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ABSTRACT:
Study Design: Retrospective case series.
Introduction: When conservative modalities and therapies fail

to control symptoms of thumb carpometacarpal (CMC) joint oste-
oarthritis, surgery may be indicated.

Purpose of the Study: To present a rehabilitation protocol used
in a series of patient cases after suspension arthroplasty and to
evaluate outcomes.

Methods: Twenty-seven patients with CMC osteoarthritis were
treated by the same arthroplasty technique and the same rehabili-
tation program. Patients were evaluated before and 12thweek after
surgery, and at the last follow-up using a visual analog scale; the
Disability of the Arm, Shoulder, and Hand questionnaire; strength
measurements; range of motion evaluations; and radiographic
assessment.

Results: Average follow-up period was 31.5 months. There was
a decreasing trend in both subjective scores during follow-ups
(p¼ 0.0001). Thirty-three percent and 30% improvements on radial
and palmar abductions, respectively, and 29% improvement on
pinch strengths were recorded at the final follow-up. Postoperative
grip improvement was not preserved at the last follow-up.

Conclusions: The results demonstrate a high degree of patient
satisfaction suggesting the efficacy of this surgical technique and
postoperative rehabilitation protocol.

Level of Evidence: Level 4.

J HAND THER. 2012;25:374–83.
Osteoarthritis of the thumb carpometacarpal
(CMC) joint is a common cause of major functional
hand disabilities with pain and swelling over the
base of the thumb often associated with deformity,
instability, and limited range of motion (ROM).
It primarily affects postmenopausal woman.1e4

When conservative treatment modalities such as the
use of orthotics, thenar strengthening exercises,
nonsteroidal anti-inflammatorymedications, and ste-
roid or viscosupplementation injections into the joint
fail to control the pain and improve the limitation of
function associated with radiographic deterioration
of this disease, surgical treatment may be indica-
ted.5e8 Numerous surgical techniques have been de-
veloped, including arthrodesis, silicone-implant
arthroplasty, total joint arthroplasty, and trapezium
resection arthroplasties. Although simple trapezium
resection provides excellent pain relief, it may result
in shortening of the thumb osteoarticular column as-
sociated with adduction deformity, weakness, and
the stiffness.1,9e11 To stabilize the thumb base and ad-
dress the trapezial void created by trapeziectomy, a
ligament reconstruction and tendon interposition
(LRTI) technique, called suspension arthroplasty,
was described. Although various techniques of sus-
pension arthroplasty have been performing in which
the tendons of flexor carpi radialis (FCR), abductor
pollisis longus, or extensor carpi radialis longus can
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be used, resection of total or some part of trapezium
and ligament reconstruction using the FCR tendon
is one of the most well-known procedures. In this
technique, the trapezium is excised to remove painful
arthritic joint surface; the distally based total or half of
the FCR tendon is used to reconstruct the beak liga-
ment and to restore the transverse stability; and the
rest of this tendon is used as a tissue interposition of
the trapezial void to reduce the likelihood of proximal
migration of the thumb column.9,12,13

Conservative treatments, including orthotic immo-
bilization, have been well described in the literature.
In addition, effectiveness of the surgery of LRTI with
the subjective and objective outcomes has been
reported in multiple studies.5e8,13,14 However, there
is no specific postoperative rehabilitation protocol
described for a specific LRTI technique. This study
defines our rehabilitation protocol and describes the
functional and radiological results in a series of pa-
tients after suspension arthroplasty with total trape-
zium resection and LTRI using half of the FCR
tendon in the first CMC joint osteoarthritis.
FIGURE 1. Classic radiographic signs of stage III osteoar-
thritis with joint space narrowing, prominent osteophytes,
and moderate subluxation the carpometacarpal joint
(arrow).
METHODS

Twenty-three consecutive patients (21 women and
2 men) with 27 thumbs who had CMC joint arthritis
were treated in our institution between March 2004
and October 2010. The patients were involved in a
prospective data collection effort; however, variables
and evaluation parameters have been defined retro-
spectively after database research was initiated.

