. 46 The available images in the electronic medical

records included 2 to 3 radiographic views of the hand. Imaging

dates corresponded to the period just before the client’s participa-

tion in hand therapy. 

Statistical methods 

Analyses were performed with version 9.4 of the Statistical

Analysis System software package. Descriptive statistics and statis-
tical distributions were evaluated for all relevant data.  

Table 3 

Chart identification and sorting process. 

Step Objective 

1: Initial records query Capture records of clients treated for thumb pain

2: Initial chart filter process Identify relevant charts with sufficient data 

available 

3: In depth chart review Narrow to those seen for thumb CMC joint pain 

4: Second chart sorting Screen out surgical CMC joint care 

5: Staging of imaging View and stage radiographs when available 

QuickDASH = Quick Disability of the Arm, Shoulder and Hand scale; NPRS = Numerical P

Please cite this article as: J. Johnson, G. Tranchida, M.A. Mathiason et
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Aim #1: Dependent t -tests were used to evaluate for change in

the dependent variables between baseline and discontinuation as-

sessments. P- values < .05 were considered statistically significant. 

Aim #2: Bivariate tests of associations between independent

and dependent variables were performed. Chi-square tests were

used when testing 2 categorical variables. Pearson correlation co-

efficients were used to evaluate continuous variables. Factors with

P -values < .20 were eligible for inclusion in multivariate models. 

The multivariate analysis was completed on the data from 249

clients who participated in a dynamic stability approach for non-

surgical thumb CMC joint pain. Multivariate models for continuous

outcomes were tested using ANCOVA tests. Dichotomous outcomes

were tested using logistic regression. The sample size was appro-

priate for multiple regression analysis. 47 

To analyze factors that predict change in NPRS ratings, the

scores were converted to a dichotomous variable for the purpose

of multivariate modeling. Since scores on a scale such as the NPRS

are often low to begin with, statistical change is difficult to mea-

sure, therefore, we elected to examine the dichotomous variable

“exceeds MCID on the NPRS of 1.7 points: yes/no.”45 

Results 

The results of the chart selection and screening process are out-

lined in Table 3 . A total of 249 charts were included. Of these, 131

charts contained thumb radiographs taken just before the course

of therapy, which were then staged. 

The characteristics of the clients are represented in Table 4 . The

cohort was comprised of predominantly right-handed, white fe-

males, who, on average, were living early in their sixth decade of

life, and attended approximately 4 total hand therapy visits across

a period of just over 1 month. Over 40% of the sample was affected

by bilateral thumb CMC OA. Among those who had available ra-

diographs, an Eaton-Littler grade III diagnosis was most common.

Comorbid diagnoses of the hand were documented in 11.6% of the

cases. As a component of their treatment, the clients were most

frequently issued a single orthosis which, in most instances, was

a custom hand-based thumb CMC and MP stabilization orthosis

(ie, thumb spica). Cortisone injections had been administered to 29

people. Date of injection was only noted in 6 cases. The adminis-

tration time before therapy was 6-8 months prior in 4 people and

1 month to same day for the remaining 2. 

Aim # 1: When analyzing the distribution of the dependent

measures, NPRS scores were normally distributed whereas Quick-

DASH scores were right-skewed (Skewness = 1.475), indicating

a floor effect of this measure in this study. 48 When evaluating

the main effects of the intervention on change in QuickDASH and
Details Number of charts 

after each phase 

 Initial identification of electronic medical records 

for review 

1805 

Documentation of participation in dynamic 

stability approach, at least 2 QuickDASH scores 

and pre/post NPRS Pain Scores 

326 

Exclusion of records of patients being seen for 

conditions other than thumb CMC joint pain 265 

Excluded those who had procedures such as CMC 

arthroplasty, carpal tunnel release, ganglion 

removal 

249 

A single orthopaedic surgeon reviewer staged the 

degree of CMC OA via the Eaton Littler 

classification system 

131 

ain Rating Scale. 
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Table 4 

Sample characteristics. 

