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A B S T R A C T

Background and aim: Hyperextension instability of the metacarpophalangeal (MCP) joint of the thumb

may result in pain, malfunction, and accelerated osteoarthritis in the carpometacarpal (CMC) joint. One

method of treatment is sesamoid arthrodesis. The aim of this study is to investigate if a sesamoid transfer

as a treatment of hyperextension instability of the thumb MCP joint leads to an altered distribution of the

subchondral mineralisation and a negative clinical outcome.

Methods: Sesamoid transfer was performed on 12 patients with hyperextension instability of the MCP

joint of the thumb. The range of motion (ROM) and radiologic outcome were assessed. Pinch and power

grip strength were measured and compared to the nonoperated side.

To determine the areas of maximum subchondral mineralisation in the joint, computed tomography

(CT)-osteoabsorptiometry was performed to determine the long-term stress distribution within the

joint.

Results: The distributions of the stress zones in the operated and nonoperated thumbs were not

statistically different a median of 5 years following the sesamoid transfer procedure. There was no

difference in the functional and radiological results between the operated and nonoperated thumbs.

Conclusion: If it is assumed that the nonoperated thumb represents the normal condition for each

individual, then it may be deduced that the operation achieves good clinical results, and the distribution

of the subchondral mineralisation does not change.

� 2015 Elsevier Ltd. All rights reserved.
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Introduction

The thumb metacarpophalangeal (MCP) joint is essential to
normal function, as it bears most of the mechanical stress in the
first ray [1]. Hyperextension instability may result from a variety of
causes, including trauma and degenerative changes [2–5]. This
may cause pain, malfunction, and accelerated osteoarthritis in the
MCP joint in addition to consecutive osteoarthritis in the
carpometacarpal (CMC) joint [4,6].

There are a variety of surgical procedures to treat hyperexten-
sion instability of the MCP joint by reinforcing the palmar capsule
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using the tendon of the extensor pollicis brevis [1,7] and sesamoid
arthrodesis [5–8].

This study reports on the use of sesamoid arthrodesis
in 12 patients with hyperextension instability of the thumb
MCP joint. The radial sesamoid bone with the attached musculus
(M.) flexor pollicis brevis was transferred to the base of the
proximal phalanx acting as an active stabilizer against hyperex-
tension [5].

Computed tomography (CT)-osteoabsorptiometry (OAM) is a
noninvasive in vivo tool for the examination of subchondral bone
mineralisation patterns of joints. In contrast to conventional in
vitro techniques, it presents a reproduction of an area in living
subjects to interpret load patterns in the joint surface. The
distribution of mineralisation of the subchondral bone plate
represents the loading history of a joint and is, therefore, a useful
supplement to direct measurements of loads and theoretical
models [9]. Inspired by Wolff and Pauwels, who first showed that
morphologic changes of the bones are stress dependent, other
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authors confirmed a relationship between stress and the sub-
chondral bone of diarthrodial joints [10–13]. This approach has
been applied, for example, in the follow-up of the treatment of
Bennett’s fractures [14] and measurement of ankle stress after
total ankle arthroplasty [15].

The aim of this study was to investigate the effects of sesamoid
transfer on loading of the joint surface and clinical outcomes.
A long-term follow-up was conducted in human MCP joints by
CT-OAM examination to investigate if a sesamoid transfer led to an
altered load distribution within the joint and negative clinical
outcomes or symptomatic degenerative osteoarthritis.

Methods

Patients

Between 2003 and 2011, sesamoid bone transfer procedure was
performed on 19 patients (13 women and 6 men). Two patients
had moved away and were therefore not reachable. One patient
was pregnant at the time of the investigation and had to be
excluded due to the planned CT and X-ray measurements. Three
patients refused to come because of personal reasons. One patient
was excluded, as both thumbs were treated, so that a control side
was missing. The study was performed on the remaining
12 patients, including 10 with nontraumatic chronic instability
and two with posttraumatic long-standing instability. These
patients complained of reduced thumb dexterity during their
daily activities and work. The persisting impairment of thumb
function and strength in these patients was the indication for
surgery. Hyperextension instability was diagnosed clinically and
verified by stress view in X-rays. The indication for sesamoid
transfer was hyperextension instability of at least 308 in the MCP
joint (Fig. 1).