After examination of the patients and evaluation of
the radiographic findings, surgical treatment option
was considered by hand surgery and rehabilitation
team in those patients for whom all the conservative
modalities had failed and who continued to have
pain over the first CMC joint and loss of strength and
motion of the thumb that limited their active daily
living. The average age of the patients was 63.5 years
(range: 30e83 years) at the time of surgery. There
were four bilateral cases. The dominant hand was
involved in 13 patients and nondominant in 14. Mean
duration of symptoms was 12.6 months (range: 6e36
months). None of the patients had a previous thumb
surgery. In addition, excluded from the study were
patients with rheumatoid arthritis, gout, or cervical
radiculopathy. Positive physical findings were a
grinding test reproduction of symptoms, joint crep-
itance, deformity, and limited ROM of the first ray.
According to EatoneLittler classification system,1

radiographic assessments showed stage III in 18
thumbs and stage IV in 9 thumbs (Figure 1).
Additional procedures performed at the time of sur-
gery included carpal tunnel release (three patients),
trigger release (three patients), de Quervain tenosyn-
ovitis surgery (two patients), and extensor pollicis
brevis tenodesis for the first metacarpophalangeal
(MP) joint reconstruction (one patient).

All the patients were evaluated subjectively and
objectively before the surgery (preoperatively), at the
end of 12th week after surgery (postoperatively), and
at the final follow-up. Subjective measures included
pain evaluation using visual analog scale (VAS), and
physical function status using Disability of the Arm,
Shoulder, andHand (DASH) questionnaire in Turkish
version score. The VAS scale ranges from zero (no
pain) ten (severe pain). Strengthmeasurements, ROM
evaluations, and trapezial height measurements
based on the radiographic views were the objective
parameters. Grip strength measurements were per-
formed using a dynamometer in kilogram force
(Jamar manual dynamometer; Sammons Preston
Rolyan; USA), lateral pinch strength using a pinch
gauge in kilograms (Jamar manual pinchmeter,
Sammons Preston Rolyan, USA), and ROM evalua-
tions using a standard goniometer. The ability to
oppose the thumbwas evaluatedwith Kapandji score
indicating the scores from zero (the tip of the thumb at
the base of the index finger) to ten (tip of the thumb at
the base of the little finger).15 Standard anteroposte-
rior radiographs of the thumbs were obtained tomea-
sure the height of the trapezium and the trapezial
space preoperatively, postoperatively, and at the final
follow-up. The distance between the distal margin of
the scaphoid and the base of the first metacarpal
was measured in millimeter.16
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Statistical Method

Statistical calculations were performed with NCSS
2007 statistical software (Number Cruncher Statistical
System, Kaysville, UT, USA) program for Windows.
Besides standard descriptive statistical calculations
(median, interquartile range [IQR], mean, and stan-
dard deviation), treatment group Friedman’s test was
used to determine the differences in measurement at
each time point; post hocDunn’smultiple comparison
test was used in the comparison of time subgroups.
Statistical significance levelwas established at p-value
less than 0.05.

Surgical Summary

The surgical technique performed in our patients
was a modification of the LRTI arthroplasty, which
was originally developed by Burton and Pellegrini.12

The entire trapezium is excised through the volar in-
cision in between first metacarpal bone and the the-
nar muscles to remove diseased joint surface. The
FCR tendon is then exposed by making another cur-
vilinear incision over it. Half of it is prepared as a dis-
tally based split tendon by cutting proximally from
the main body and protecting distally to the base of
the second metacarpal at the level of insertion point.
After a bony tunnel is created at the first metacarpal
base, split tendon strip is passed through this tunnel
and fixed using a bony anchor under appropriate ten-
sion to reconstruct the beak ligament, to restore the
transverse stability, and to suspend the whole first
ray. The remnant free end of this strip is then rolled
into an anchovy and placed in space between the
scaphoid and the base of the thumb metacarpal as
FIGURE 2. Surgical summary 1: The design of incisions in the
trapezium through the distal incision (B). Bony tunnel at the b
carpi radialis as a distally based split tendon graft (D).
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an interposition to reduce the likelihood of proximal
migration of the thumb column (Figures 2 and 3).
After closing the wound, thumb spica cast is applied
with the wrist in 208 extension, thumb in midway be-
tween extension and abduction, and the interphalan-
geal (IP) joint of the thumb is free (Figure 4).

