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ABSTRACT
The purpose of this study was (1) to evaluate the results following thumb carpometacarpal (CMC) inter-
position arthroplasties with patient-reported outcomes (PRO) in a large prospective series, (2) to evaluate
the correlation between PRO and patient satisfaction following surgery, (3) to evaluate if age, gender,
occupational status, sports activities or operative technique correlate with the PRO following surgery.
Quick-DASH ranges from 0 to 100 with 100 being the worst score. The mean preoperative Quick-DASH
was 49.9. The mean 6 months postoperative Quick-DASH was 25.4 showing an average improvement of
24.6 points. Mixed model analysis revealed a further improvement in Quick-DASH and pain after 6
months. Satisfied patients had significantly lower pain scores and lower Quick-DASH at follow up as com-
pared to dissatisfied patients. Age, gender, hobby activities, occupational status and operative technique
do not seem to influence PRO after CMC interposition arthroplasty of the thumb.
Level of evidence: II – prospective cohort.

Abbreviations: AUSCAN: Australian/Canadian osteoarthritis hand index; CMC: carpometacarpal; FCR:
flexor carpi radialis tendon; LRTI: ligament reconstruction and tendon interposition; PRO: patient reported
outcomes; PRWE: patient-rated wrist hand evaluation; Quick: DASH: quick disability of the arm, shoulder,
and hand questionnaire; STT: scaphotrapeziotrapezoid
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Introduction

Osteoarthritis of the carpometacarpal (CMC) joint of the thumb is
common and is mostly seen in postmenopausal women. The
prevalence is increasing with age and The Copenhagen City
Hearth Study describes a prevalence of up to 23% in men over
the age of 80 and up to 33% in women over the age of 80 [1].
With an increasing prevalence in the population surgical treat-
ment options have been studied for many years. Previous studies
have reported intermediate or long term postoperative measures
such as the Disability of the Arm, Shoulder and Hand
Questionnaire (DASH) [2–6]. However, most studies have a limited
number of patients and systematic reviews call for more research
in the area [7,8].

The purpose of this study was (1) to evaluate the results fol-
lowing thumb CMC interposition arthroplasties with patient-
reported outcomes (PRO) in a large prospective series (2), to
evaluate the correlation between PRO and patient satisfaction fol-
lowing surgery (3), to evaluate if age, gender, occupational status,
sports activities or operative technique correlate with the PRO fol-
lowing surgery.

Methods

Demographics

A prospective database of the outcomes following surgical treat-
ment of thumb CMC osteoarthritis was initiated September 2013.
The indication for surgical intervention was failure of conservative

treatment of idiopathic degenerative osteoarthritis. More women
than men were treated, and the mean age was 62 years. The
women were younger and had worse PRO scores before surgery
and higher pain scores. Demographics are shown in Table 1.

Surgical techniques

Thirteen experienced surgeons performed the operations with
their individually preferred technique. 180 patients were operated
with trapeziectomy and FCR tendon interposition as described by
Burton and Pellegrini [9]. One hundred and ten patients were
operated with the technique described by Weilby [10] and the
remaining 67 patients were operated with trapeziectomy and cap-
suloplasty [11].

Patient-reported outcomes

Patients were followed with PRO measures as well as questions
about satisfaction. The validated Danish Quick-DASH question-
naire was used [12,13]. The Quick-DASH is valid in the assessment
of outcome following surgical treatment of the thumb CMC joint
[14]. It includes 11 questions concerning disability and symptoms
and an optional section regarding music/sport. The Quick-DASH is
designed to evaluate physical function and symptoms in patients
with musculoskeletal disorders of the upper limb. The Quick-
DASH score is converted to a score from 0 to 100, where 0 is no
disability and 100 is extreme disability. Pain was evaluated from
the Quick-DASH questionnaire no. 9 with the subject of arm,
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shoulder or hand pain, quantified on a scale of one to five, five
being extreme pain. The patients were asked if they were satisfied
with the result following surgery (yes/no) and will be referred to
as satisfied or dissatisfied. Patients were asked about their occu-
pational status (working/not working) and about their participa-
tion in sports activities (yes/no).

