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Introduction

Osteoarthritis (OA) affects the joints of the hand of more than 
2.9 million US adults who are older than 60 years of age.7,19 
OA of the thumb carpometacarpal (CMC) joint most com-
monly occurs in postmenopausal women, affecting more 
than one-third of those older than 65 years.1,27 Symptoms of 
thumb CMC OA include pain at the base of the thumb, swell-
ing and stiffness of the joint, and decreased grip and pinch 
strength. The symptoms can be sufficiently severe that 
patients cannot perform vocational activities or activities of 
daily living and their quality of life may decline markedly.

Surgical treatments for thumb CMC OA include first 
metacarpal osteotomy, trapezial osteotomy, arthrodesis, tra-
peziectomy, ligament reconstruction and tendon interposi-
tion (LRTI), hematoma distraction arthroplasty, bone or soft 
tissue interposition arthroplasty, and joint-replacement 

arthroplasty.4,5,8-11,13,15,21,22,24-26 All these techniques have 
been found to mitigate symptoms and improve function, but 
an “ideal” procedure that not only alleviates pain but also 
preserves the length, stability, strength, and normal function 
of the thumb, while avoiding the morbidity associated with 
tendon harvest, has not yet been established.

Partial trapeziectomy with capsular interposition (PTCI) 
was recently described as a novel treatment for thumb CMC 
OA.18 Development of this procedure stemmed from 
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Abstract
Background: In a cadaveric model, we evaluated thumb metacarpal subsidence, indicated by a decreased metacarpal-to-
scaphoid distance, after 2 surgical procedures used to treat thumb carpometacarpal (CMC) osteoarthritis (OA): partial 
trapeziectomy with capsular interposition (PTCI), which involves removal of 2 mm of both the distal trapezium and base 
of the metacarpal; and total trapeziectomy with capsular interposition (TTCI). Methods: Nine matched pairs of cadaveric 
hands were randomly assigned to undergo either PTCI or TTCI. Preoperatively, physiologic forces were applied across 
the thumb CMC joint by loading 6 tendons, simulating lateral pinch. Anteroposterior radiographs were obtained, and 
the metacarpal-to-scaphoid distance on each image was estimated independently by 3 separate readers using customized 
software. A hand surgeon then performed the PTCI and TTCI procedures, and the measurements under loading were 
repeated. The results were assessed for interrater reliability. Mean values for metacarpal-to-scaphoid distance before 
and after the surgical procedures were compared. Results: Preoperatively, the metacarpal-to-scaphoid distance in the 
PTCI and TTCI groups was not significantly different. Postoperatively, metacarpal subsidence was significantly less in the 
PTCI group (17% compared with 34% for TTCI; P = .05). Conclusions: Metacarpal subsidence occurred after both PTCI 
and TTCI, but significantly less subsidence was observed after PTCI; thus, thumb length was better preserved. Previous 
research has shown an inverse correlation between maintenance of thumb length and overall Disabilities of the Arm, 
Shoulder, and Hand (DASH) score. A procedure for treating thumb CMC OA that preserves thumb length and minimizes 
disruption of stabilizing joint tissue may provide enhanced maintenance of thumb stability and improved patient outcomes.
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studies by Barron and Eaton2 and Mo and Gelberman.17 In 
the former, the authors introduced trapezial arthrotomy with 
minimal bony resection and tendon interposition; in the lat-
ter, this technique was modified to add minimal bony resec-
tion of the base of the metacarpal. Both studies encouraged 
salvage of the trapezium for decreasing the risk of shorten-
ing and subluxation of the thumb, which results from total 
trapeziectomy procedures. The PTCI procedure involves 
removal of the irregular arthritic surface of the metacarpal 
base, resection of only the distal aspect of the trapezium, 
and use of the joint capsule to provide local tissue interposi-
tion. By minimizing hard and soft tissue disruption, this 
technique is theorized to maintain thumb stability as indi-
cated by maintenance of ligamentous tethers and thumb 
length. We report a biomechanical, cadaveric study of this 
technique in which it was compared with total trapeziec-
tomy with capsular interposition (TTCI). Specifically, we 
compared thumb metacarpal subsidence after each opera-
tion. We hypothesized that, compared with TTCI, PTCI 
results in less disruption of bone and soft tissue and there-
fore will experience less metacarpal subsidence under load.