Rehabilitation

During the time of immobilization in the spica cast,
patients are asked to perform ROM exercises for the
unaffected fingers, IP joint of the thumb, elbow, and
shoulder; and flexor and extensor tendon gliding
exercises as a home-based program. At the end of two
weeks, the cast and the sutures are removed and a
custom-made short opponens orthotic device is made
(Figure 5). Patients continue to perform home exer-
cise program until the end of postoperative fourth
week. The home exercise program includes ten repe-
titions of isolated and composite flexion and exten-
sion movements at the MP, proximal and distal IP
joints, and finger abduction and adduction exercises
of second to fifth fingers. Every exercise is set to be re-
peated four times daily. They are allowed to take off
their orthoses only during washing hands. The im-
portance of immobilizing the operated thumb during
washing hands is emphasized.

By the end of the fourth week, active and active-
assistive ROM exercises for the new CMC and first
MP joint supervised by a physiotherapist are initi-
ated. During this phase, excessive metacarpal flexion
and adduction (trying to do opposition from tip of the
thumb to the base of the fourth or fifth finger) are
restricted to protect the ligament reconstruction.
Orthoses are used during the day and night until
beginning of the operation (A). The excision of the entire
ase of the metacarpal (C). Preparation of half of the flexor



FIGURE 3. Surgical summary 2: Passed split tendon graft through the bony tunnel is fixing using a bony anchor under ap-
propriate tension (A and B). The remnant free end of this strip is placed in the space as an anchovy (C). Closed incisions (D).
the end of the sixth week. Patients remove their
orthoses only during therapy sessions and washing
hands. For scar tissuemanagement, massage, silicone
sheaths, and ultrasound applications are added to the
treatment protocol according to the patients’ need.

After six weeks, progressive ROM and strengthen-
ing exercises, including isometric abduction, exten-
sion, and adduction, are initiated. If the patient can
perform opposition to the tip of the fifth finger
(Kapandji score 6) without any pain, complete flexion
across the palm can be attempted gradually
(Figure 6). After the week 6, the orthosis is used
only at night for two additional weeks and com-
pletely stopped at the end of eighth week. During
FIGURE 4. The movement of the fingers within the thumb spi
this period, active ROM exercises of the thumb IP,
MP, and CMC joint; and thumb opposition with the
other fingers (from tip to the bases) are added to
the home exercise program as four sets per day, every
set includes ten repetitions. Isotonic strengthening
exercises are initiated by gentle pinch, grip using
putties, and power webs; and the resistance is in-
creased gradually by the end of eight weeks.
Strengthening exercises with putty are given as dis-
charge home exercise program after tenth week of
surgery. If the treatment team is sure about the stabil-
ity of the joint without any pain, then the patients can
let them use their hands during active daily living
without any restrictions after 12 weeks.
ca after surgery.
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FIGURE 5. Custom-made short opponens orthotic device.
RESULTS

The average follow-up period was 31.5 months
(range: 12e57 months). Average therapy session was
16.8 (range: 10e20 sessions).

The median (IQR) VAS score was eight preopera-
tively, three postoperatively, and three at the final
follow-up examination. This time period changes
showed statistically significant difference (p¼ 0.0001;
Table 1). Both postoperative and final follow-up VAS
scores were significantly less than preoperative values
(p¼ 0.0001; Table 2).

There was a statistically significant decreasing
trend in DASH scores during the time period
(p¼ 0.0001; Table 1). There were significant differ-
ences between each time period evaluation values
(p¼ 0.0001; Table 2).

Although there was a statistically significant dif-
ference between the grip strength measurements
during timeperiod (p¼ 0.0001; Table 1), only the post-
operative strengthswere significantly greater than the
preoperative values (p¼ 0.0001, 50% improvements;
Tables 2 and 3). However, this postoperative improve-
ment in strength significantly decreased at the final
follow-ups (p¼ 0.011; Figure 7).
FIGURE 6. Kapandji score evaluation for the ability of the thu
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Both postoperative and final follow-up lateral
pinch strengths significantly exceeded the preoper-
ative measurements (p¼ 0.0001 and p¼ 0.004, re-
spectively; Table 1). The postoperative and final
follow-up lateral pinch strength measurements
showed 25% and 29% improvements, respectively,
comparing with preoperative values (Table 3).
However, there was a slight decrease (not statisti-
cally significant) in final follow-up pinch strengths
compared with postoperative values (Figure 7 and
Table 2).

