
Radial Longitudinal Deficiency and 
The Thumb Grasp and Pinch Assessment  

May 17th, 2023 

Wendy Tomhave OTR/L 

Occupational Therapist and Clinical Research Specialist 

Shriners Children’s Twin Cities 



Wendy A. Tomhave OTR 
This speaker has no financial relationships with commercial interest. 



 
 My Background 

Shriners Children’s 31 years 

Pediatric Orthopedics 

Specialty Clinics 

 

Clinical Research Interests 

   - Congenital Hand  

   - Upper Extremity Cerebral Palsy 

   - Upper Limb Prosthetics 

   - Assessment of the Hand 



      Shriners Children’s:  Specialty Hand Clinics 
Steven Moran, MD 

Mayo Clinic, Rochester 

Plastic and Reconstructive Surgery 

 

Shriners Children’s, Twin Cities 

Pediatric Hand Surgery 

 

 

 

Ann Van Heest, MD 

University of Minnesota Department of Orthopedic Surgery 

  

Gillette Children's Specialty Healthcare 

  

Shriners Children’s, Twin Cities 

Pediatric Hand Surgery 

 



Radial Longitudinal Deficiency 
• Affects the radial aspect of the arm  

• Incidence 1 in 30,000 live births 

• Mild thumb hypoplasia to complete absence of the radius 
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Causes: Radial Longitudinal Deficiency 
• Majority of the cases are sporadic 

• Disrupted limb bud development  

 

• 1/3 of patients have a known syndrome (CoULD registry) 

      - VACTERAL (14%) 

      - Holt-Oram (17%) 

      - Other syndromes (8%) 

      - TAR (5%) 

      - Fanconi’s anemia (2%) 

       

• Occurs bilaterally in 50% of the cases  

• Exposure to teratogens (thalidomide and radiation)  can yield radial deficiencies 
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Our team studied past literature and developed a  
thumb assessment protocol in 2006 



Hand Dexterity 
 • Repetitive grasping of pegs or blocks 

• Score based on speed of performance 

• Allow any grasp pattern including no thumb use 

 

     9 Hole Peg Test                   Functional Dexterity Test            Box and Blocks Test 



Object Handling Assessments  
Manske 1992 

Grasp/release  

           - 7 large objects, 7 smaller objects 

    - Thumb use given a percentage score 

          - normal thumb 

          - modified fashion  

           - no use 

 

Goldfarb 2007 

    - Grasp/release 

         - pop can, block, turn a key, bead 

    - Thumb use yes/no 

 

Manske PR, Rotman MB, Dailey LA. Long-term functional results after pollicization for the congenitally deficient thumb. J Hand Surg Am. 
1992 Nov;17(6):1064-72. doi: 10.1016/s0363-5023(09)91063-2. PMID: 1430939. 

Goldfarb CA, Wustrack R, Pratt JA, Mender A, Manske PR. Thumb function and appearance in thrombocytopenia: absent radius syndrome. 
J Hand Surg Am. 2007 Feb;32(2):157-61. doi: 10.1016/j.jhsa.2006.10.019. PMID: 17275588. 

 

 

 

 

 

 

 

 

 



Descriptions of abnormal grasp patterns varied: 
 
Tricks moves 
Side to side pinch 
Modified manner 
Deviant grasp patterns 

 



            We developed our own thumb use assessment 
 

            Thumb Grasp and Pinch Assessment (T-GAP)   

                    Tip pinch                            Resistance 

                    Lateral /Key pinch            Manipulation 

                    Small grasp                        ADL 

                    Medium grasp                  School 

                    Large grasp 

 

 

 

 

 



Scoring hierarchy based on principles of hand development  

• Reflexive grasp with no thumb use 

• Develop from the palm to the fingertips 

• Ulnar to radial side of hand 

• Learn to use key pinch, tip and tripod 

• Stabilize and manipulate objects at the fingertips 

 

 