The ROM of the interphalangeal (IP), MCP, and CMC joint of both
hands were assessed for each patient, using Biometrics Hand
Evaluator (Biometrics Ltd, E-Link H599 HZ and Kit and R500 ROM
Kit) [16]. The mobility of the thumb in opposition was measured
using a goniometer to determine the angle between the retro-
position and the opposition of the first metacarpal bone in
reference to the fixed hand [17]. The rotation was also graded
by the Kapandji index ranging from 1 to 10 [18]. Using a
dynamometer, fist grip, pinch grip between thumb and all fingers,
and key pinch were measured for both hands (Biometrics Ltd.).
Each hand was measured three times counter-wise. All patients
answered the questions of the functionality part of the Disabilities
of the Arm, Shoulder, and Hand (DASH) questionnaire (30 ques-
tions; 0 points = no complaints; 100 points = worst possible
Fig. 1. Stress side view X-ray with hyperextension more than 308 in the

metacarpophalangeal joint. 
outcome). A visual analogue scale (VAS) was used to assess the
intensity of pain in the hands (VAS pain). It ranges from 0 (no pain)
to 100 (maximum pain) and was recorded by the patients.
Obtained results were compared to the uninjured contralateral
side.

Preoperative anterior–posterior, lateral, and stress radiographs
were obtained of both thumbs (Philips Digital Diagnostics and
Philips Bucky Diagnostics, Amsterdam, Netherlands). Postopera-
tive anterior–posterior and lateral radiographs were obtained to
assess the stage of osteoarthritis in the MCP according to the
Eaton–Littler classification, where stage I corresponds to no
osteoarthritis, stage II to osteophytes <2 mm, stage III to
osteophytes >2 mm and narrowing of the joint space, and stage
IV to disappearance of the joint space [3].

The Ethics Committee of Medical University Innsbruck on
23.02.2012 approved the study protocol.

Surgical procedure

The MCP joint of the thumb was approached through a curved
palmar approach beginning with the ulnar side of the IP joint,
crossing the proximal phalanx to the radial side of the MCP joint,
and finally following the first metacarpal bone on the radial side
proximally (Fig. 2).

The neurovascular bundles were identified and protected. The
radial sesamoid bone was mobilised with the attached M. flexor
pollicis brevis. After removing the cartilage of the sesamoid bone,
the tendon of the M. flexor pollicis longus was pulled to the ulnar
side, exposing the base of the proximal phalanx. A groove for the
sesamoid bone was created at the base of the proximal phalanx
(Fig. 3). A central hole for the screw was then drilled in the
sesamoid bone. Finally, the sesamoid bone with the M. flexor
pollicis brevis was passed under the radial neurovascular bundle
and fixed with a screw into the groove of the proximal phalanx
(Fig. 4). Postoperatively, the thumb was immobilised for 4 weeks
with a lower-arm splint including the IP joint. The MCP joint was
held in 108 flexion, while the IP joint was held in full extension.
Physiotherapy was started after removing the splint. Full load
bearing, hard manual work, and sport activities were not permitted
for 8 weeks [19].
Fig. 2. Incision for palmar approach to the sesamoid bone.



Fig. 3. Sesamoid bone without cartilage and drill hole for the screw. Phalanx with

prepared hole for sesamoid fixation.
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CT scans of both MCP joints were performed with the patients
lying in a neutral position with both arms maximally abducted in
the shoulder joint and positioned parallel to the body axis. CT scans
were taken in the sagittal plane of the forearms (GE Discovery
750 HD; GE Healthcare Ltd., Chalfont St Giles, England) with a slice
thickness of 0.625 mm at 80 kV and 4 mAs for three-dimensional
reconstruction.

After the transfer of CT data sets to an image-analysing system
(Analyse 10.0; Mayo Clinic, Rochester, MN, USA), CT-OAM was
performed. A three-dimensional image of the whole joint was first
portrayed, and the joint surface was then visualised looking
directly towards it. Second, the subchondral bone plate in each
section was isolated and reconstructed three dimensionally. For
three-dimensional reconstruction, the original Dicom files were
converted from a 16 Bit (1500–3000 Hounsfield units) to an 8-bit
file (0–255 Grey scales/intensity scales). The maximum bone
density was projected onto the articular surface, and the degree of
mineralisation was assessed in steps of 10 intensity scales and
converted into a false colour picture. Finally, an image of the
Fig. 4. Sesamoid fixated with a screw and sutures between the flexor pollicis brevis

and abductor pollicis muscle.
subchondral bone density was projected onto the image of the
corresponding bones. To determine the areas of maximum bone
density, the joint surface was subdivided into nine anatomic
regions described by Ateshian at the CMC joint (Fig. 5) [20]. Fig. 6
shows the images for the operated joint surfaces of the proximal
phalanx and the nonoperated joint surfaces of the proximal
phalanx. Fig. 7 shows the corresponding metacarpal head joint
surfaces of the operated and nonoperated side.

