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Background and purpose  Different results after shoulder
arthroplasty have been found for different diagnostic groups.
We evaluated function, pain, and quality of life after shoulder
arthroplasty in 4 diagnostic groups.

Patients and methods Patients with shoulder arthroplasties
registered in the Norwegian Arthroplasty Register from 1994
through 2008 were posted a questionnaire in 2010. 1,107 patients
with rheumatoid arthritis (RA), osteoarthritis (OA), acute frac-
ture (AF), or fracture sequela (FS) returned completed forms
(65% response rate). The primary outcome measure was the
Oxford shoulder score (OSS), which assesses symptoms and func-
tion experienced by the patient on a scale from 0 to 48. A second-
ary outcome measure was the EQ-5D, which assesses life quality.
The patients completed a questionnaire concerning symptoms 1
month before surgery, and another concerning the month before
they received the questionnaire.

Results Patients with RA and OA had the best results with a
mean improvement in OSS of 16 units, as opposed to 11 for FS
patients. Both shoulder pain and function had improved substan-
tially. The change in OSS for patients with AF was negative (-11),
but similar end results were obtained for AF patients as for RA
and OA patients. Quality of life had improved in patients with
RA, OA, and FS.

Interpretation Good resultsin terms of painrelief and improved
level of function were obtained after shoulder arthroplasty for
patients with RA, OA, and—to a lesser degree—FS. A shoulder
arthropathy had a major effect on quality of life, and treatment
with shoulder replacement substantially improved it.

Results after shoulder arthroplasty have traditionally been
presented as revision rates. A study on implant survival of
1,825 shoulder arthroplasties registered in the Norwegian
Arthroplasty Register (NAR) (Fevang et al. 2009) confirmed
other studies showing different prosthesis survival rates for
different diagnostic groups (Trail and Nuttall 2002, Robinson
et al. 2003, Sperling et al. 2007, Fevang et al. 2009). Further-
more, few randomized controlled trials have been performed to
study shoulder replacement (Gartsman et al. 2000, Boileau et
al. 2002, Lo et al. 2005, Kircher et al. 2009, Rahme et al. 2009).

Since the introduction of the Oxford shoulder score (OSS)
in 1996, its use has increased and it is now used in several
countries (Cloke et al. 2005, Flinkkila et al. 2006, Rosenberg
and Soudry 2006). It is used as an outcome measure in the
New Zealand National Joint Registry. In a study of shoulder
hemiarthroplasty, Rees et al. (2010) used the OSS to assess
patient-reported outcome and found that this score provided
valuable information about patient function and pain that was
not detected using survival analysis. A recent paper described
the OSS as a valid and feasible measure of shoulder function
in patients with rheumatic diseases who undergo shoulder sur-
gery (Christie et al. 2009).

In a previous study on knee arthroplasty comparing 3
implant types, revision rates were found to be similar but the
level of pain differed between patients with different brands
of prosthesis (Murray and Frost 1998). This illustrates how
revision rate does not fully reflect the results of an arthroplasty
procedure. With this background, we conducted a study of
function, pain, and quality of life in patients with shoulder
prostheses in Norway. The main purpose of our study was to
evaluate these factors in 4 major diagnostic groups.

Open Access - This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use,

distribution, and reproduction in any medium, provided the source is credited.

DOI 10.3109/17453674.2012.720118



468

Acta Orthopaedica 2012; 83 (5): 467-473

Table 1. Characteristics of non-responders and responders

Non-responders Responders p-value ¢
n = 662 n=1203"°

Mean age, years 2 71 67 < 0.001
Sex, % women 79 74 0.003
5-year prosthesis survival, % 91 93 0.5
Diagnosis

Rheumatoid arthritis 159 253 < 0.001

Fracture sequelae 141 218

Acute fracture 200 248

Osteoarthritis 162 388
Prosthesis type

Hemiprosthesis 493 683 < 0.001

Total prosthesis 25 98

Resurfaced hemiprosthesis 60 209

Reversed total prosthesis 84 213

2 Age at the time of primary operation.

b n includes all responders with all diagnoses.

¢ p-value derived from Chi-square test for sex, diagnosis, and
prosthesis type. For age, the Student t-test was used for
comparison of groups.

