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Introduction 

Arthritis of the thumb trapeziometacarpal (TMC) joint is a common, debilitating problem 

that affects one in four people over the age of 45 with a female predominance. Multiple 

surgical procedures are described for the treatment of this common problem with varied 

results. (1-10) These procedures include ligament reconstruction with tendon 

interposition in conjunction with complete removal of the trapezium, hematoma 

arthroplasty in conjunction with complete trapezium excision, trapezium or metacarpal 

osteotomy, partial removal of the trapezium with ligament reconstruction and 

interposition, implant arthroplasty utilizing varying materials including metal, silicone, 

sutures of different types and degradable polyurethane urea. Reported complications after 

trapezium excision for treatment of thumb TMC arthritis include thumb shortening, 

weakness and hyperextension at the metacarpal phalangeal joint. In addition, joint 

arthroplasties can be complicated by dislocation, biological reaction to the material, and 

implant or bone fracture. (11-19) While many procedures alleviate pain, many do not 

fully restore function and strength. (11, 20) The ideal procedure has not yet been 

described which alleviates pain and preserves thumb length, stability and strength. 

A radiographic surrogate measure of thumb stability is TMC joint gap closure.  (21-25)  

Gap closure is measured as the distance between the distal aspect of the trapezium or 

scaphoid in the case of trapezium excision, and the base of the first metacarpal.  

Clinically, a decreasing TMC joint gap distance after bone resection, also defined as 

proximal thumb migration or metacarpal subsidence, is associated with thumb weakness 

and instability.  While other authors have described partial resection of the trapezium and 

the use of redundant capsular tissue for capsular interposition (7, 24, 26-28) none have 
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included in their technique resection of the base of the metacarpal.  We hypothesize that 

removal of the irregular arthritic surface of the metacarpal base may lead to better 

outcomes with improved pain. In this study, we aimed to compare total trapezium 

resection (TR) to partial trapezium and partial metacarpal resection (PTR) under load in a 

cadaveric model to determine the differences between the two procedures in the gap 

closure of the TMC joint, as a surrogate measure of thumb stability.  We hypothesize that 

the change in the gap width between the base of the metacarpal and the proximal carpal 

bone after PTR will be less than the amount of change in the gap width between the base 

of the metacarpal and the proximal carpal bone after TR.   

Materials and methods 

This study was Institutional Review Board exempt (HRRC#12-106).  Right and left fresh 

frozen cadaveric hands were obtained.   Each pair was randomized to TR or PTR so that 

within each pair the right hand had one procedure and the left hand the other procedure 

performed, which controlled for inherent differences in strength and stability between 

hands in any given individual pair.  Randomization assignment was performed utilizing a 

computer generated random number program.  All TMC joints were imaged prior to 

commencing the study to ensure the joints were free of degenerative changes.  The joints 

were grossly examined during the procedure to ensure no specimens had arthritic changes 

in the joint. 

A custom built testing device was fabricated to stabilize the wrist and palm while 

allowing full motion of the thumb TMC joint.  The hand was mounted in the testing 

device with the thumb in the position of lateral pinch.  We dissected and tagged, utilizing 
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a braided suture locking stitch, the flexor pollicus longus (FPL), abductor pollicus longus 

(APL), abductor pollicis brevis (APB), adductor pollicus(AdP), opponens pollicus (Op) 

and flexor pollicus brevis (FPB). We loaded these six muscles in line with the direction 

of muscle fiber pull as described by Cooney and others.(25-27) The FPL was loaded with 

2.5kg.  The AdP/Op/APB group was loaded with 3kg. The APL, FPB, and EPB were 

each loaded with 1.5kg.(29-31)  (Figure 1)  We loaded each of the thumb TMC joints 

prior to performing the surgical procedures to ensure that there were no baseline 

differences between groups.   

 

Figure 1:  This image represents the specimen, loaded within the jig, with all tendons loaded.  Note the k-

wire markers placed in the first metacarpal and the scaphoid 

Abductor pollicis brevis loaded with 
1.5kg. 

Opponens, flexor pollicus brevis and 
adductor loaded with 3kg. 