Statistics

All values are expressed as median, minimum and maximum, or
percentages. Continuous paired-sample comparisons were per-
formed using the Wilcoxon test, while the chi-squared test was
used for discrete group comparisons. p-values <0.05 are consid-
ered statistically significant. All statistical computations were
performed with SPSS Version 20 (IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.)
or SPSS Version 21 (IBM Corp. Released 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp.).

Results

The study reports on 12 patients, four men (33.3%) and eight
women (66.7%), who were treated with the sesamoid bone transfer
for hyperextension instability of the MCP joint during the period
between 2003 and 2011. The mean age at the time of surgery was
46.3 years (range, 15–67 years). Four patients (33.3%) were
operated on the right and eight (66.7%) patients on the left thumb.
The dominant hand was involved in five patients. Mean follow-up
time was 5.3 years (range, 3–10 years).

The clinical parameters are presented in Table 1. There were no
significant differences in the ROM, Kapandji index, strength, DASH
score, and pain between injured and uninjured side at the time of
final follow-up. In the preoperative X-rays, only one patient
showed signs of osteoarthritis. At follow-up, two patients had
stage 2 osteoarthritis on the operated side and one patient on the
nonoperated side. No osteoarthritis was found for all other
thumbs.
Fig. 5. The base of first proximal phalangeal bone with subdivision into nine

anatomic regions described by Ateshian at the carpometacarpal joint.



Fig. 6. The operated and non-operated proximal joint surface of the proximal

phalanx.

Table 1
Clinical mean values (min/max).

Final follow-up

(min/max)

Contralateral

side (min/max)

p

Extension IP (8) 28 (20/45) 29 (14/39) 0.19

Flexion IP (8) 66 (48/88) 67 (48/88) 0.52

Extension MCP (8) 10 (0/37) 12 (0/31) 0.21

Flexion MCP (8) 48 (30/62) 49 (39/60) 0.32

Palmarduction (8) 46.6 (25/70) 47.9 (35/60) 0.57

Radialduction (8) 46.1 (30/80) 47.5 (30/65) 0.54

Arc of opposition (8) 48.1 (30/70) 53.6 (30/80) 0.31

Kapandji-index 9.5 (7/10) 9.8 (9/10) 0.32

Fist grip (kg) 43 (10/74) 51.2 (18/80) 0.85

Pinchgrip D1–D2 (kg) 6.6 (1.2/9.8) 7 (2.2/11) 0.26

Pinchgrip D1–D3 (kg) 6.4 (1/10) 6.3 (1.8/10) 0.81

Pinchgrip D1–D4 (kg) 4.3 (0.5/7.2) 6.6 (0.5/35.0) 0.41

Pinchgrip D1–D5 (kg) 3.2 (0/5.5) 3 (0/5.5.) 0.56

Keypinchgrip (kg) 9.25 (2.8/14) 9.6 (2.8/14) 0.46

DASH 12.2 (0/74)

VAS 0.25 (0/3)
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Table 2 summarises the intensity scale values for the joint
surface of the proximal phalanx. Figs. 6 and 7 demonstrate the
examined joint areas. In four quadrants (1, palmar radial (p = 0.02);
5, central central (p = 0.03); 7, dorsal radial (p = 0.00); 8, dorsal
central (p = 0.03)), there were significant differences of subchon-
dral mineralisation in the operated and uninjured contralateral
thumbs.

Table 3 summarises the intensity scale values for the joint
surface of the head of the first metacarpal bone. In two quadrants
(7, dorsal radial (p = 0.02); 8, dorsal central (p = 0.00)), there were
significant differences of subchondral mineralisation in the
operated and uninjured contralateral thumbs.

In the operated thumb, the quadrant with the highest degree of
mineralisation was quadrant 4 (radial central) on the joint surface
of the proximal phalanx, with a median of 172 greyscale units
(min. 168/max. 182). In the nonoperated thumb, the quadrant with
the highest degree of mineralisation was also quadrant 4, with a
median of 181 greyscale units (min. 161/max. 195).