Material and methods

Patients

All patients 18 years or older with a shoulder arthroplasty that
was reported to the Norwegian Arthroplasty Register (NAR)
from 1994 through 2008 for any diagnosis except cancer,
were sent a paper questionnaire during February 2010 (n =
1,865). A reminder was sent to non-responders in June 2010.
662 patients did not return the questionnaire (Table 1). 1,203
patients returned completed forms (65% responder rate),
but only patients with rheumatoid arthritis (RA; n = 253),
osteoarthritis (OA; n = 388), acute fracture (AF; n = 248), or
fracture sequelae (FS; n = 218) were included in the analysis,
giving a study population of 1,107 patients.

From the NAR, data on patient demographics (Table 2),
diagnosis, type of prosthesis, date of surgery, and informa-
tion on revision surgery were collected. More than 1 diagnosis
was allowed, but for this study each patient was assigned 1
diagnosis according to a system where AF ranked above all
other diagnoses, FS ranked above RA and OA, and RA ranked
above OA.

Table 2. Characteristics of patients with the four major diagnoses

A revision was defined as an exchange or removal of parts
of the implant or the whole implant. 75 patients underwent
at least 1 revision operation. These patients were included
because we found it of equal interest to evaluate the end results
(pain, function, and quality of life) for these patients as for
those who were not reoperated. The patients were specifically
asked to consider the time before the primary operation when
answering the questionnaire regarding preoperative status.

All patients received a patient information letter and signed
a consent form, which was returned together with the ques-
tionnaire. The project was approved by the Regional Com-
mittee for Medical Research Ethics, Western Norway (date of
issue: 07/01/2009; registration number: 246:09).

A complete list of all prosthesis brands used in the study can
be found in the annual report for 2010 from the NAR (http://
nrlweb.ihelse.net/default.htm).

Outcome measures

The primary outcome measure was the OSS, which assesses
symptoms and function experienced by patients in relation to
shoulder surgery (Dawson et al. 1996). The OSS is suitable for
evaluation of all types of shoulder surgery except surgery for
instability. It contains 12 items, each with 5 response options,
scored from O to 4. A single figure ranging from 0O to 48 is
obtained by adding the scores from the 12 items, and O rep-
resents the worst possible state. The OSS has been shown to
be consistent, reliable, valid, and sensitive to clinical change
(Dawson et al. 1996, Christie et al. 2009, Desai et al. 2010).

The patients completed one questionnaire concerning symp-
toms and function 1 month before surgery and another con-
cerning symptoms and function at the time of receiving the
questionnaire. In addition to the total OSS, an OSS pain score
was calculated on the basis of the 4 questions relating to pain
(i.e. usual degree of pain, and pain at night) and an OSS func-
tion score was calculated based on the 8 questions concerning
activities (i.e. dressing, shopping, and eating) (Table 5). The
pain score ranged from O to 16 and the function score from 0
to 32.

The minimal clinically important difference (MCID) for
the OSS has been suggested to be 4.5 points (Wilson et al.
2009), which is approximately 10% of the total score, and we

Age at Hemi- Total Resurfaced Reversed
Sex, primary Age at Follow-up  prosthesis  prosthesis hemiprosthesis total prosthesis
n % women operation? follow-up 2 time P n (%) ¢ n (%) ¢ n (%) ¢ n (%) ¢

Rheumatoid arthritis 253 79 59 (14) 67 (13) 6 (4.4) 122 (48) 7 52 (21) 72 (29)
Fracture sequelae 218 79 67 (10) 72 (10) 1(7.7) 142 (65) 11 19 (9) 46 (21)
Acute fracture 248 85 71 (10) 76 (10) 3(3.3) 238 (96) 1 0 9
Osteoarthritis 388 63 69 (9) 74 (9) 6 (3.0) 144 (37) 68 (18) 124 (32) 52 (13)
2 mean (SD)

b Mean time (SD) since primary operation, years.

d Number and percentage with each prosthesis type in the diagnostic group.
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used this as the limit for an MCID.
The patient-acceptable symptom state

Table 3. Crude mean (SD) preoperative and current OSS and EQ-5D, and mean change in
0SS and EQ-5D, according to diagnosis