Mean or N SD or % 

Total sample 249 

Age 60.9 10.8 

Number of hand therapy visits 4.5 1.9 

Length of treatment in days 41.9 31.5 

Sex 

Male 55 22.1 

Female 194 77.9 

Race 

White 225 91.1 

African American 1 0.4 

Asian American 2 0.8 

Other 19 7.7 

Pain at rest, initial 2.1 2.2 

Pain at worst, initial 6.1 2.3 

QuickDASH score, initial 33.1 16.6 

Orthosis type 

Custom hand based thumb spica orthosis, 

thermoplastic 

150 60.2 

Comfort Cool® Thumb CMC Restriction 

Splintorthotic 

57 22.9 

Forearm based, IP joint free, custom thermoplastic 19 7.6 

CMC stabilization, custom thermoplastic 42 16.9 

Custom fit, forearm based Ottobock Thumboform® 3 1.2 

Other 5 2.0 

Number of orthoses issued 

0 16 6.4 

1 193 77.5 

2 37 14.9 

3 3 1.2 

Dominant hand 

Right only 223 89.6 

Left only 25 10.0 

Ambidextrous 1 0.4 

Affected hand 

Right only 60 24.1 

Left only 83 33.3 

Bilateral 106 42.6 

Radiographic stage of CMC OA ( n = 131) 

1 14 5.6 

2 38 15.3 

3 62 24.9 

4 17 6.8 

Radiographic images not available 118 47.4 

Number of comorbid hand and upper extremity 

conditions 

0 220 88.4 

1 28 11.2 

2 1 0.4 

Received cortisone injection 29 11.6 

SD = standard deviation 

 

 

 

 

 

 

 

 

 

Table 6 

Predictors of change in QuickDASH scores in response to dynamic stability ap- 

proach. 

Factor Estimate Standard T value P value 

Error 

Intercept 8.9 3.0 2.9 .004 

Initial “pain at worst” 0.8 0.4 2.1 .033 

Radiographic OA stage -1.5 0.6 -2.5 .014 

Bilateral involvement -4.2 1.8 -2.4 .018 

QuickDASH = Quick Disabilities of the Arm, Shoulder and Hand. Intercept = a 

mathematical constant (no clinical interpretation); Initial “pain at worst”, radio- 

graphic stage, bilateral involvement = the independent (explanatory) variables; Es- 

timate = the mathematical weightings of the independent (explanatory) variables 

in the equation (the regression coefficient or β -weight); SE = estimated precision 

of the estimate; T value = the test statistic for the T distribution, for testing for 

main effects of independent variables; P value = the probability values indicating 

the statistical significance of the effect of each independent variable on the Quick- 

DASH Scores. Model F (4, 239) = 4.00; P = .004, R -square: 0.063. 

Table 7 

Predictors of exceeding minimal clinically important difference (MCID) in “pain at 

worst” NPRS scores. 

Modeled to pain “at worst” / MCID met OR LCL UCL P - value 

Hand(s) affected .010 

Bilateral 0.5 0.3 0.8 

Unilateral Ref 

Initial pain “at worst” < .001 

Per 1 unit increase 1.6 1.4 1.8 

NPRS = Numerical Pain Rating Scale. OR = Odd’s Ratio, LCL = Lower Confidence 

Limit, UCL = Upper Confidence Limit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NPRS pain scores, a large significant effect was noted for change in

QuickDASH disability scores ( P < .001, X = 12.1, Cohen’s d = 0.9).

Resting pain ratings improved significantly with medium-sized ef-

fects ( P < .001, X = 1.1, Cohen’s d = 0.6). Ratings of pain at worst

improved significantly, with large effects ( P < .001, X = 2.1, Co-

hen’s d = 0.8), and the average improvement of 2.1 points ex-

ceeded the MCID of 1.7 points on the zero to ten scale ( Table 5 ). 45

When analyzing the frequency in which persons exceeded the

MCID throughout the course of treatment, 137 or 55% of all pa-

tients saw change which exceeded the pain NPRS MCID of 1.7. 
Table 5 

Comparison of initial and discharge QuickDASH composite scores and pain ratings 

approach ( n = 249). 