In the joint surface of the head of the first metacarpal bone, the
quadrant with the highest degree of mineralisation was quadrant 7
(dorsal radial) of the operated thumb, with a median of 169 grey-
scale units (min. 148/max. 182).

In the nonoperated joint surface of the head of the first
metacarpal bone, the quadrant with the highest degree of
mineralisation was again quadrant 7, with a median of 178 grey-
scale units (min. 163/max. 196).

In total, the distribution of areas with highest mineralisation in
the operated and nonoperated thumbs was statistically not
different (p = 0.702).

Discussion

This study was performed to investigate if a sesamoid
arthrodesis led to an altered distribution of the maximum bone
Fig. 7. The corresponding metacarpal-head joint surface of the operated and non-

operated side.
density areas (using CT-OAM examination) and negative clinical
outcomes or symptomatic degenerative osteoarthritis. The surgical
method used in this study might change the anatomy and the
pressure distribution within the joint, leading to a nonanatomic
reconstruction.

After a mean time period of 5.4 years, there were no significant
differences in the ROM, grip and pinch strength, Kapandji index,
DASH score, and pain between operated and nonoperated thumbs.

Subchondral bone mineralisation was measured by CT-OAM,
which can be used to identify areas of stress, as these correspond to
areas of high bone mineralisation [21,22]. No other author used
this method for follow-up investigations after stabilisation
operations in MCP joint instability. In both operated and
nonoperated thumbs, the quadrant of maximum subchondral
bone intensity was quadrant 4 (central radial), and the quadrant of
minimum subchondral bone intensity was quadrant 3 (palmar
ulnar). There was no statistical difference between the operated
and nonoperated thumbs.

In four quadrants (1, 5, 7, and 8), there were significant
differences between the pressure distribution in the operated and
nonoperated contralateral thumbs. However, these differences
were of no clinical importance, as they were all minor and
specifically exhibited less loading in the operated thumb.

Some authors showed that developing arthritis could very
rapidly cause a change in the subchondral plate [23]. Using the
technique of CT-OAM, this study used the subchondral plate of the
MCP joint to draw conclusions about the long-term stress
distribution. The influence of dominant and nondominant hand
was not considered.

In each patient, the quadrant with the greatest mineralisation
was selected – that is, that with the highest load. The p-values were
Table 2
Mean values (min/max) of intensity projection of the proximal phalanx joint area.

Designation Operated

thumb

Non-operated

thumb

p-Value

Quadrant 1 Palmar radial 167 (156; 173) 172 (161; 198) 0.02

Quadrant 2 Palmar central 144 (135; 159) 143 (138; 153) 0.72

Quadrant 3 Palmar ulnar 139 (130; 152) 135 (127; 155) 0.75

Quadrant 4 Central radial 172 (168; 182) 181 (161; 195) 0.50

Quadrant 5 Central central 163 (155; 168) 164 (157; 179) 0.03

Quadrant 6 Central ulnar 147 (138; 156) 147 (137; 167) 0.40

Quadrant 7 Dorsal radial 149 (143; 168) 163 (151; 177) 0.00

Quadrant 8 Dorsal central 161 (154; 175) 173 (156; 188) 0.03

Quadrant 9 Dorsal ulnar 148 (140; 160) 142 (132; 166) 0.65



Table 3
Mean values (min/max) of intensity projection of the first metacarpal joint area.

Designation Operated

thumb

Non-operated

thumb

p

Quadrant 1 Palmar radial 160 (147; 178) 160 (154; 176) 0.58

Quadrant 2 Palmar central 153 (141; 158) 153 (140; 163) 0.87

Quadrant 3 Palmar ulnar 140 (133; 149) 143 (133; 150) 0.58

Quadrant 4 Central radial 166 (157; 182) 169 (161; 177) 0.44

Quadrant 5 Central central 155 (146; 172) 153 (148; 171) 0.37

Quadrant 6 Central ulnar 148 (141; 160) 155 (145; 163) 0.22

Quadrant 7 Dorsal radial 169 (148; 182) 178 (163; 196) 0.02

Quadrant 8 Dorsal central 141 (134; 155) 157 (143; 171) 0.00

Quadrant 9 Dorsal ulnar 146 (127; 159) 145 (138; 162) 0.13
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0.083 and 0.120, indicating that there were no significant
differences between the two sides. Thus, the main loading zone
was not quantitatively influenced by the operation.