(PASS) is defined as the highest level

of symptoms that patients consider Mean (SD) Mean (SD) Mean (SD)  p-value 2
acceptable or satisfactory (Tubach et preoperatively  currently change
al. 2006). Based on the PASS thresh- 0SS total score
old for the OSS estimated in a recent Rheumatoid arthritis (n = 253) 16 (8) 31 (12) 15 (12) < 0.001
Fracture sequela (n = 218) 18 (12) 28 (13) 10 (16) < 0.001
study, we calculated the percentage Acute fracture (n = 248) 40 (15) 30 (12) ~11 (18) <0.001
of patients with PASS (Christie et Osteoarthritis (n = 388) 18 (9) 33 (12) 15 (14) <0.001
al. 2011). In that study, the old OSS EQ-5D
Rheumatoid arthritis (n = 253) 0.36 (0.20)  0.60(0.24)  0.25(0.29) < 0.001
was used and the PASS threshold was Fracture sequela (n = 218) 0.45(0.29) 060(025) 0.16(0.36) < 0.001
found to be around 27, which corre- Acute fracture (n = 248) 0.81(0.29)  0.60 (0.25) —0.20(0.34) < 0.001
sponds to 33 in the new OSS. Osteoarthritis (n = 388) 0.38 (0.20) 0.65 (0.25) 0.27 (0.30) < 0.001
. _ EQ-5DVAS
The OSS was translated into Nor Rheumatoid arthritis (n = 253) 42 (19) 62 (23) 21 (30) <0.001
wegian by 4 researchers (1 orthope- Fracture sequela (n = 218) 52 (27) 62 (27) 10 (34) <0.001
dic surgeon, 1 rheumatologist, 1 stat- Acute fracture (n = 248) 78 (25) 62 (24) —-16 (30) < 0.001
Osteoarthritis (n = 388) 45 (23) 67 (26) 22 (32) < 0.001

istician, and 1 medical student). The

translation was evaluated by a bilin-
gual orthopedic surgeon, and a blinded
back-translation was then done.

The secondary outcome measure
was the EQ-5D (http://www.euroqol.
org/home.html), which is a self-administered questionnaire
with 2 sections. The first part consists of 5 questions concern-
ing 5 dimensions of life: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, each of which is
scored from 1 to 3. The EQ-5D index score is calculated using
population-based preference weights and the score ranges
from 0 to 1, where 1 represents perfect health and 0 is death.
Negative values are allowed, and represent a health status con-
sidered to be worse than death. The second part is a 20-cm
vertical visual analog scale (EQ-VAS) ranging from 0 to 100,
where 0 is the worst imaginable health state and 100 is the best
imaginable health state.

Statistics

Paired t-tests were used to compare preoperative and current
OSS. To assess whether the difference (change) in EQ-VAS
varied between the diagnostic groups, analysis of variance
(ANOVA) was used (the results are only given in the text). A
multiple logistic regression model was used to compare the
odds of obtaining a PASS according to diagnosis, adjusted for
age, sex, revision state, and prosthesis type.

To estimate differences in mean change of the OSS between
the different diagnostic groups, a multiple linear regression
model with adjustment for prosthesis type, age (< 60, 60-70, >
70), sex, and revision state was performed (Tables 4 and 5). In
these analyses, AF patients were excluded because they gener-
ally had an opposite development with no or limited shoulder
problems before the shoulder arthroplasty and more prob-
lems after the procedure. Inclusion of this group would affect
the results and obscure comparison of the other 3 diagnostic
groups. The results for AF patients are presented in Tables 3
and 5 as crude means.

2 p-value for the difference between preoperative and postoperative values was calculated
using paired-samples t-test.

Results
Pain and function measured by the OSS

Preoperative pain and function, as measured by the OSS, was
similar for patients with OA and FS, and somewhat worse for
the RA patients, while a high preoperative OSS was seen in
AF patients (Table 3). The end-result in terms of mean current
OSS was more similar for the 4 diagnostic groups, but lowest
in the sequelae group and highest in OA patients. Crude mean
change in OSS from before the primary operation until the
time of receiving the questionnaire was 15 units for RA, 15 for
OA, 10 for FS, and —11 for AF, and for all groups the change
in OSS was clinically significant (> 4.5 units) and statistically
significant (p < 0.001) (Table 3).