There was a statistically significant increasing
trend in palmar abduction degrees during the time
period (p¼ 0.0001; Table 1). Postoperative palmar ab-
duction degrees were significantly greater than the
preoperative values (p¼ 0.03). Final follow-up pal-
mar abduction degrees were significantly greater
than preoperative values and postoperative ones
(p¼ 0.0001 and p¼ 0.001, respectively; Table 2 and
Figure 8). A 30% improvement in final follow-up
and an 11% improvement in postoperative palmar
abduction degrees were noted compared with the
preoperative values. In addition, there was an 11%
improvement in final follow-up degrees compared
with the postoperative values (Table 3).
mb opposition.



TABLE 1. Subjective and Objective Results

Preop Postop
Final

Follow-Up p-Value

VAS (score) 8 (8e9) 3 (2e4) 3 (2e4) 0.0001
DASH (score) 56 (51e65) 29 (24e45) 24 (18e29) 0.0001
Grip (kg) 12 (8e14) 18 (13e20) 13 (11e15) 0.0001
Lateral pinch (kg) 3 (2e4) 5 (3e6) 4 (3e6) 0.0001
Palmar abduction

(degrees)
45 (35e55) 50 (45e60) 60 (55e65) 0.0001

Radial abduction
(degrees)

40 (28e45) 55 (45e60) 55 (47e58) 0.0001

Kapandji (score) 4 (3e4) 6 (5e8) 6 (5e8) 0.0001

Preop¼ preoperative; Postop¼ postoperative; VAS¼ visual ana-
log scale, DASH¼Disabilities of Arm, Shoulder, and Hand.
Note: All data are given in median statistical value with interquar-
tile range (IQR) in parenthesis.
Friedman tests showed a significant difference
between preoperative, postoperative, and the final
follow-up radial abduction degrees (p¼ 0.0001;
Table 1). According to Dunn’s multiple comparison
test, postoperative and final follow-up radial abduc-
tion degrees were significantly greater than the pre-
operative values (p¼ 0.0001). However, there were
no statistically significant differences between the
postoperative and the final follow-up radial abduc-
tion degrees (p¼ 0.510; Table 2 and Figure 8). A
33% improvement in final follow-up and a 50% im-
provement in postoperative radial abduction degrees
were recorded compared with the preoperative ones.
Radial abduction measurements did not show any
changes between the final follow-up and the postop-
erative values (Table 3).

Kapandji opposition scores changed statistically
during the time period (p¼ 0.0001; Table 1).
Although both postoperative and final follow-up op-
position scores were significantly greater than preop-
erative values (p¼ 0.0001), there were no statistically
significant changes between the final follow-up and
the postoperative scores (p¼ 0.238; Table 2 and
Figure 9).

Radiologic evaluations revealed an average dis-
tance between distal margin of the scaphoid and the
base of the first metacarpal preoperatively of 11 mm
(range: 8e13 mm) and postoperatively of 5 mm
(range: 4e6 mm). At the end of final follow-up, the
distance had further reduced to 3 mm (range:
2e3 mm; Figure 10). No metacarpal scaphoid im-
pingement was noted.
TABLE 2. Statistical Comparis

Dunn’s Multiple Comparison Test Palmar Abd Radial Ab

Preop/postop 0.03 0.0001
Preop/final follow-up 0.0001 0.0001
Postop/final follow-up 0.001 0.510

Preop¼ preoperative; Postop¼ postoperative; Abd¼ abduction; Lat¼
Shoulder and Hand.
Complications such as neuropathy of the radial
nerve on the area of sensory branches, stiffness,
chronic regional pain syndrome, or infection were
not recorded in any of our patients.
DISCUSSION