For the joint surface of the proximal phalanx base, the pressure
maxima were distributed over quadrants 1, 2, 4, and 8 on the
operated side and over quadrants 1, 4, and 8 on the nonoperated
side. For the joint surface of the head of the first metacarpal bone,
the maxima were distributed over quadrants 1, 4, 5, 6, and 7 on the
operated side and quadrants 4 and 7 on the nonoperated side. The
p-values of 0.702 for the base of the proximal phalanx and 0.466 for
the head of the metacarpal bone show that there was no significant
difference in the distribution of the long-term stress distribution
within the joint.

For the distal joint areas, the main loading zones on both sides
are central radial and radial palmar (quadrants 1 and 4). With the
use of CT-OAM, the study could prove that sesamoid transfer does
not change the long-term loading within the MCP joint.

The ROM in the MCP joint was almost identical in the treated
and untreated thumbs. The sesamoid bone transfer could improve
the hyperextension in the MCP joint.

Even though the patients in this study could, compared to other
studies, postoperatively extend 108 in the MCP joint, it is still
considered to be superior to postoperative flexion contraction. This
is corroborated by the fact that extension of 128 is also physiologic
on the nonoperated side, so that the ROM is essentially identical for
the two hands.

Finally, the DASH score was determined to evaluate the
restrictions in daily life. The median value was 10 points, which
indicates a highly satisfying result.

It is not possible to compare our results directly with those of
other studies on the postoperative result of sesamoid bone transfer
or palmar capsulodesis [4], as all these studies compared
preoperative and postoperative values of ROM. As this study
was retrospective, it could not determine the preoperative values
of our patients. Our comparison was based on the healthy
contralateral side. Indeed, some authors favoured this procedure,
as the interlateral differences are smaller than the interindividual
differences [23]. Another group also considered that it was better
to evaluate the ROM by comparing the healthy contralateral side,
as the ROM decreases with age [24].

Most studies are restricted to the ROM of the MCP joint. The IP
joint, the thumb CMC joint, and the strength were generally not
considered in the compared studies. With sesamoid bone
arthrodesis on the metacarpal neck in nine patients, Mascharka
succeeded in correcting mean preoperative hyperextension
instability of 378 to postoperative 68 extension deficit. However,
in comparison with the opposite side, there was an extension loss
of 128 [25].

Kessler achieved stabilisation by tightening the tendon of the
volar capsule with the M. extensor pollicis brevis tendon. All
11 patients initially exhibited a flexion contraction, which was
retained in two patients. In nine patients, this improved over
time to 08, and two patients suffered a relapse to the
hyperextension of 208. In nine patients, the ROM was 25–408
and in two only 108 [1].

Mascharka et al. described nine patients with hyperextension
instability of the MCP joint treated with sesamoid bone arthrodesis
to the metacarpal head. Mean hyperextension of 378 was
decreased to �68 in comparison to the nonoperated thumb
[25]. Our results showed more physiological results compared
to the nonoperated side.

Our study has some limitations: First, because of its retrospec-
tive design. Second, the small number of patients. Due to the long-
term follow-up investigation, 7 of the 19 treated patients could not
be reached for a final follow-up investigation. In general, isolated
hyperextension instability of the thumb MCP joint is a rare
condition. It is more often recognised in combination with CMC
osteoarthritis. The number of treated patients in other studies is
similarly less to our investigation. Kessler reported on 11 patients
with volar capsule reinforcement [1]. Eaton and Floyd included
13 patients with capsulodesis [4].

Further studies are needed to gain more detailed information,
for example, to compare this method with other operation
methods using CT-OAM.

Conclusions

The long-term results of this study show that the sesamoid
transfer corrects hyperextension instability, leading to 97%
range of flexion–extension arc, 97% Kapandji index, and 84%
strength of the thumb compared to the uninjured contralateral
thumb. CT-OAM demonstrated that sesamoid transfer did not
change any loading distribution within the joint and leads to
anatomic reconstruction of the MCP joint. There were no
differences in strength, ROM, pain, and DASH score between the
operated and the nonoperated hand. The findings showed that
sesamoid bone transfer is a promising treatment for hyperex-
tension instability.
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