Materials and Methods

Nine matched pairs of fresh-frozen cadaveric hands (5 men 
and 4 women; mean age = 38.5 years [range = 20-54 years]) 
were used for this study. Each pair was randomly assigned 
to the TTCI or PTCI group by using random-number-gener-
ation software. All thumb CMC joints were examined fluo-
roscopically before the study to ensure that they were free 
of degenerative changes.

An aluminum jig was fabricated to stabilize the hand with 
the thumb in the lateral pinch position. With the use of a 
braided-suture locking stitch, the flexor pollicis longus (FPL), 
adductor pollicis (ADD), opponens pollicis (OPP)/flexor pol-
licis brevis (FPB), abductor pollicis longus (APL), and abduc-
tor pollicis brevis (APB) tendons were dissected, tagged, and 
fixed with acrylic thread for physiologic loading. We loaded 
these 6 tendons in line with the direction of pull of the muscle 
fibers.6 The FPL and APL were each loaded with 2.5 kg, the 
ADD/OPP/FPB with 3 kg, and the APB with 1.5 kg (Figure 1). 
To provide a reference for relative metacarpal motion and 
metacarpal-to-scaphoid distance, 2 K-wires were embedded in 
the bone of the first metacarpal base (immediately distal of the 
resection site) and the distal scaphoid. The K-wires were 
placed so that they were free of soft tissue tethers.

Three different readers then estimated the metacarpal-
to-scaphoid distance in all wrists by examining 3 antero-
posterior radiographs for each specimen. To prevent any 
differences in magnification between images from affect-
ing the accuracy of measurements, a 19.1-mm-diameter 
metal sphere was used as a calibration marker. Custom-
designed software using the Hough transform model23 was 
developed to calibrate the linear distance between the ends 

of the K-wires and the known diameter of the sphere 
(Figure 2). This software computes the ratio of the mea-
sured diameter of the sphere to the number of pixels along 
the diameter of the sphere in the radiograph. This informa-
tion is then used to calculate the distance between K-wires, 
which is equal to the metacarpal-to-scaphoid distance 
under applied load.

The randomly assigned surgical procedure (PTCI or TTCI) 
was then performed by a fellowship-trained hand surgeon. The 
TTCI technique was based on the operation described by 
Gervis in 194912 but was modified to include capsular interpo-
sition tissue. The principal steps in the PTCI procedure are 
exposure of the thumb CMC joint by elevating the periosteum 
and APL tendon from the base of the first metacarpal, resection 
of 2 mm of bone from both the base of the first metacarpal and 
the distal aspect of the trapezium, use of redundant local cap-
sular tissue for interposition, and repair of the joint by reefing 
the periosteal flap and APL tendon on the dorsal surface of the 
first metacarpal.18 After the surgical procedures, tendons were 
loaded and unloaded with thumb distraction to encourage set-
tling of bones and soft tissue. Following the fifth load/unload 
cycle, measurements and estimations of metacarpal-to- 
scaphoid distance were performed according to the same pro-
tocol as that used preoperatively.

Statistical Analysis

Before the study, we conducted a power analysis that 
assumed, on the basis of a previous radiographic analysis of 
thumb CMC OA progression,16 that 2 mm would represent 
a clinically important difference in metacarpal-to-scaphoid 
distance. We calculated that a sample size of 9 matched 
pairs was adequate to detect a 2-mm difference between the 
2 surgical groups with α = 0.05 and β = 0.20.