T-GAP Scoring Hierarchy 

Grasp and Pinch Style Scoring 

0          No Grasp, Passive Stabilization 

1          Palmar Grasp, Finger Flexion; No Thumb Use 

2          Ulnar Scissor Grasp; No Thumb Use  
3          Radial Scissor Grasp; No thumb Use 

  
4         Cylindrical Grasp; Thumb to Fingers 

5         Lateral Key Pinch; Thumb to Index 

6         Tip Pinch; Thumb to Finger Tip 

7         Tripod Pinch; Thumb to Distal Index/Long 



Hand Assessment Protocol 2006   

•All patients with congenitally deficient thumbs were 
referred to OT  

•Became our standard of care for establishing baseline 
skills and progress  

•Helped with decision making  

•Families had a better understanding of their child's 
thumb function 

 

 

 

 



 
Nine years of thumb function assessments were reviewed in 2014 
 
 
Kathleen Kollitz, MD  
Fellowship at Mayo Clinic  
 
 

 
 

Discovered the T-GAP as a new variable  
to measure hand dexterity 



Construct and Concurrent Validity: Results 
T-GAP scores were significantly correlated: 

 Dexterity Measure                                      P-Value 

Box and blocks test                                      .0048 

Functional dexterity test                            . 014 

Nine hole peg test                                       . 0051 

 

Strength and Range of Motion                    P-Value 

Tripod pinch strength                                   .0001 

Key pinch strength                                        .017 

Grip strength                                                  .0083 

Kapandji opposition                                      .0051 

Active distal grasp span                                .0005 

 
 

The varied grasp styles employed by these children were not entirely captured by standard 
outcome measures which are based on speed and allow any pinch pattern to be used including 
those that exclude the thumb. 

 

 

 



T-GAP Inter and Intra Rater Reliability  

• The ICC’s for inter rater trials were 0.887 and 0.901 

 

• The ICC’s for intra-rater trials were all above 0.88 

 

 

 

 

 

• Inter rater and intra rater reliability results were excellent in which raters 
could classify and score children’s hands consistently 

 



Understanding atypical grasp and thumb use patterns 
could facilitate the choice of strategies in the:  

-therapeutic process 

                  -success of various treatments 

 

 



T-GAP Scoring and Interpretation 
• 5-10 minutes to administer  

• 9 activities are video recorded  

• Scored during a subsequent viewing  

 

Identifies 3 components of hand dexterity 

• Final T-GAP score (measured using a hierarchical scale) 

• Thumb use score  

• Number of grasp styles 

 

 



      Nine developmentally appropriate tasks for 3 age groups 



                                                                            Tip Pinch 

    18 months – Age 4                                     Ages 5 – 7                                        Ages 8 - 18 

• Developmentally appropriate activities for young children  
•  Standardized 18 months – 18 years  
•  Object size and shape of each activity was selected to encourage specific grasp styles  

T-GAP Thumb Grasp and Pinch Assessment 









0 Points:  
No grasp or pinch 
Passive stabilization of hand 



1 Point:  
Palmar Grasp, Finger Flexion; No Thumb Use 
 
                                                                         Variation  



2 Points:  
Ulnar Scissor Grasp; No Thumb Use 
                                                                                Variation   



3 Points:  
Radial Scissor Grasp; No Thumb Use 
 
                                                                     Variation  



4 Points:  
Cylindrical Grasp 
                                                                     Variation 



5 Points:  
Lateral Key Pinch 
                                                                     Variation 



6 Points:  
Tip Pinch 
                                                                    Variation 



7 Points:  
Tripod Pinch 
                                                                    Variation 



T-GAP Training: Self Study Format 
Test Kit Handouts are available free of charge:  

https://www.shrinerschildrens.org/en/our-care-providers/wendy-a-tomhave-otr-
14705  

 

• Administration and scoring manual 

• Administration Presentation (Part 1) 

• Photo scoring examples (Part 2) 

• Video scoring examples (Part 3) 

 

 

• Administration and test kits (3 age groups) 

• Score forms (3 age groups) 

• Two page scoring guide 
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Thank you for your attention! 
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