Sequence

The preoperative Quick-DASH was obtained at the pre-assessment
clinic. Patients prospectively answered Quick-DASH questionnaire
six months postoperatively following trapeziectomy or interpos-
ition arthroplasty of the basal joint of the thumb from 2013 to
2016. From 2016, the database further collected 12, 24 and 48
months postoperative values. Patients that had already passed
the 12 and 24 months follow up point by 2016 were not invited
to answer at these follow up times. In total, 357 patients were
operated by January 2020. The study flowchart diagram is shown
in Figure 1.

Complications

Complications following surgery were investigated in a chart
review of 250 patients after approval from the National Patient
Safety Authority. Persistent pain was included as a complication if
the patient returned to the outpatient clinic because of pain
more often than the normal postoperative schedule.

Statistics

A mixed model for repeated measures was used in the evaluation
of Quick-DASH outcome to accommodate missing values. Pain
was analyzed as numerical data for two reasons: (1) because
patients had the option to point and click off their answer and
the options were positioned next to each other and (2) pain
scores were normally distributed. Mixed model for repeated meas-
ures was used evaluating pain scores. Independent sample t-test
was used comparing PRO between satisfied and dissatisfied fol-
lowing surgery. The correlations between PRO and preoperative
age, gender, occupational status, sports activities and preopera-
tive PRO were investigated using mixed models for repeated
measures. Mixed model for repeated measures were conducted
using unstructured covariance structure. SPSS v. 24 (SPSS Inc.,
Chicago, IL) was used. p<.05 was considered statistically
significant.

Results

The mean preoperative Quick-DASH was 49.94 (SD 16.22). The
mean six months postoperative Quick-DASH (n¼ 276) was 25.35
(SD 19.95) showing an average improvement in this group of
24.59, p<.001. The average 12, 24 and 48 months postoperative
Quick-DASH were 22.64 (SD 20.53), 19.53 (SD 19.91) and 18.92 (SD
19.36), respectively. Pairwise comparison and mixed model for
repeated measures results are shown in Figure 2. A significant
improvement in Quick-DASH was seen from preoperative to 6
months and from 6 months to 12 months.

Table 1. Demographics of patients before surgery.

All operated Men Women p

N 357 82 (23%) 275 (77%)
Age, mean (SD, range) 62.5 (8.8, 40–84) 65 (8, 40–84) 61.5 (8.9, 42–83) .003
QDASH, mean (SD, range) 49.60 (15.91, 13.64–97.73) 40.9 (13.5, 15.9–75) 52.05 (15.3, 13.6–97.7) <.001
Paina, median, mean (Q1, Q3, range) 3.68 (0.71, 1–5) 3, 3.45 (3, 4, 1–5) 4, 3.75 (3, 4, 2–5) .003
Occupational status – working, % 40.4 35.2 41.8 .34
Participating in sports, % 33.9 26.8 35.9 .16

QDASH: Quick Disability of the Arm, Shoulder and Hand, scores from 0 to 100 points (with 100 points being worse).
aPain scale (1: no pain; 2: mild pain; 3: moderate pain; 4: severe pain; 5: extreme pain).
In bold: Statistically significant differences.

Figure 1. Study flowchart diagram. PRO: patient-reported outcomes. Missing data consist of ‘Did not reply’: patients that were asked to reply at follow up but did
not reply, ‘Less than’: patients that were operated on but had not reached the follow up time yet, ‘Not invited to answer’: patients that reached the follow up point
but did not receive a follow up questionnaire due to the study design.
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Preoperative pain was 3.71 (SD 0.73) on a scale from 1 to 5, 5
being extreme pain. Six, 12, 24- and 48-months postoperative
mean pain score were 2.26 (SD 0.95), 2.15 (SD 0.98), 1.89 (SD
0.96) and 1.85 (SD 1.02). A significant improvement of 1.45 (SD
1.04) in pain was found from preoperative to 6 months postoper-
ative (n¼ 276, p<.001). Pairwise comparison and mixed model for
repeated measures results are shown in Figure 3. A significant
improvement in pain was seen from preoperative to 6 months,
from 6 months to 12 months and from 12 to 24 months.

Seventy-five percent of patients reported that they were satis-
fied with the result following surgery at six months. Satisfied

patients had a significantly larger improvement in pain scores and
Quick-DASH scores at 6, 12, 24 and 48 months (p<.001 on all
parameters) as compared to dissatisfied patients (Figure 4). The
same results were seen at all follow up times. As a predictor of
outcome; age, gender, occupational status and sports activities
did not correlate with satisfaction following surgery. Patients who
were satisfied with the results following surgery had lower pre-
operative Quick-DASH scores (48.8 points, SD 15.8) as compared
to patients who were dissatisfied (53.7 points, SD 17.0), p¼.03.