All measurements were done independently by 3 readers 
who were blinded to the measurements obtained by the 

Figure 1.  Cadaveric hand specimen placed in custom-built 
fixture to restrain it during anatomical loading of tendons to 
simulate lateral pinch.
Note. Weighted suture was attached to the flexor pollicis longus, 
adductor pollicis, opponens pollicis/flexor pollicis brevis, abductor 
pollicis longus, and abductor pollicis brevis tendons.
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other 2 readers. The data were assessed for systematic bias 
across readers and specimens by using 3-way analysis of 
variance (ANOVA) and assuming that P ≤ .05 represented a 
significant difference. If no bias was observed, we planned 
to average the values for metacarpal-to-scaphoid distance 
across readers and specimens and use Student t tests to 
compare values for specimens in the TTCI group with those 
in the PTCI group. If bias was observed, we planned to cal-
culate the mean value for each reader and then compare the 
3 means by using 3-way ANOVA.

Results

We observed no main effect or interaction among readers (P 
= .98) or specimens (P = .90) and no significant differences 
among the values for metacarpal-to-scaphoid distance esti-
mated by each reader (P > .88). Because the measurements 
were consistent, we averaged all values across readers and 
specimens.

Preoperatively, there was no significant difference in the 
metacarpal-to-scaphoid distance under applied load between 

the TTCI and PTCI groups (23.13 mm [SD = 3.40] vs. 25.61 
mm [SD = 3.31]; P = .23). Postoperatively, the distance under 
applied load was smaller in the TTCI group compared with 
the PTCI group (15.38 mm [SD = 2.48] vs. 21.30 [SD = 2.72]; 
Figure 3). Overall, the postoperative reduction in metacarpal-
to-scaphoid distance was significantly larger in the TTCI 
group (7.75 mm [SD = 3.09] vs. 4.28 mm [SD = 3.25]; 34% 
vs. 17%; P < .001), indicating that metacarpal subsidence was 
greater. Figure 4 shows representative images of post-TTCI 
and post-PTCI specimens. In the post-TTCI specimen (Figure 
4), the thumb metacarpal subsided to a point near the scaphoid 
as a result of excision of the trapezium. In the post-PTCI spec-
imen (Figure 4), the remainder of the trapezium was inter-
posed between the metacarpal and scaphoid, so thumb 
metacarpal subsidence was minimal.

Discussion

In a cadaveric model, PTCI resulted in significantly less 
metacarpal subsidence under simulated lateral pinch than 
did TTCI. Maintenance of thumb length has been reported 

Figure 2.  Custom software showing implementation of the Hough transform model for the identification of the spherical marker in 
the field of view.
Note. The software computes the ratio of the known diameter of the sphere to the number of pixels along the diameter of the sphere in the 
radiograph. It then uses this information to calculate the distance between K-wire tips to estimate metacarpal-to-scaphoid distance. The red circles 
indicate areas identified by the software as regions forming an arc. The sphere is isolated from these circles.
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to inversely correlate with overall Disabilities of the Arm, 
Shoulder, and Hand (DASH) scores and specific DASH 
questions involving high-strength activities.25 It is possible 
that PTCI may result in improved patient outcomes as mea-
sured by DASH because of postoperative thumb length 
maintenance, but a clinical study of PTCI with 2-year mini-
mum follow-up would be required to support this argument. 
To date, no studies investigating surgical treatment for 
thumb CMC OA have found a direct correlation between 
thumb shortening and reduced grip strength or pinch 
strength. However, a self-perceived improvement in symp-
toms when performing high strength pinch or grip activities 
as measured by the DASH may be indicative of an improve-
ment of the upper extremity as an overall functional unit.14

Our results with respect to subsidence of the thumb 
metacarpal after total excision of the trapezium are similar 
to those in the cadaver study by Yao et al,28 who measured 
the distance from the metacarpal base to the distal surface 
of the trapezium before and after total trapeziectomy and 
suspension of the metacarpal with either a K-wire or suture-
button device. The mean loss in space height was 12.8 mm 
in the K-wire group (n = 10) and 13.2 mm in the suture-
button group (n = 10). We found a loss of 7.75 mm after 
TTCI including capsular interposition. It is important to 
note that Yao et al did not use interposition material. Our 
findings are also comparable with those of a cadaveric 
study comparing the trapezial space height of 3 common 
treatments for thumb CMC OA: trapezial excision alone, 
trapezial excision and suture suspensionplasty (TESS), and 
trapezial excision followed by LRTI.20 This group reported 
a statistically significant loss in height for all procedures, 

with the TESS procedure resulting in the least loss in trape-
zial space height (3 mm). We found a difference of 4.28 mm 
after the PTCI procedure.

