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Patient-Reported Outcomes 1 Year After

Proximal Interphalangeal Joint Arthroplasty

for Osteoarthritis
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Luitzen H. L. de Boer, MD,§ the Hand-Wrist Study Group, Brigitte E. P. A. van der Heijden, PhD, MD*k
Purpose Implant survival, range of motion, and complications of proximal interphalangeal joint
arthroplasty have been reported often, but patient-reported outcomes are less frequently described.
This study evaluated patients’ experiences during the first year after proximal interphalangeal joint
arthroplasty, measured with the Michigan Hand Outcomes Questionnaire (MHQ). The primary
focus was the reduction of patient-reported pain after proximal interphalangeal joint implant
placement and the percentage of patients who considered this reduction clinically relevant, indi-
cated by the minimal clinically important difference (MCID).

Methods Data were collected prospectively; 98 patients completed the MHQ before and at 3 and 12
months after surgery. Our primary outcome was the change in the pain score. An increase of 24
points or more was considered a clinically important difference. Secondary outcomes included
changes in MHQ total and subscale scores and MCIDs, range of motion (ROM), patient satisfaction
with the outcome of the surgery, and complications.

Results The pain score improved significantly, from 42 (95% confidence interval, 38e46) at
baseline to 65 (95% confidence interval, 60e69) at 12 months after surgery. The MCID was
reached by 50% (n ¼ 49) of patients. The ROM did not improve, reoperations occurred in 13%
(n ¼ 13) of patients, and swan neck deformities only occurred among surface replacement implants.

Conclusions Although most patients undergoing arthroplasty for osteoarthritis experienced signifi-
cantly less pain after surgery, the pain reduction was considered clinically relevant in only 50%
(n ¼ 49) of patients. Patients with high MHQ pain scores before surgery are at risk for post-
operative pain reduction that will not be clinically relevant. Likewise, the other subscales of the
MHQ improved after surgery, but reached a clinically relevant improvement in only 46% (n ¼ 45)
to 63% (n ¼ 62) of patients. This knowledge can be used during preoperative consultation to
improve shared decision making. (J Hand Surg Am. 2022;47(7):603e610. Copyright � 2022 by
the American Society for Surgery of the Hand. All rights reserved.)
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MES AFTER PIP ARTHROPLASTY
O UTCOMES OF PROXIMAL INTERPHALANGEAL

(PIP) joint arthroplasty have frequently been
reported regarding implant survival, range of

motion (ROM), reoperation rates, and complications.
There is, however, a lack of clinical research reports
that focus on patients’ perceptions of improvement in
response to treatment. Patient-reported outcome mea-
sures are widely used to assess patient perspectives of
care outcomes.1 They allow a comparison of subjec-
tive treatment outcomes over time in a standardized
and valid manner. In this study, we were specifically
interested in whether PIP arthroplasty leads to a
reduction of pain and whether this reduction is clini-
cally relevant, because this information may be a
valuable addition to patients’ preoperative expecta-
tion management.

Although preservation of motion is an important
reason to choose PIP joint arthroplasty instead of
arthrodesis, pain reduction is the primary purpose.
The visual analog scale or Likert scales have previ-
ously been used to measure pain, yet these single-
item tools may not cover all relevant aspects.2e8

The Michigan Hand Outcomes Questionnaire
(MHQ) focuses on pain in general, during daily ac-
tivity, and when sleeping, and on whether it affects
patient satisfaction.9,10 Published articles that report
on MHQ pain after PIP arthroplasty describe overall
pain reduction.6,11e14 However, whether this statis-
tically significant decrease is also clinically relevant
often remains unmentioned. The minimal clinically
important difference (MCID) indicates the minimal
within-person change in outcome patients perceive as
beneficial. Hoogendam et al15 have reported the
MCID for the MHQ specifically in patients who un-
derwent PIP arthroplasty. The MCID was set at 24
points on the pain subscale.15

The primary aim of our study was to assess the
MHQ pain score after PIP arthroplasty, comparing
preoperative scores to 3- and 12-month postoperative
scores and calculating the percentage of patients
reaching theMCID. The secondary aimswere to assess
the MHQ total and subscale scores and calculate the
percentages of patients reaching the MCID of the
MHQ subscales. In addition, the ROM, postoperative
complications, and patients’ satisfaction with the
treatment outcome were evaluated.16 We describe
MHQscores, ROM, and complications for silicone and
surface replacement (SR) implants separately.