In the adjusted analysis, patients with RA and OA had the
best results in terms of the greatest improvement in OSS, com-
pared to FS patients whose mean change in OSS was 4.4 units
less (p = 0.001) (Table 4). Furthermore, better results were
obtained using conventional and reversed total prostheses than
using hemiprostheses (Table 4).

In RA, FS, and OA, the preoperative OSS scores were clus-
tered in the lower region corresponding to seriously impaired
function (Figure). Conversely, 140 of the AF patients (57%)
scored 48 out of 48 in the preoperative score. Similar plots for
the change in OSS were seen for OA and RA patients while
the majority of AF patients had a negative change (Figure). A
negative change in OSS was seen in 12% of OA patients, 9%
of RA patients, and 17% of FS patients.

Patient-acceptable symptom state (PASS)

The percentage of patients reporting a PASS preoperatively
was 3 for RA patients, 5 for OA patients, 13 for FS patients,
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Table 4. Difference in change from preoperative Oxford shoulder score (OSS)
to postoperative OSS by diagnosis and prosthesis type, adjusted for sex,
age, and revision status

nP  Mean Adjusted p-value
change ¢ difference (95% ClI) 9

Diagnosis @

Rheumatoid arthritis 235 16.0 Ref.

Fracture sequelae 191 11.6 -44 (-7.0t0-1.8) 0.001

Osteoarthritis 336 15.9 -0.05 (-2.6t02.5) 1.0
Prosthesis type

Hemiprosthesis 354 10.9 Ref.

Total prosthesis 78 18.2 7.3 (38.8to11) < 0.001

Resurfaced 177 12.8 1.9 (-0.6t04.4) 0.1

Reversed 153 16.1 5.2 (2.6t0 7.8) < 0.001
Sex

Male 214 12.3 Ref.

Female 548 14.0 20 (-0.3t04.2) 0.09
Age in years

<60 220 13.4 Ref.

60-70 250 145 0.8 (-1.7t03.4) 0.5

> 70 292 12.7 -16 (4.2t01.0) 0.2
Undergone revision

No 703 141 Ref.

Yes 59 7.0 -7.3 (-11t0-38.7) <0.001

2 The patients who were operated due to acute fractures were excluded from
the analysis.

b n = 762 because 97 patients had missing values for at least one of the
included variables.

¢ For diagnosis and prosthesis type, the mean changes were adjusted for
sex, age, and revision status while unadjusted mean change is given for
sex, age group, and revision status.

d The difference in change compared to the reference group, with correspond-
ing p-values, calculated using linear regression analysis with adjustment for
the other variables.

Frequency Frequency

and 80 for AF patients. At the time of the study, 47%
of RA patients, 53% of OA patients, 41% of FS
patients, and 42% of AF patients were in PASS. In
the logistic regression analysis, no statistically sig-
nificant difference in the odds of being in PASS post-
operatively was identified between the 4 diagnostic
groups (OR =0.8,95% CI: 0.6-1.3 for FS; OR = 1.1,
CI: 0.7-1.6 for AF; and OR = 1.1, CI: 0.8-1.7 for
OA, all compared to RA).

Pain and function evaluated separately

Patients with RA, OA, and FS scored very low on
pain (i.e. high degree of reported pain) prior to the
operation with a mean preoperative OSS pain score
of about one quarter of a possible 16. The preop-
erative OSS function scores for these patient groups
were 12—-14 of 32 possible. The improvement appears
to have been more pronounced for pain than for func-
tion, with more than a doubling of the OSS pain score
and less than a doubling of the OSS function score.
Even so, the improvement was statistically signifi-
cant for both pain and function in RA, OA, and FS
patients (p < 0.001, paired-samples t-test; not shown
in Table 5). For both pain and function, the improve-
ment was smaller for patients with FS than for RA
patients. Patients with AF had the opposite develop-
ment, going from almost healthy shoulders to dam-
aged ones. The end results in terms of pain and func-
tion in AF patients were, however, in the same range
as for the other patient groups (Table 5).

Frequency
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Distribution of preoperative OSS (A), current OSS (B), and change in OSS (C) in patients with rheumatoid arthritis (RA), fracture sequelae (FS),
acute fracture (AF), and osteoarthritis (OA). The number of patients with a preoperative OSS of 48 (the best possible score) in the AF group was

140 and the number with a current OSS of 48 in the OA group was 40.
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Table 5. Preoperative OSS, current OSS, and change in OSS, divided into pain and function scores,

for patients with the four major diagnoses

and Iannotti 2002, Deshmukh
et al. 2005, Haines et al. 2006,
Sperling et al. 2007, Raiss et al.