The limitations of our study include the possibility that 
variations in the quality of the cadaveric tissue influenced 
our results. However, we think that our use of a matched-
pairs study design reduced effects commonly attributed to 
variations in tissue quality, joint incongruity, and morpho-
logic characteristics. In addition, randomization controlled 
for inherent differences in strength and stability between 
the hands in any given pair. Another possible limitation 
was that cadaveric specimens do not undergo the biologic 
healing that could change thumb CMC joint dynamics and 

Figure 3.  Mean metacarpal-to-scaphoid distance for TTCI and 
PTCI specimens under applied load.
Note. There was no significant difference between the 2 groups 
preoperatively. However, there was a significant difference between 
the 2 groups in metacarpal-to-scaphoid distance postoperatively, with 
the TTCI group showing greater metacarpal subsidence. TTCI, total 
trapeziectomy with capsular interposition; PTCI, partial trapeziectomy 
with capsular interposition.

Figure 4.  Representative images obtained after TTCI and PTCI 
in a cadaveric model simulating lateral pinch.
Note. (A) In the post-TTCI specimen, the thumb metacarpal has 
subsided to a point near the scaphoid as a result of excision of the 
trapezium. (B) With PTCI, only the diseased articular surfaces of the 
metacarpal and trapezium are removed, leaving the remainder of the 
trapezium interposed between the metacarpal and scaphoid; therefore, 
thumb metacarpal subsidence is minimal. TTCI, total trapeziectomy 
with capsular interposition; PTCI, partial trapeziectomy with capsular 
interposition.
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subsidence results. Clinical studies have shown that initial 
postoperative measures of subsidence are less than those 
taken at a minimum 2-year follow-up.4,25 It is possible that 
long-term follow-up of PTCI in patients may show 
increased subsidence. Therefore, our results would most 
closely compare with immediate postoperative clinical 
findings of thumb subsidence. A clinical study on PTCI 
may also help reveal the long-term effects of bony 
impingement on the redundant tissue between the rough 
surfaces of the metacarpal and trapezium. Furthermore, 
we used cadaveric specimens from younger persons (mean 
age at death = 38.5 years) to limit the possibility that age-
related conditions affected the biomechanical results. Our 
study was focused on baseline measurements of metacar-
pal-to-scaphoid distance in matched pairs, and we there-
fore wanted to avoid the possibility that adjacent joint 
arthritis or compromise of ligaments associated with 
thumb CMC OA would affect these measurements. Finally, 
it is important to note that removal of the entire trapezium 
in the TTCI technique would require removal of local liga-
mentous tissue attachments on the trapezium. Interposition 
was achieved by suturing the ligamentous attachments 
that remain on the metacarpal base to the deep capsular 
tissue, subsequently adding a level of stability and limit-
ing subsidence. Yet, the TTCI procedure would be less 
stable and thereby represents a worst-case-scenario com-
parison to the PTCI technique.

In conclusion, in a cadaveric model under lateral pinch 
load, PTCI resulted in less proximal metacarpal subsidence 
and better maintenance of thumb length than TTCI. In addi-
tion, PTCI, unlike TTCI, retains all soft tissue tethers. In 
fact, the technique of reefing the periosteal flaps corrects 
for existing joint subluxation, thus enhancing stabilization 
of the joint. Moreover, PTCI does not require implants such 
as Artelon spacers, which have been shown to cause more 
pain and less satisfaction in patients compared with trapezi-
ectomy using LRTI.3 Avoiding implants and allograft inter-
position material may minimize the technical demand of the 
surgical procedure and possibly improve success of the 
treatment. Finally, PTCI does not require tendon harvest, so 
harvest-site morbidity is avoided. We submit that the PTCI 
technique merits further investigation to determine whether 
its clinical outcomes are comparable with or superior to 
those of commonly used surgical procedures to treat thumb 
CMC OA.
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