Abductor pollicus longus 
loaded with 2.5kg. 

Flexor pollicus longus 
loaded with 2.5kg 
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All procedures were performed by a fellowship-trained hand surgeon. For the both 

groups, we used a dorsal approach to the thumb TMC joint between the abductor pollicus 

longus and extensor pollicus brevis. We elevated, in the subperiosteal plane, the soft 

tissues overlying the proximal third of the thumb metacarpal and trapezium and prepared 

the specimens for bone resection. Prior to cutting the bone, we measured and marked 

with a marking pen the amount of bone to be resected and the trajectory of the cut.  This 

ensured accuracy of bone quantity resection and angle of bone cut.  In the TR group, we 

removed the entire trapezium by sharply cutting soft tissue attachments to the trapezium 

and removing the entire trapezium bone. In the PTR group, we removed 2mm of distal 

trapezium and 2mm of thumb metacarpal base utilizing an oscillating saw and cutting the 

two bones parallel to the joint line.  This created a 4mm gap in the TMC joint.  After both 

the TR and PTR procedures, local capsular tissue was used for interposition graft by 

capturing the dorsal, radial and ulnar capsular tissue and interposing it into the TMC joint 

space with braided non-absorbable suture. We did not capture the flexor carpi radialis or 

the flexor pollicus longus in the interposition.  After removal of the bone and 

interposition of the local capsular tissue, we repaired the dorsal periosteal sleeve 

overlying the base of the metacarpal and distal aspect of the trapezium which we 

carefully preserved during joint exposure. After performing each procedure, the hand was 

loaded into the testing device and the previously described loading technique was 

repeated.   

As a reference for change in gap distance of the TMC joint, we utilized two K-wires 

which we securely embedded into the bone of the first metacarpal base and distal 

scaphoid.  The K-wires were placed free of soft tissue tethers.  A fluoroscan image was 
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taken before and after loading of the joint. Each specimen was loaded three times before 

and after surgery, with an image taken before and after each loading giving a total of 

twelve fluoroscan images per trial. To account for differences in magnification between 

images, a metal sphere of 19.05mm in diameter was used as a calibration marker. We 

utilized the Hough Transform model to calculate the gap distance change in the TMC 

joint.  The Hough Transform model is a program that finds irregular shapes within 

images stored as pixels. (32) In our application, the Hough Transform model was 

programmed to find objects that formed circles or parts of circles within the image, so 

that the program could successfully identify the metal sphere with known diameter.  The 

digital fluoroscan image of the hand was first imported in the program.  The program was 

used to identify all of the circular objects within the image by a red outline and identifies 

the center of all circles with a cross hatch.  We included in all of our images a sphere of 

known size, 19.05mm.  This sphere of known size is converted, by the program, into a 

quantity of pixels giving us pixels per millimeter.  The distance between any other two 

points in the image can then be measured utilizing this conversion factor when a reviewer 

identifies, using calipers, two points on the image.  The program converts the number of 

pixels between two points of interest, in our case the two K-wires, into a distance in 

millimeters.   

In order to evaluate inter-rater reader reliability, utilizing the Hough Transform 

measurement tool, three readers each identified the radius of the metal sphere in each 

fluoroscan image, which provided the conversion factor of pixels/mm.  The second 

measurement obtained by each reader, and calculated by the program, was the distance 
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between the K-wires on the image.  All measurements were obtained independently by 

each reader and blinded to the measurements taken by the other readers.   

Statistical Analysis and Power analysis 

We performed a power analysis prior to conducting this trial utilizing 2 mm as the 

clinically significant difference in gap closure of the thumb trapeziometacarpal joint 

based on previously described functional analysis. (29, 30)  A sample size of eighteen or 

nine matched pairs was adequate to detect a 2mm difference between surgical groups 

with  an  α=0.05  and  Beta  error  of  0.20.   