In 1992, Imaeda et al.17 clearly demonstrated the
importance of the anterior oblique ligament as the
primary stabilizer and the intermetacarpal ligament
as a secondary stabilizer of the CMC joint. In osteoar-
thritis of this joint, the attenuation of these ligaments
has been shown as one of the most important etio-
logic factor.12 The purpose of the BurtonePellegrini
technique is to create ideal thumb function, which in-
cludes a pain-free, stable, and mobile basal joint with
adequate strength and appropriate balance of the en-
tire ray using reconstruction of the anterior oblique
ligament. The reconstruction of this ligament with
FCR strip has been advocated to stabilize the first
metacarpal and improve strength.12 However, the op-
timum results depend on good surgical technique
and appropriate postoperative rehabilitation proto-
col. To report scientifically significant results, a stan-
dardized protocol would be preferred using both a
specific LRTI technique and postoperative rehabilita-
tion programs. Although Burton and Pellegrini12

technique and its modifications have been widely re-
ported with indications and results in the literature,
no specific clinical postoperative management after
one specific type of surgery has been described in
detail in recent years.8,13,18,19 Our study describes a
clinical protocol for therapeutic management with
statistical support for the functional outcomes.

Although the outcomes of many different ligament
reconstruction techniques with different incisions by
using a part or total of tendons have been reported in
the literature, we have been using a half of the FCR
tendon in ligament reconstruction surgery for years.
Some of the studies support the protection of the
reconstruction could be maintained by using tempo-
rary Kirschner wires.1,13,20 Because better rigidity
owing to different fixation materials has been pub-
lished in literature, immediate stabilization of the lig-
ament reconstruction using bone anchor was not
needed as supplemental temporary pin fixation to
augment stabilization of the thumb metacarpal in
our patients.21 In addition, this approach avoided
ons in Time Subgroups

d Kapandji Lat Pinch Grip VAS DASH

0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.004 0.139 0.0001 0.0001
0.238 0.528 0.011 0.487 0.0001

lateral; VAS¼ visual analoge scale; DASH¼Disabilities of Arm,
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TABLE 3. Improvements in Percents Between Time
Subgroups

PreopePostop PreopeFinal PostopeFinal

Grip 50 8 �25
Lateral pinch 67 33 �20
Palmar abd 11 33 20
Radial abd 38 38 0

Preop ¼ preoperative; Postop ¼ postoperative; Final ¼ final
follow-up; Abd¼ abduction.

FIGURE 8. Range of motion of the CMC joint. The
median preoperative, postoperative and final follow-up
palmar and radial abduction measurements were given
in y-axis. Preop¼ preoperative; Postop¼ postoperative.
the complications of pin irritation, which would
be possible, including pain, skin problems, and
infections.

In our postoperative protocol, the thumb spica cast
for two weeks was followed by a custom-made hand-
based orthotic device for another two weeks for
protection of the ligament reconstruction. Even in
the literature, six weeks of immobilization by using a
forearm spica cast after K wire augmentation has
been supported16,19,20,22; in our opinion, as the in-
flammation decreases 10 to 15 days after surgery,
there is no need to immobilize the wrist after two
weeks. None of our patients complained about wrist
pain or discomfort owing to the use of hand-based or-
thotic device. Immobilization for four weeks was ad-
equate to maintain the thumb in a correct position.
The literature supports our immobilization period
and early rehabilitation approach after immediate
stabilization of the ligament reconstruction without
using K wire.21

With an average of 16.8 therapy sessions and 31.5
months follow-ups, our subjective results are com-
parable with the similar studies, which reported
theirs after the same surgery and/or modifications.
Satisfaction rates changed in literature between 80%
and 95%.13,18,22,23 Our VAS and DASH improvements
can be speculated as an achievement of satisfaction
level similar to the literature.