MATERIALS AND METHODS
Patients

Patients who underwent PIP arthroplasty for either
primary degenerative or posttraumatic osteoarthritis
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at 22 outpatient clinics for hand surgery and therapy
in the Netherlands were included. Patients were
considered for surgery if they had radiologic PIP
osteoarthritis (Kellgren Lawrence classification grade
2 or higher), in combination with pain, despite
nonsurgical treatment for at least 3 months.17 Besides
pain, stiffness or deformity were indications for sur-
gery. The exclusion criteria consisted of an age <18
years at the time of surgery and patients with in-
flammatory arthritis, because autoimmune diseases
involving multiple joints may influence our primary
outcome measure. We only included patients who
had completed both a preoperative and 12-month
postoperative MHQ questionnaire.

Surgical procedure

Surgery was performed by 20 surgeons, who were all
hand-fellowship trained with a level of experience
ranging from 3 to 5 according to the classification by
Tang and Giddins.18 Surgery was performed under
local anesthesia or a regional anesthetic block (axil-
lary or supraclavicular), without and with a tourni-
quet, respectively. A dorsal, longitudinal skin
incision was made over the PIP joint in all but 2
patients. The central tendon was split longitudinally
(n ¼ 82) or, according to Chamay19 (n ¼ 14), to
expose the joint. One joint was already exposed
through a lateral approach due to trauma, and 1 joint
was replaced using a volar approach. After preparing
the joint, a trial prosthesis was introduced. Function
and stability were tested, and a permanent implant
was chosen: silicone (NeuFlex DePuy Orthopaedics)
or SR (DJO DonJoy Orthopaedics). The implant se-
lection was made preoperatively and based on the
surgeon’s preference. Except for the choice of
implant, surgical procedures were the same for all
patients. The position and alignment were checked
radiographically. The extensor tendon was repaired
with absorbable sutures, and the skin was closed with
nonabsorbable sutures. An extension cast was
applied.

Postoperative treatment

The rehabilitation protocol was standardized for
every patient (Table S1, available online on the
Journal’s website at www.jhandsurg.org). After 3e5
days, the cast was removed and a hand therapist made
a static extension orthosis in a neutral PIP joint po-
sition. If hyperextension was present, the orthosis was
adjusted, adding an extension block of 10� to 30�,
depending on the severity of the hyperextension.
Hand therapy was initiated, starting with active ex-
ercise therapy without resistance during the first 8
ol. 47, July 2022
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weeks. The static orthosis was removed during ther-
apy, and flexion was performed over a prebent
orthosis. Flexion was gradually built up during the
weeks to the maximum possible. The use of the
extension orthosis was reduced during the day after
7e8 weeks but continued at night. After 8 weeks,
exercises with resistance were gradually built up.
After 3 months, the use of the orthosis at night was
reduced. If indicated, therapy was continued until
6e12 months after surgery. A follow-up visit with
the surgeon was scheduled 3 months after surgery
and, if indicated, an x-ray was obtained. Indications
for an x-ray included recent trauma, instability, or
suspected incongruency and persistent dispropor-
tional pain.
Data collection

Data were collected prospectively as part of routine
outcome measurements using GemsTracker (Generic
Medical Survey Tracker) electronic data capture, a
secure, web-based application for distributing ques-
tionnaires and forms during clinical research and
quality investigations.20,21 The Medical Research
Ethical Committee of Erasmus MC approved our
study. All patients provided written consent for their
data to be used in this study.

Our primary outcome was patient-reported pain,
using the MHQ (ranging from 0 to 100, where 100 is
best), comparing preoperative scores to those
measured 3 and 12 months after surgery.9 After data
collection, the percentage of patients who achieved
the MCID of 24 points or more on the pain subscale
was calculated. Secondary outcomes consisted of the
total MHQ score, the other MHQ subscale scores,
and the percentage of patients reaching the MCID.
The calculated MCIDs are 13 points for the total
MHQ, 10 points for hand function, 12 points for
activities of daily living, 8 points for aesthetics, and
21 points for satisfaction.15 We also evaluated the
ROM, complications, and patient satisfaction with the
treatment outcome. Postoperative MHQ scores,
ROM, and complications were described separately
for silicone and SR implants.