Initial M(SD) Discharge M(SD) 

QuickDASH 33.1 (16.6) 20.9 (15.0) 

Resting Pain on NPRS 2.1 (2.2) 1.0 (1.7) 

Pain at worst on NPRS 6.1 (2.3) 4.0 (2.4) 

QuickDASH = Quick Disability of the Arm, Shoulder and Hand; NPRS = Numerical

Please cite this article as: J. Johnson, G. Tranchida, M.A. Mathiason et
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Aim # 2: According to the multivariate analysis, the signifi-

cant predictors of QuickDASH Scores were OA stage, initial pain

scale rating (“at rest” and “at worst”), and the presence of bi-

lateral involvement ( Table 6 ). While controlling for the effects of

all other significant predictors, with each advancing radiographic

stage of OA, a therapist might expect a reduction of change in the

QuickDASH of 1.5 points. Similarly, relative to those with unilateral

thumb CMC OA, a therapist might expect persons with bilateral

involvement to have around 4 points less improvement in Quick-

DASH scores. Conversely, for every additional 1 point on the NPRS

of “pain at worst” reported at baseline, a therapist might expect to

see nearly 1 point improvement in QuickDASH scores at discharge.

The final model predicted only 6.3% of the variance in change in

QuickDASH scores ( Table 6 ). 

Multivariate analysis also indicated significant predictors of

change in NPRS pain scores, specifically, change in client’s “pain

at worst” ratings. Of interest was whether the change score was

likely to exceed the MCID of 1.7 or not. 45 When clients had bi-

lateral thumb CMC OA, they were 54% less likely to exceed the

pain NPRS MCID ( Table 7 ). Therefore, persons with unilateral in-

volvement were more likely to respond to the intervention with a

decrease in pain. However, for every one unit increase in baseline

NPRS pain scores, clients were 1.6 times more likely to exceed the

pain NPRS MCID. Thus, clients who started with higher pain levels

were more likely to experience decreased pain of at least the MCID

after therapy than those who started with lower pain levels. 
of participants with thumb CMC pain who participated in dynamic stability 

Decrease M(SD) t P value Cohen’s d 

12.1 (14.0) 13.6 P < .001 0.9 

1.1 (2.0) 8.8 P < .001 0.6 

2.1 (2.6) 12.4 P < .001 0.8 

 Pain Rating Scale. Level of significance: P < .05 
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Several client characteristics were not statistically significant

predictors of change for pain or functional outcomes: age, sex,

hand dominance and length of symptoms. The multivariate anal-

ysis controlled for independent effects of comorbidities, and the

following factors were not significant: other hand and upper ex-

tremity conditions, pain syndromes, metabolic disorders, systemic

arthritic conditions, and EDS. Intervention parameters (cortisone

injection, duration of therapy or number of therapy visits) were

not predictive of pain or functional outcomes. 

Discussion 

This study is an extension of the retrospective study by O’Brien

and Giveans (2013), also finding that clients had improved func-

tion and decreased pain when participating in a dynamic stabiliza-

tion modeled approach for thumb CMC joint pain. 31 The present

study expanded the timeframe and variable set of the O’Brien and

Giveans study, and new findings emerged. Results indicate im-

provements in response to the intervention, with medium to large

significant effects on pain ratings (NPRS) and functional outcomes

(QuickDASH score) respectively. This is similar to findings of other

studies on multimodal therapy for thumb CMC OA, and/or thumb

instability. 12 , 18 , 32 , 34 , 49 

The expansion of the dataset reveals larger effects of the inter-

vention relative to those of O’Brien and Giveans. While they re-

ported 19.3% improvement in QuickDASH disability scores, we re-

port 36.9% change. They reported 17.9% improvement in pain (per

the 1-5 QuickDASH pain rating) and we found 34.4% change on the

NPRS for “pain at rest” and 52.4% change for “pain at worst.” One

reason for different findings may be the use of our 11-point pain

scale, since larger samples are associated with a reduction in re-

sponse variance. 