There were three joint loading trials per specimen before and after the procedure was 

performed on the TMC joint with a total of 648 comparisons.  Three trials were 

performed and the average of these three trials was utilized for statistical analysis to 

control for possible measurement error.  Three readers measured each image from each 

trial.  The StataC/11.0 statistical program was utilized for the analysis. We first evaluated 

the data for systematic bias across readers and across trials using ANOVA.  To determine 

if there was systematic error, ANOVA was utilized to evaluate for interactions between 

readers and between trials; significance was set at P≥ 0.05.  If no bias was encountered, 

we planned to average measurements across trials and reviewers; if bias was encountered 

we planned to analyze the data for each individual reviewer and then compare this mean 

across the three reviewers.  The TMC joint gap change in millimeters was averaged for 

each specimen across the three trials and between the three reviewers.   This gap 

calculation was performed for the native specimens before the procedure was performed 

and after the PTR and TR procedure was performed. A t-test was utilized to compare the 
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gap measurement means between the native specimens and between the TR and PTR 

group.  

Results  

All TMC joints were found free of degenerative changes both on radiograph and on gross 

examination, and the assigned surgeries were successfully completed for all specimens. 

Radiographs after complete resection of the trapezium and after partial resection of the 

first metacarpal base and distal aspect of the trapezium with the K-wires and circular 

calibration marker in place are illustrated in Figures 2 and 3.  The Hough Transform 

model was able to successfully identify the reference sphere of known diameter in all the 

images. 

 

Figure 2: Anterior-posterior view of the thumb carpometacarpal joint after complete resection of the 

trapezium. Note the circular calibration marker in the image.  
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Figure 3:  An example of the fluoroscan image after partial resection of the trapezium and partial resection 

of the metacarpal base. 

 Figure 4 is an example of the flouroscan image after application of the model. The red 

circles within the image represent all circles found by the program within the image; the 

red circle of interest is the enhanced circle around the metal sphere.  Readers were able to 

measure both the radius of the reference sphere and the distance between the tips of the K 

wires, in Figure 4 this is denoted by a white bracket.   
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Figure 4: Hough Transform model to identify all spheres within the image.  The sphere on the image 

denoted by the wide red circle is the sphere of interest.  This sphere is a calibration marker of an exact 

diameter which was used to calculate the number of pixels within the known size of the marker. The 

number of pixels per known size was used to measure the distance between the two k-wires before and 

after loading of the joint denoted by the white bracket. The difference in gap before and after loading the 

thumb was used for the statistical analysis. 

We found no main effect or interaction between reviewers (p=0.98) or between trials 

(p=0.90).  We averaged across trials to illustrate the lack of measured difference in gap 

TMC closures among the three reviewers. (Table 1)  We found no difference between 

gap measurements obtained by each reviewer (t test all with p value > 0.88).  As there 

was no difference in measurements between reviewers or across trails, we were able to 
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average gap difference values across reviewers and trials to compare a single mean pre 

and post TMC joint loading for each specimen.  Baseline gap measurements before and 

after loading of the native thumb TMC joints (before the procedure was performed on the 

specimens) was not different between the two arms of the study (0.82±1.01 mm vs 

0.64±0.93 mm mean gap differences; p=0.24). (Table 2) 

 Reviewer 1 Reviewer 2 Reviewer 3 Anova p-value 

Partial trapezium resection 

Before partial 
trapezium 
resection 

0.9±0.9 mm 0.7±0.8 mm 0.9±0.8 mm 0.92 

After partial 
trapezium 
resection 

2.3±1.8 mm 2.4±1.8 mm 2.6±1.8 mm 0.96 

Total Trapezium Resection 
Before total 
trapezium 
resection 

0.6±0.9 mm 0.7±0.8 mm 0.6±0.8 mm 0.98 

After total 
trapezium 
resection 

4.5±1.6 mm 4.5±1.7 mm 4.4±1.7 mm 0.88 

 

Table 1: This table represents the average in gap closure for each reviewer and for each procedure. There 

was no difference in the measurements among the reviewers in the native specimens, in the partial resection 

group or in the total resection group. 