In addition to the MHQ patient-satisfaction scale,
patients were asked to score their satisfaction with the
treatment outcome 12 months after surgery with the
following question: “are you satisfied with the result
achieved?” The validated 5-point Likert scale was
used for scoring the answers as poor, mediocre,
reasonable, good, or excellent. Patients were also
asked whether they would undergo the treatment
again if they had similar complaints.16
J Hand Surg Am. r V
Active flexion and extension of the PIP joints were
measured following a standardized protocol by an
experienced hand therapist using a goniometer.
Measurements were repeated at 3 months and 1 year
after surgery. When patients underwent surgery on
multiple digits, we used the measurements of the most
affected finger. A functional assessment could not be
performed when patients completed the MHQ 12
months after surgery online. Intraobserver and inter-
observer variability are within 5� to 10� when
measuring upper extremity ROM with a goniom-
eter.22 Changes in the ROM below this amount of
degrees were not considered clinically relevant.

Medical charts were manually searched to evaluate
complications after PIP arthroplasty.

Statistical methods

Normally distributed data are reported as means with
95% confidence intervals (CIs) and nonnormally
distributed data as medians and interquartile ranges.
Normality was assessed by plotting histograms and
performing the Shapiro-Wilk test. Patients who
completed their questionnaires before surgery and 12
months after surgery were identified as responders,
whereas nonresponders were patients who did not
complete the questionnaire 12 months after surgery
(Table S2, available online on the Journal’s website at
www.jhandsurg.org). We compared responders with
nonresponders to analyze differences in baseline
characteristics that could introduce selection bias.
We performed an a priori sample size calculation
for our primary outcome and a post hoc power analysis
for the total MHQ and other subscales. We used chi-
square tests to compare categorical data, t tests to test
normally distributed numerical data between 2 groups,
and paired t tests to test normally distributed data
within the same patient. A P value of <.05 was
considered statistically significant.

RESULTS
Between January 1, 2009, and July 1, 2018, 172 pa-
tients underwent a PIP arthroplasty. We excluded 2
patients diagnosed with inflammatory arthritis and 72
who did not complete the MHQ questionnaire 12
months after surgery (nonresponders). Thus, 98 pa-
tients were included. Responders and nonresponders
were comparable regarding baseline variables
(Table S2). Baseline characteristics are shown in
Table 1. Baseline characteristics per implant type are
displayed in Table S3 (available online on the Journal’s
website at www.jhandsurg.org). The power to find a
difference between the total and subscale preoperative
and postoperative MHQ scores was high (Table 2).23
ol. 47, July 2022
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TABLE 1. Patient Characteristics

Characteristics
All Patients
(n ¼ 98)

Goniometry
Available (n ¼ 45)

Age, mean (SD) 63 (8.2) 64 (7.7)

Sex, n (%)

Male 25 (26) 13 (29)

Female 73 (74) 32 (71)

Smoking, n (%)

Yes 11 (11) 4 (9)

No 63 (64) 31 (69)

Unknown 24 (25) 10 (22)

Diabetes, n (%)

Yes 6 (6) 3 (7)

No 31 (32) 16 (35)

Unknown 61 (62) 26 (58)

Dominance, n (%)

Right 88 (90) 42 (93)

Left 10 (10) 3 (7)

Operated on dominant hand, n (%)

Yes 55 (56) 30 (67)

No 43 (44) 15 (33)

Diagnosis, n (%)

Primary
degenerative

80 (82) 39 (87)

Posttraumatic 18 (18) 6 (13)

Affected finger, n (%)

Index 19 (19) 9 (20)

Middle 34 (35) 13 (29)

Ring 31 (32) 17 (38)

Little 14 (14) 6 (13)

Type implant, n (%)

Silicone 29 (30) 9 (20)

SR 69 (70) 36 (80)

Operated on, n (%)

One finger 83 (85) 39 (87)

>1 finger 15 (15) 6 (13)

Operated on, n (%)

One hand 93 (95) 44 (98)

Both hands 5 (5) 1 (2)
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Michigan Hand Outcomes Questionnaire