Mean (SD) Mean (SD) Mean Adjusted p-value 2008, Foruria et al. 2010, Eke-

Diagnosis 2 preoperatively currently change P difference © lund and Nyberg 2011)

0SS pain Less encouraging results have
Rheumatoid arthritis 3.6 (2.2) 9.8 (4.5) 6.7 Ref. been reported in FS patients
Fracture sequelae 4.6 (4.1) 8.4 (4.3) 4.4 -2.4 < 0.001 : :
Acute fracture 13 (5.2) 9.6(41) 37 = = (Boileau et al. 2001, Haines
Osteoarthritis 3.6 (2.3) 9.5 (4.7) 6.4 -0.3 0.5 et al. 2006). In our study, OSS

0SS function improved in FS patients, but to
Rheumatoid arthritis 12 (6) 20 (8) 9.2 Ref. a lesser degree than for patients
Fracture sequelae 13 (9) 19 (9) 7.0 2.2 0.02 with OA and RA. and the end
Acute fracture 27 (10) 20 (9) -7.0 - - I ’ hat inferi
Osteoarthritis 14 (7) 23 (8) 9.5 0.4 0.7 results were somewhat inferior

to those for OA and RA. How-

2 The patients who were operated due to acute fractures were excluded from the regression analysis.

b For RA, FS, and OA, the mean changes were adjusted for sex, age, and revision status while unad-
justed mean change is given for acute fractures since they were not included in the analyses.

¢ The difference in change compared to the reference group, with corresponding p-values, calculated
using linear regression analysis with adjustment for age, sex, and prosthesis type.

Quality of life

The preoperative quality of life as measured by the EQ-5D
was similar and rather low for patients with RA and OA. For
FS patients, a tendency of a higher preoperative life quality
was seen. The end results were, however, identical for RA, FS,
and AF, while they were better in the OA group. The EQ-5D
improved by about 0.25 in the RA and OA groups, while the
improvement was smaller in the FS group (0.16) and a wors-
ening in quality of life was seen in the AF group, although the
end-result was equal to that in FS and RA patients (Table 3).
Similarly, an improvement of about 20 units in the EQ-VAS
was seen in patients with RA and OA, while for the FS group
the change was only 10 units (p < 0.001).

Patients with revisions

The mean change in OSS in patients who had undergone
revision surgery was 7, as compared to 14 for those without
revision (p < 0.001; AF patients excluded). Furthermore, the
mean change in EQ-5D was higher in patients who were never
revised than in those who were revised, 0.24 vs. 0.14 (p =
0.02). Finally, the odds ratio for obtaining PASS was 3 for
patients who had never been revised compared to those who
had (CI: 2-6).

Discussion

The major finding of the present study was that of good results
in terms of function, pain, and quality of life after shoulder
arthroplasty for patients with OA and RA. The improvement
in shoulder function and pain as measured by the OSS was
both statistically and clinically significant. Previous studies
of shoulder arthroplasty in patients with RA and OA have
similarly found improvement in function and pain (Norris

ever, as shoulders with fracture
sequelae are very often badly
damaged both with respect to
the shoulder joint and the rotator
cuff, the results in these patients
may be considered satisfactory.
We have previously shown that FS patients have the worst out-
come in terms of implant survival (Fevang et al. 2009). On the
other hand, patients with AFs had OSS end results that were
as good as those for RA patients and they have been shown to
have the lowest risk of revision (Fevang et al. 2009).

Interestingly, the improvement in function was almost as
good as for pain, while the indication for surgery is most often
pain. The improved function may be due to less pain, but even
s0, the finding of good functional results should be considered
when evaluating the indication for shoulder arthroplasty.

To gain a better understanding of the OSS results, the
scores were dichotomized according to a cut-off value (PASS)
obtained from a recent study (Christie et al. 2011). Using this
cut-off value, 40-50% of our patients were defined to be in
PASS in 2010 (at the time of filling in the questionnaires).
This was a vast improvement for RA and OA patients in par-
ticular (i.e. from 5% to 50% for OA patients), but also for
FS patients. A higher percentage of patients in PASS might
have been found if the patients had been assessed earlier (i.e.
at 1 year postoperatively) and if patients with revisions had
been excluded. Even so, the rather large group that did not
achieve PASS indicates that although a substantial improve-
ment is obtained, the end-result may still not be completely
satisfactory.