A key contribution of the present study is the novel exami-

nation of predictive factors for response to dynamic stabilization

of the thumb. The significant predictors of change in QuickDASH

scores were OA stage, initial “pain at worst” rating, and the pres-

ence of bilateral involvement. Predictors of exceeding the MCID for

“pain at worst” on the NPRS were affected hand (bilateral vs uni-

lateral), and baseline worst pain NPRS rating. Persons with bilateral

thumb CMC pain were less likely to have a clinically meaningful

decrease in pain than those with unilateral involvement. 

Another predictive factor was baseline “pain at worst” rating.

With each 1-point increase in baseline worst pain score, clients

were 1.6 times more likely to exceed the MCID on the NPRS for

pain. This is similar to the findings of another study. 34 It may be

explained by a combined effect of the greater tendency to seek

care as pain levels increase, in persons with osteoarthritis. 50 , 51 An-

other explanation might be that persons with high pain levels re-

ceived additional supervised therapy. However, post-hoc analyses

of associations between initial pain scores with treatment duration

and number of visits ( P = .96 and .55 respectively) did not sup-

port this assumption. Furthermore, another potential explanation

is that early stage OA is associated with synovitis and osteophyte

presence, 52 , 53 which can predict higher pain intensity. 53 Our find-

ings suggest that persons in earlier stages might respond better

to this approach. Pain intensity in a general musculoskeletal pop-

ulation has been shown to positively predict higher medical visits,

costs and opioid use. 54 

Our results suggest that the radiographic stage of thumb CMC

OA is predictive of change in client rated function and disability

after intervention. With each progressive stage of the Eaton-Littler

classification system, clients had less improvement in their func-

tional scores as measured by the QuickDASH. Other research in-

dicates that radiographic staging may or may not be associated

with treatment response in thumb CMC care. A study by Wouters
Please cite this article as: J. Johnson, G. Tranchida, M.A. Mathiason et
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et al. (2019) found that presence of scaphotrapezial joint OA (stage

IV) was predictive of higher pain at follow up when compared to

clients at stage I-III. 18 Day et al. found that clients at Eaton-Littler

stage I disease had good pain relief from an orthosis and an in-

jection, while pain relief was only maintained in some clients at

stage II-III. 55 Conversely, Swigart et al. found symptom improve-

ment in clients wearing a thumb orthosis, regardless of CMC OA

stage. 56 Theoretically, persons with stage III and IV OA may not

respond as well to dynamic stabilization of the CMC joint, since

these stages are characterized by limited joint space and mobil-

ity and increased subluxation. 3 Congruent with our findings, the

recent McVeigh et al. study reported a moderate effect of OA stag-

ing on QuickDASH scores at 6 weeks and 6 months among those

participating in a dynamic stabilization home program, with the

differences approaching significance at p = .06 and P = .07 levels

respectively. 35 

In addition to the client factors mentioned above, therapy pa-

rameters were also taken into consideration when predicting re-

sponsiveness. Unfortunately, our study does not offer guidance in

terms of optimal duration or frequency of therapy, nor does it

offer guidance in terms of optimal orthosis design. Additionally,

because the data was not reported in a standardized fashion in

the medical record, the impacts of specific treatment parameters

such as exercise frequency and dosage were not factored into the

analysis. 

The present study adds to a literature base that explores fac-

tors predicting response to hand therapy for thumb CMC pain.