The mean MHQ pain score improved from 42 (95%
CI, 38e46) to 64 (95% CI, 60e68) at 3 months and
to 65 (95% CI, 60e69) at 12 months (P < .05). We
found an improvement for the total score and all
subscales (P < .05; Fig. 1). Fifty percent (n ¼ 49) of
the patients reached the MHQ pain MCID. For the
other subscales, the MCID was reached by 57% (n ¼
J Hand Surg Am. r V
56) of patients for the total, 63% (n ¼ 62) for hand
function, 46% (n ¼ 45) for activities of daily living,
49% (n ¼ 48) for aesthetics, and 59% (n ¼ 58) for
satisfaction. Figure 2 displays the numbers of pa-
tients reaching the MCID when intake scores are
categorized. More patients with a high baseline pain
level (pain scores of 0e25 and 26e50) reached the
MCID compared to patients with a low intake pain
level (51e75 and >75). The same was seen in the
categorized hand function and satisfaction intake
scores; more patients with relatively worse hand
function and satisfaction scores (0e25 and 26e50)
at intake reached the MCID compared to the groups
of patients with intake scores from 51 to 75 and
above 75. For the other subscales and the total score,
more patients did not reach the MCID than patients
who did reach the threshold when the intake score
was above 75.

Range of motion

Range of motion measurements were available in 45
of 98 included patients (46%; Fig. 3). No clinically
relevant changes were seen in patients’ functional
scores from before to after surgery. Ten patients had
hyperextension of the PIP joint 12 months after sur-
gery (Table S3). Three of these patients already had
hyperextension before the operation. The ROM,
flexion, and extension measurements for the silicone
and SR implants are given separately in Table S4
(available online on the Journal’s website at www.
jhandsurg.org).

Patient satisfaction

The satisfaction scores of 97 patients are displayed in
Figure 4. Seventy-five patients would undergo the
same procedure again.

Complications

Thirty-five complications were recorded (Table S3).
Four patients were treated with antibiotics for a
postoperative infection. Thirteen patients underwent
reoperation. The most common reoperation per-
formed was a tenolysis or arthrolysis because of
stiffness. Of these patients, 8 were reoperated within
12 months after surgery.

Three patients required a revision. One silicone
implant inserted for primary degenerative osteoar-
thritis was revised to a new silicone implant due to a
swan neck deformity. One SR implant with accom-
panying tendon reconstruction for posttraumatic
osteoarthritis was revised to a bigger SR implant
because of instability. One SR implant for post-
traumatic osteoarthritis was revised to a silicone
ol. 47, July 2022
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FIGURE 1: Michigan Hand Outcomes Questionnaire subscale score changes from before to 3 and 12 months after surgery.

TABLE 2. Power Analysis for MHQ*

MHQ Pain Total Hand function ADL Aesthetics Satisfaction

A priori sample size n ¼ 11

Post hoc power - >0.99 0.99 0.99 0.99 >0.99

ADL, activities of daily living.
*We used an a priori sample size calculation for the primary outcome and a post hoc power calculation for secondary outcomes based on paired

t tests using G*Power (Erdfelder, Faul, and Buchner, 1996). No MCID for the MHQ work subscale score was available.
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implant because of joint stiffness. No implant
breakage was reported.
DISCUSSION
The primary aim of this study was to evaluate
patient-reported outcomes, measured by the MHQ,
during the first year after PIP joint arthroplasty for
osteoarthritis, with pain being the main focus.
Although we found an overall pain reduction, this
reduction was clinically relevant in only 50% (n ¼
49) of patients. Likewise, the total MHQ score and
its subscales of hand function, activities of daily
J Hand Surg Am. r V
living, aesthetics, and satisfaction all improved but
improvements were only clinically relevant in 57%
(n ¼ 56), 63% (n ¼ 62), 46% (n ¼ 45), 49% (n ¼
48), and 59% (n ¼ 58) of patients, respectively.
Range of motion values did not change after surgery.
The revision rate was 3% (n ¼ 3), and 10 swan neck
deformities occurred among the SR implants.

Previous studies showed significant improvements
in MHQ scores after PIP arthroplasties.11,12 Two
prospective cohort studies, in which 21 pyrocarbon
arthroplasties were performed for osteoarthritis and
inflammatory arthritis, described decreases of 44
and 33 points, respectively, on the MHQ pain
ol. 47, July 2022



FIGURE 2: Minimal clinically important difference by categorized intake scores.
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subscale.11,12 which is better than the average change
in our pain score. However, no study evaluated
whether these improvements were clinically relevant.
Only 50% (n ¼ 49) of patients perceived a clinically
relevant pain reduction 12 months after surgery in
our study. It appeared that patients with an intake
pain score above 50 were less likely to reach the
MCID than patients with a score below 50, probably
because the starting level of pain was less severe, and
therefore the possible pain gain after surgery was less
than for patients with more pain at baseline. More-
over, patients with a pain score above 76 cannot
reach the MCID of 24 points, since the maximum
score on the MHQ questionnaire is 100.