Following surgery, gap closure differences between the TR and the PTR group were 

different after loading.  There was greater gap closure in the TR group when compared to 

the PTR group. (4.44±1.70 mm vs 2.42±1.92 mm; p=0.03)  The mean difference in gap 

closure between the total and partial resection group was 2 mm (±1.82).  (Table 2) 
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 Partial Resection; 
N=9 

Total Resection; 
N=9 

P-value 

Before Procedure Native 
Joint 

0.8±0.8 mm 0.6±0.8 mm 0.65 

After Procedure 2.4±1.8mm 4.4 ±1.7 mm 0.03 

 

Table 2: This table represents the average in gap closure for each reviewer and for each procedure.   There 

was greater gap closure after total resection of the trapezium when compared with partial resection of the 

trapezium and base of the first metacarpal. 

Discussion 

 We describe a technique of partial trapezium resection and first metacarpal base 

resection with utilization of local capsular tissue interposition for treatment of thumb 

TMC joint arthritis and have tested the gap closure distance of operated joints in 

comparison to total removal of the trapezium. We have demonstrated that in a cadaveric 

model this technique, when compared to complete trapezium excision, results in a smaller 

gap distance change under load. This decrease in gap distance in vitro may be important 

as it may be indicative of a more stable thumb in vivo.  

Strengths of our study include randomization of specimens, the inclusion of a comparison 

group, and meticulous attention to inter-rater reliability of measurements.  To control for 

inherent differences in specimens and that we were unable to attain clinical data for our 

specimens, we randomized each pair of hands to either TR or PTR.  In addition, we 

compared baseline gap differences between groups in order to ensure that specimen 

groups were similar prior to surgery.  Since measurement of gap differences relies on 

identification of points on an image by reviewers, we compared readings across 
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reviewers and across trials to control for these potential differences, and found that there 

were no significant differences between reviewers or trials, making this method of 

measuring gap differences reliable in a cadaveric model.   

Utilizing a cadaveric model is an inherent limitation of this study. Cadaveric tissue can be 

variable in quality and we cannot control for the quality of the tissue between specimens. 

Cadaveric specimens do not have the biological healing which could change the behavior 

of the thumb TMC joint dynamics. Our model allowed for assessment of gap closure in 

the linear plane after axial load and did not assess displacement in the three dimensional 

plane.  In vivo, the thumb TMC joint is subject to load in multiple planes by various 

muscle groups which is not easily reproduced in the laboratory setting. The biomechanics 

of thumb movement joint variable loading and interplay between bone stability and 

muscle stability is not well understood and is an area of further research.   

The reason for less gap closure in the PTR group is unclear.  A large contributor of thumb 

TMC joint stability is the soft tissue envelope which includes muscles, tendons and 

capsule.  (33)  We did not see bone on bone contact after loading of the joint in either the 

PTR group or in the TR group.  However, the removal of the complete trapezium did 

require extensive soft tissue release to completely excise the bone.  This may have 

disrupted the stabilizing soft tissue envelope surrounding the TMC joint leading to 

greater settling under load, which resulted in larger gap closure.  The partial removal of 

the trapezium and metacarpal base required much less soft tissue release.    Less 

disruption of this soft tissue envelope may have led to smaller gap closure distances 

under load. Finally, gap closure is a surrogate measure of thumb stability.  While gap 

closure is found to be increased among individuals with thumb joint arthritis, it is not the 
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only measure of thumb function, and our proposed surgery needs to be evaluated more 

fully in operated patients. 

Our described surgical technique may offer several advantages.   Utilization of local 

capsular tissue for interposition does not require graft harvest which is required in many 

other described surgeries for thumb joint surgery. The capsular tissue after removal of 

4mm of bone from the TMC joint becomes redundant and is adequate for utilization as an 

interposition graft into the created joint space.  Others have shown that removal of the 

trapezium can lead to proximal thumb migration and thumb instability. (11, 20, 25, 28, 

34)  Avoiding removal of the entire trapezium may avoid this complication.  The addition 

of metacarpal base resection may be beneficial in that the irregular, arthritic, eburnated 

bone, a potential pain generator in patients with TMC arthritis, is removed.   

In conclusion, we found in a cadaveric model that partial resection of the distal trapezium 

and first metacarpal base with local capsular tissue interposition led to decreased gap 

closures of the thumb joint under load.    
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