A large study by Tsehaie et al. also examined predictive factors

for response to an intervention consisting of an orthosis, train-

ing for thumb positioning (avoid MP joint hyperextension and first

metacarpal adduction), and coordination and retraining of thenar

muscles. Their results indicated that baseline pain and function,

and satisfaction with the hand were significant predictive factors

for outcomes at 3 months ( N = 809, P < .001). 34 Measures were the

VAS and the Michigan Hand Questionnaire MHQ. The aforemen-

tioned study by Wouters et al. used multiple regression in their

analysis of an exercise and orthosis intervention compared to an

orthosis only group. 18 They found that higher baseline resting pain

levels were predictive of higher resting pain at 3 months, and that

higher resting pain and presence of stage IV CMC OA were predic-

tive of higher pain scores during physical load (pinching activities)

at 3 months. 18 A recent trial included a secondary analysis of client

factors in regards to outcomes. 35 Within the 2 study groups, there

were no significant differences when the dominant hand was af-

fected. Age (over vs under median age of 66) was not a significant

factor in pain or functional scores, which is congruent with our

findings. Other studies have not commented on the impact of bi-

lateral hand involvement on treatment response, which is a unique

finding of the present study. 

Although the literature trends increasingly toward use of thumb

dynamic stabilization in hand therapy, outcomes have varied with

time and across studies. One reason may be the substantial

variation in specific exercises and their presentation to clients. As

thumb biomechanical knowledge has changed, exercise prescrip-

tions have changed. A 2005 study compared 2 different orthosis

and exercise prescriptions and did not find significant differences

in results for pain, strength and function between groups. 57 One

group performed thumb palmar abduction AROM and the other

group performed pinching with a foam block. A 2012 pilot RCT

compared specific dynamic stability exercises to general exercises

for the thumb CMC joint. 33 There were no significant differences

in function, strength or pain scores at 3 and 6 months. The sta-

bility exercise program specifically targeted the abductor pollicis

longus (APL) via AROM and resistance. 33 , 36 The thumb palmar ab-

duction exercises (passive and active motion and strengthening) in
 al., Characterizing response to a dynamic stability modeled ap- 
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effect also worked the abductor pollicis brevis (APB), EPB, OP and

stretched the AdP (V. Jansen, Senior Hand and Research Physiother-

apist, personal communication, 2016). At the time, the APL was

thought to be a stabilizer and was integrated into exercise pro-

grams, whereas newer evidence suggests that it may destabilize

the joint. 24 

Bench research indicates that the OP and 1 st DI muscles con-

tribute, in particular, to CMC joint stability, 24-27 and a trend in

therapy is to target these muscles. 9 , 31 , 35 Also, for some time, ther-

apy has incorporated neuromuscular reeducation to pinch and

grasp without MP joint hyperextension or metacarpal adduc-

tion. 9 , 31 , 33 , 35 This involves using all the thumb muscles, and in

particular, activation of the EPB, avoiding overreliance on the ex-

tensor pollicis longus (EPL) 58 and AdP. The present study, as well

as the O’Brien & Giveans study used 1 st DI and OP exercises, ad-

ductor release and stretching, and neuromuscular reeducation (see

Appendix 1 ). 31 Both retrospective studies resulted in statistically

significant results, but did not involve a firmly established protocol

or fidelity measures. The recent RCT did have standardized exer-

cise instruction and fidelity measures. 35 Three exercises were used,

targeting the 1 st DI, OP, thumb webspace stretching, and neuro-

muscular control of the IP and MP joints. The exercise frequency,

repetitions, sets and holds were standardized. 35 Other prospective

studies, with positive results, incorporated exercises for stability

but did not have strict exercise parameters. 34 The 2019 prospective

Wouters et al. study involved AROM, coordination and strengthen-

ing for the EPB, APL, 1 st DI, OP, flexor pollicis brevis, APB, as well

as pinch with stable posture. 18 Further bench research and proto-

colized intervention studies are needed to confirm which muscles

are, or should be used, in which position, and how to modify ex-

ercises for individual client needs. Another element to further in-

vestigate is the appropriate dosage required to accomplish a more

stable thumb. The present study involved around 4 visits in just

over 1 month. The O’Brien and Giveans study involved an average

of 2 to 3 visits over 6 weeks. 31 Since thumb dynamic stabilization

is highly nuanced, clients typically need review and refinement of

their exercise performance. Often, multiple visits are needed to as-

sist the client to integrate stable thumb postures into their unique

activity demands. 