Impairment in the general health status, as measured by the
preoperative EQ-5D, was seen in patients with a preoperative
shoulder disease (OA, RA, or FS). It has been shown that
general health perception scores decrease steadily after the
age of 50 (Boorman et al. 2003). Even so, patients with acute
fractures who were older than the other patients reported
markedly better scores on preoperative EQ-5D than those in
the other 3 groups. This shows that the shoulder arthropathy
causing the shoulder operation had substantial effects on sev-
eral aspects of life quality. This was further illustrated by the
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finding of a substantial improvement in EQ-5D after surgery.
Similar findings have been described in patients with shoul-
der osteoarthritis (Lo et al. 2005), and Boorman et al. (2003)
described similar improvement in health status for shoulder
arthroplasty as for hip arthroplasty. A recent study showed
comparable improvements in EQ-5D after hip arthroplasty
and knee arthroplasty (0.31 and 0.22, respectively) to what
we found after shoulder arthroplasty (Jansson and Granath
2011).

The improvement in EQ-5D was markedly lower for the FS
group, and this probably reflects the higher preoperative score
in this group. RA is a systemic disease that affects general
health status, but why the OA patients had a lower preopera-
tive life quality than FS patients is less obvious. Some OA
patients may have impaired quality of life because of poly-
articular disease, and others because of comorbidity associ-
ated with a high BMI—which is a risk factor for osteoarthritis.
With a better preoperative status in the FS group, superior end
results would be expected in this group. That this is not the
case strengthens the impression of less favorable results after
shoulder arthroplasty for this indication.

Another important finding was that total prostheses had
better results than hemiprostheses in terms of pain and func-
tion (OSS). Similar findings were reported in 2 review articles
comparing hemiprostheses and total prostheses (Bryant et al.
2005, Radnay et al. 2007). Our results support the increasing
use of total prostheses currently taking place in Norway. The
major interest of our study was not prosthesis type. A detailed
analysis of pain and function according to prosthesis type will
be part of our next study.

Strengths and weaknesses

A weakness of our study was the response rate of 65%. The
non-responders differed from the responders in that there
were more women who were older, and they more often had
AFs. Although we cannot know whether the results in the
non-responder group would have differed from those of the
responders, the similar revision rates in the groups suggest
that there were no large differences in results between the
responders and the non-responders. Even so, the proportion
of hemiprostheses in the non-responder group was higher and
the indication for revision may be different for hemiprosthe-
ses than for total prostheses. Thus, a similar revision rate may
not fully ensure a lack of difference in results between non-
responders and responders. The retrospective collection of
preoperative scores was another weakness of our study. How-
ever, it has been shown that in larger groups of people, there
is no statistically significant nor clinically relevant difference
between a recollected OSS score and a contemporary score—
although it was found that there was a slight tendency to over-
estimate the symptoms when remembering them (Wilson et al.
2009). We believe that the consistency of our results confirms
this, as shown, for example, by the similarity of preopera-
tive scores for RA and OA patients and by the correlation of

EQ-5D and OSS results (i.e. with RA scoring being worst for
all preoperative parameters; Table 3).

A major strength of our study was the very large study
population, which allowed comparison of different diag-
nostic groups and adjustment for possible confounders. To
our knowledge, there have been no studies assessing func-
tion, pain, and quality of life after shoulder replacement in
such a large study population. Also, our study was based on
national registry data—which means that the study population
was from a real-life setting. Thus, we contacted and included
patients who had been operated at all types of hospitals, and
there was a large spectrum of implants.

Conclusion

Good results in terms of improved pain, function, and quality
of life were observed after shoulder arthroplasty for patients
with RA, OA, and FS—although somewhat inferior results
were seen in the group with sequelae. AF patients had as good
end results as the other diagnostic groups. Shoulder function
improved almost as much as pain. A shoulder arthropathy has
a major effect on life quality, and treatment with shoulder
replacement not only improves shoulder function and reduces
pain in the shoulder, but it also significantly improves quality
of life.
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