Age at surgery did not correlate with satisfaction postopera-
tively, Pearson’s correlation �0.08 (p¼.14). Age did not correlate

Figure 2. Ticked line representing mean preoperative Quick-DASH from mixed model analysis. p Values representing pairwise comparison with the previous value.

Figure 3. Ticked line representing mean preoperative pain score from mixed model analysis. p Values representing pairwise comparison with the previous value.
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with Quick-DASH results after surgery (p¼.14, mixed model type
III test for fixed effect). Gender, occupational status and patients
participating in sports activities did not correlate with postopera-
tive Quick-DASH (p¼.07, .16, .54, respectively, mixed model type
III test for fixed effect). Chi square test showed no difference in
satisfaction at 6 months follow up between sexes (p¼.48), occupa-
tional status y/n (p¼.11) and participation in sports activities y/n
(p¼.17). The same results were found at 12, 24 and 48 months.
Operative technique did not correlate with Quick-DASH outcome
(fixed effect, p¼.30), pairwise comparison in Figure 5.

Complications following surgery are as shown in Table 2. FCR
rupture and scar tissue formation around the extensor pollicis bre-
vis were only seen in patients operated with Weilby or
Burton–Pellegrini technique. There were few major complications
but more than 10% returned to the outpatient clinic due to

persistent pain. Twelve patients of 250 were revised due to com-
plications. Four received further interposition arthroplasty follow-
ing capsuloplasty, three received a MiniTight Rope (ArthrexVR )
suspension due to subsidence, one sensory nerve needed repair,
one tendon needed repair, one debridement was performed due
to infection, one had additional trapezium bone removed and
one had a secondary capsuloplasty performed. Complication of
any kind was associated with a mean improvement in Quick-
DASH scores of only 13.76 points at six months follow up.
Patients who did not have any complications had a mean
improvement of 27.82 points (p<.001). The same results were
seen when comparing the improvement in pain scores (p<.001).
Complications of any kind were associated with 49% of patients
being dissatisfied at 6 months follow up (p<.001). Gender was
not associated with complications of any kind, but younger age

Figure 4. Ticked line representing mean grouped preoperative Quick-DASH score. Preoperative groups based on 6 months satisfaction results. Satisfaction based on
the question ‘Are you satisfied with the result following the operation, yes/no?’.

Figure 5. Ticked line representing mean grouped preoperative Quick-DASH score. Pairwise comparison showed no significant difference at any time (mixed effect
model, total interaction p¼.30).
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was associated with a higher risk of complications (Pearson’s cor-
relation 0.13, p¼.03).

Discussion

The primary outcome of this study shows a significant reduction
in pain scores and Quick-DASH scores. A further reduction in pain
scores and Quick-DASH scores were seen after 6 months follow
up. The improvement in pain scores seen at 6 months further
improved marginally but statistically significant at one year follow
up. A further improvement might suggest that the full effect of
the treatment is seen later than six months following surgery.
Werthel et al. showed similar pre- and postoperative DASH values
with a mean preoperative value of 49.4 and 22.1 postoperatively
in 49 thumbs [15]. These patients were all operated on with liga-
ment reconstruction using the entire flexor carpi radialis tendon.
De Smet et al. compared trapeziectomy with or without tendon
interposition and found postoperative values of 33 for trapeziec-
tomy in 22 patients and 27 for tendon interposition in 34 patients
[4]. One study compared 18 thumb trapeziectomies, 17 trapeziec-
tomies followed by tendon interposition and 28 arthrodesis. Long
term postoperative DASH values were 25, 26 and 27, respectively
[3]. One randomized single blinded study compared simple trape-
ziectomy to LRTI suspension and found equal pain scores at fol-
low up but did not report Quick-DASH scores or other PRO [16].