As the main indication for PIP arthroplasty is pain,
patients with a high intake MHQ pain score should be
J Hand Surg Am. r V
informed that the gains in pain reduction will be
questionable and will probably not outweigh the
burden of postoperative rehabilitation and the
complication risk. The same should be discussed
regarding patients with high patient-satisfaction and
hand-function intake scores. Patients with MHQ
intake scores above 75 should be discouraged from
undergoing PIP arthroplasty.

In line with previously reported results, the overall
ROM neither deteriorated nor improved in our pa-
tients.24,25 The slightly decreased extension deficit
was not clinically relevant and must be interpreted
with caution because of the hyperextension present in
10 SR implant patients at follow-up. This hyperex-
tension leads to underestimating the overall extension
deficit.
ol. 47, July 2022



FIGURE 3: Range of motion, displayed using medians and interquartile ranges.

FIGURE 4: Patient satisfaction with treatment outcome on a 5-
point Likert scale. Categorization by reaching the MCID on the
MHQ satisfaction subscale.
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We found no differences in complications between
the silicone and SR implants, other than 10 swan
neck deformities in the SR implant group, which may
result from the anatomically neutral or preflexed
design of the NeuFlex implants.6

A strength of our study is the preoperative and
postoperative data collection of standardized patient-
reported outcome measures. However, our study
design has several limitations. Within our treatment
J Hand Surg Am. r V
center, the choice of PIP prosthesis was based on
surgeon preference, which could have led to selection
bias. Future research should assign implants in a
randomized manner to compare the 2 implant types
adequately. Although many surgeons performed
arthroplasties, the surgical procedure always follows
fixed steps, as described in the Materials and Methods
section, inducing a negligible difference in treatment.
Another limitation was the short follow-up period.
However, the study’s main aim was to evaluate the
effect of PIP arthroplasty on the reduction of pain
caused by osteoarthritis. The most improvement in
pain is seen during the first 3 months following sur-
gery. After 3 months, pain scores remain almost
stable, so we believe a follow-up period of 12 months
is sufficient to evaluate the effects of PIP arthroplasty
on pain reduction. Long-term follow-up studies are
needed to assess whether the initial pain reduction
and improvements in other patient-reported outcomes
after arthroplasty are sustained. Another limitation is
the amount of missing data. First, not all patients
completed the MHQ questionnaire 12 months after
surgery, even after sending a reminder (43%). Only
patients with both preoperative and 12-month post-
operative MHQ data were included. Of the included
patients, the preoperative and postoperative ROM
values were only available in 45 patients. This is a
result of our study design. We aim to evaluate
the results of our surgical interventions on a routine
ol. 47, July 2022



610 PATIENT-REPORTED OUTCOMES AFTER PIP ARTHROPLASTY
basis by inviting patients to complete web-based
questionnaires without burdening them by attending
the clinic. Secondly, not all patients filled out the
MHQ questionnaire at baseline. However, the num-
ber of patients included is relatively high compared to
previously reported research, and responders and
nonresponders were similar in their baseline charac-
teristics. The number of patients included was too
low for a feasible analysis of outcomes between
subgroups, including of the type of implant. Also,
complications may be underestimated. During the last
follow-up appointment, patients were instructed to
contact the clinic if they had any complaints. How-
ever, patients may have sought care elsewhere. When
comparing the revisions in this study to those in
previously published literature, the amount is rela-
tively low.25 Another limitation could be the variety
in indications for surgery. Some patients had an
accompanying indication besides pain, which played
a part in opting for surgery. We chose not to exclude
these patients because we believed exclusion would
lead to selection bias. Additionally, we aimed to give
an overview of outcomes following PIP joint
arthroplasty, measured prospectively in daily hand
surgery practice, that contains a variety of patients
with different degrees of pain before surgery. As
shown in this study, the degree of preoperative pain
does affect the probability of a relevant difference in
pain after surgery, and should be taken into account
during patient consultations.
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