Another reason for varied results when comparing studies of

thumb dynamic stabilization may be related to the outcome mea-

surements used. The QuickDASH may not be ideal to capture func-

tional status related to thumb CMC joint pain, however, it was

the main outcome measure for the present study and other stud-

ies. 31 , 35 In the present study, we noted a floor effect in final Quick-

DASH scores, as the distribution of scores was skewed toward the

right. 48 This trend should give researchers and clinicians pause

when considering its ability to capture thumb-specific impairment

and disability. Furthermore, there is minimal literature on Quick-

DASH measurement properties for non-surgical CMC OA, and what

does exist was conducted with only fair methodological quality. 59 

One potential reason for its lack of fit with this population is that

it does not focus on many bilateral tasks, and it does not distin-

guish between left and right affected sides. In our sample of per-

sons with thumb CMC OA, 42% were affected in bilateral hands,

and bilateral involvement has been reported as high as 62.9% in

this population. 60 

The wide range in QuickDASH MCID estimates reported in the

literature also affects interpretation of study results. The MCID has

been reported in a range of 14 to 19 points, but most samples

studied shoulder conditions or a conglomerate of upper extremity

conditions. 61-63 A recent MCID estimate was 6.8 in a non-shoulder

hand and upper extremity sample, 64 which does lend support for

the average improvement of 12.1 points in the present study. Other

studies finding positive outcomes for thumb CMC interventions
Please cite this article as: J. Johnson, G. Tranchida, M.A. Mathiason et
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have used measures specific to the hand such as the MHQ and

the Australian Canadian OA Hand Index (AUSCAN). 18 , 34 , 49 Outcome

measures designed specifically for the thumb CMC joint could be

considered for future studies, including the Thumb Disability Ex-

amination 

65 and the Trapeziometacarpal Arthrosis Symptoms and

Disability. 66 

Limitations 

The main limitation to this study is the retrospective design.

Studies of a retrospective nature are subject to confounding, mis-

classification bias, vulnerability to poor documentation standard-

ization, uncertainty about intervention standardization, fidelity, or

adherence, and potential for data loss. 67 Long term follow up as-

sessment data was not available. Nor were we able to compare

other standard conservative hand therapy treatment (orthoses,

modalities, JPE, AE) to the addition of dynamic stabilization exer-

cises. Other limitations are the lack of exercise program standard-

ization, moderate sample size and the use of a functional outcome

tool that was perhaps less than ideal to measure change in the

population of interest. 

Conclusion 

This study augments the growing evidence for a dynamic sta-

bilization in conservative care of thumb CMC joint pain. It offers

variation from its predecessor study and adds new information

to enable us to better offer precision healthcare. 37 While further

prospective studies are needed, it appears that a dynamic stabi-

lization modeled hand therapy approach can result in improved

function and pain, particularly in certain clients. Findings of the

present study suggest that referral to hand therapy may be most

beneficial when clients are in early stages of thumb CMC OA. Those

with high pain levels may still experience a meaningful decrease in

pain. Clients with bilateral involvement might not respond as well

as those with unilateral involvement. However, this finding should

be viewed cautiously since our functional outcome tool did not

distinguish between dominant, non-dominant, or bilateral hands.

Also, given its apparent predisposition to a floor effect, the Quick-

DASH may not be ideal for this population since it is not specific

to the hand or thumb alone. 

The moderate sample size indicates that our study results

should be interpreted with caution. This retrospective study can be

used as a basis to generate hypotheses for future prospective stud-

ies in care of the painful thumb. The impact of client factors or

treatment parameters is not clear and may remain nebulous given

the vast amount and nature of factors. But, further investigation

and understanding can guide informed decisions, while addressing

potentially modifiable client factors. 68 

Hand therapy for thumb CMC pain involves a great amount of

individualized treatment decisions. Clinical practice and research

alike could be aided by a decision making algorithm and proto-

colized exercises based on current evidence. It is imperative that

hand therapists work to standardize interventions and documenta-

tion while using appropriate outcome measures. This would pro-

vide a basis for more robust studies to showcase the impacts of

our profession to payers, legislators and referral sources. 
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