Tomaino et al.24 reported 34% improvements in
pinch strength compared with preoperative levels
at the nine-year follow-up. There was a 72% improve-
ment in key pinch in the study by Nyl�en et al.25 study
FIGURE 7. Strength measurements. The median preoper-
ative, postoperative and final follow-up lateral pinch and
grip strength measurements were given in y-axis as kilo-
gram force. Preop¼ preoperative; Postop¼ postoperative.
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after 36 months. Our results showed 25% and 29%
improvements in postoperative period and at the
end of 31.5 months follow-up, respectively compared
with the preoperative values in lateral pinch mea-
surements. Although our grip strength measure-
ments improved 50% at the postoperative phase,
this improvement was not preserved at the final
follow-up. However, the grip measurements pub-
lished in the literature shows a wide range of dispar-
ity from 44% to 93% gaining in grip.8,18,24,25 Roberts
et al.26 reported 22.5 and 29.5 lb improvements in
grip power, 3.5 and �1.0 lb improvements in tip
pinch measurements in their study. Although these
authors presented the results of two different trapezi-
ometacarpal arthroplasty techniques followed by a
rehabilitation regimen, weaknesses of the article,
such as heterogeneity of the surgical techniques and
lack of using standardized tools of subjective evalua-
tion parameters (VAS and DASH), necessitated of a
descriptive study. Our study included the results of
one specific type of surgery and one standardized
FIGURE 9. The height of the trapezial space measuring
between base of the metacarpal bone and distal margin of
the scaphoid.



FIGURE 10. Functional photographs of the patient at 12th months after surgery.
rehabilitation protocol with standardized tools of
self-report and performance-based outcomes.

Our ROM in palmar (608) and radial (558) abduc-
tion at the final follow-up showed equivalence to
series in the literature, which reported similar pa-
rameters.16,21,22,27 In a prospective cohort study,
which was published by Vermeulen et al.,28 palmar
abduction was stated as an intermetacarpal distance
measurement in centimeters rather than goniometric
evaluation. Preoperative 5.4-cm measurement in dis-
tance was significantly improved to 5.9 cm at 12th
months after the surgery. Although the statistical sig-
nificance of increase in postoperative and follow-up
ROM measurements were in conflict with the litera-
ture, our results showed a statistically significant in-
crease in ROM in both the early postoperative and
the final follow-up periods.

Gradually collapsed arthroplasty space detected
during followed-up time was not associated with
instability or weakness of the thumb in any of our
patients. Because it was widely believed that short-
ening of the first ray could cause weakness of the
pinch strengths, our results showed no correlation
found between scaphoidemetacarpal distance and
changes in lateral pinch strength.14,19,20,23 Despite the
decrease in trapezial space and grip strength, these
objective outcomes did not reflect a decrease in pa-
tient satisfaction. Our subjective results, DASH score,
and VAS continued to improve. Because bony contact
did not occur in any patient, ligament reconstruction
could prevent instability and provide strength and
comfort.
There are some major weaknesses of the present
study. This study retrospectively assessed the data
from a single cohort of patients; therefore, future
studies should be prospective and include a compar-
ison group. We did not include a control group that
did not receive therapy. With that, it is not possible to
compare the results between treated and nontreated
patients after surgery from the rehabilitation point of
view. It is possible that patients managed differently
(e.g., more conservatively or more aggressively) could
do as well or worse. Our description of the surgery
and a rehabilitation protocol, however, should provide
guidelines for hand therapists and surgeons.

CONCLUSION

The subjective and objective results of this descrip-
tive study demonstrate a sense of high patient satis-
faction and efficacy after the surgical technique and
postoperative rehabilitation protocol described.
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go to JHTReadforCredit.com. There is only one
best answer for each question.

#1. The design of this study was

a. qualitative
b. RCTs
c. retrospective case series
d. prospective case series
#2. The study investigated the following surgical in-
tervention for thumb CMC arthritis

a. suspension arthroplasty
b. silicone implant arthroplasty
c. arthrodesis
d. trapezium resection arthroplasty
#3. At follow up evaluation the authors report im-
provement in

a. ROM
b. pinch strength
c. patient satisfaction
d. all of the above
#4. During the initial post op period

a. the hand, including the thumb but not the

wrist, was immobilized in a snug bulky
dressing

b. the hand, including the thumb and wrist, was
immobilized in a snug bulky dressing

c. the thumb IP joint was free to move
d. the thumb IP joint was immobilized in a cast
#5. The original immobilization was discontinued
and an orthosis was applied at

a. 1 week post op
b. 2 weeks post op
c. 3 weeks post op
d. 4 weeks post op
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