Secondary outcomes of this study suggest that one fourth of
patients answer ‘no’ when asked if they are satisfied with the
result of the operation at follow-up. We found a highly significant
difference in pain scores and Quick-DASH scores between satisfied
and dissatisfied patients at all follow up times. This suggests that
patients who are dissatisfied have significantly more pain and less
function of their hand following surgery. As seen in Figure 4, dis-
satisfied patients have postoperative PRO that are almost similar
to their preoperative PRO. Preoperative presence of undiagnosed
scaphotrapeziotrapezoid (STT) joint osteoarthritis has been postu-
lated as the explanation for the persistence of pain at follow up.
Further research regarding the presence of residual ST osteoarth-
ritis in this cohort of patients is warranted. Age and gender did
not influence satisfaction at follow up and did not correlate with
PRO. Occupational status of the patients as well as if patients par-
ticipated in hobby activities did not influence satisfaction at

follow up and did not correlate with PRO. Higher preoperative
Quick-DASH was found to correlate with dissatisfied patients at 6
months follow up, however, the clinical relevance can be dis-
cussed. We found no difference between techniques when com-
paring the improvement in Quick-DASH values or pain scores in
line with the current literature. Our results are in line with recent
studies and do strengthen our knowledge of CMC osteoarthritis
and the operative treatment. Resent systematic review did not
find any difference between surgical techniques for thumb CMC
arthritis. Further randomized studies are needed to conclude if
one surgical procedure is superior [7,8].

Limitations

A prospective series with ongoing follow up will inevitably result
in a heterogeneous number of patients at each follow up time.
To our knowledge, this is one of the biggest PRO evaluations fol-
lowing interposition arthroplasty of the basal joint of the thumb
and publication at this point was assessed as beneficial. Due to a
change in database sequence, many patients were not invited to
answer PRO at one and two years after surgery. Bias may be intro-
duced when missing values exist. As the treatment has been the
same, surgical experience has been the same and patients were
not invited solely because of the date of operation, these missing
values can be interpreted as MCAR (missing completely
at random).

Patients who were invited to answer but never replied could
introduce bias to our results. Patients who did not reply at 6
months follow up had a mean age of 65 years vs. 62 years for
patients who did reply, p .045. This was the only statistically sig-
nificant difference between these groups. Preoperative pain and
preoperative Quick-DASH were not different for patients that did
not reply at 6 months follow up. Patients that did not reply at 12
months, 24 months and 48 months have equal preoperative age,
pain scores and Quick-DASH scores.

DASH has been found valid in the assessment of results follow-
ing interposition arthroplasty of the thumb with construct validity
tested against Australian/Canadian Osteoarthritis Hand Index
(AUSCAN) and Patient-Rated Wrist Hand Evaluation (PRWHE) [14].

All 13 surgeons were experienced in their operative technique,
but their previous training was not necessarily done at the same
institute. This strengthens the external validity of the results of
this study.

Conclusions

CMC-1 arthroplasty is an effective treatment of thumb CMC osteo-
arthritis as Quick-DASH scores and pain scores improved signifi-
cantly postoperatively. Quick-DASH and pain scores further
improved suggesting that the full effect of the treatment is seen
later than six months following surgery; however, the improve-
ment was small, and the clinical relevance is uncertain. Patients
who were satisfied had lower pain scores and lower Quick-DASH
scores at follow up compared to patients who were dissatisfied.
Age, gender, hobby activities, occupational status and operative
technique do not seem to influence PRO after CMC-1 interposition
arthroplasty of the thumb.
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Table 2. Complications following surgery.

n/N (%)

Persistent paina 27/250 (10.8)
Scar tissue formation around extensor tendons 7/250 (2.8)
Dysesthesia 5/250 (2.0)
Infection, minor 4/250 (1.6)
Subsidence 3/250 (1.2)
Impingement of residual bone 2/250 (0.8)
FCR rupture 2/250 (0.8)
Mb De Quervain syndrome 2/250 (0.8)
Infection, requiring revision 1/250 (0.4)
ST OA 1/250 (0.4)
Hematoma 1/250 (0.4)
Minor allergic reaction 1/250 (0.4)
CRPS 1/250 (0.4)
DISI configuration 1/250 (0.4)
Dupuytren’s contracture 1/250 (0.4)
Ganglion formation 1/250 (0.4)

FCR: flexor carpi radialis tendon; ST OA: osteoarthritis in the remaining joint
between the scaphoid and the trapezoid; CRPS: complex regional pain syn-
drome; DISI: dorsal intercalated segment instability.
aPersistent pain was registered when patients were seen in the outpatient clinic
more than standard due to persistent postoperative pain.
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