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Diabetes Mellitus Blunts the Symptoms,
Physical Function, and Health-
Related Quality of Life Benefits of
Total Knee Arthroplasty: A Systematic
Review With Meta-analysis of Data
From More Than 17000 Patients

© OBJECTIVE: To compare physical function,
pain, impairments (stiffness, range of motion,
and strength), and health-related quality of life
(HRQoL) outcomes between patients with and
without diabetes mellitus, before and after a total
knee arthroplasty (TKA).

© DESIGN: Prognosis systematic review.

@ LITERATURE SEARCH: We searched MED-
LINE/PubMed, CINAHL, SPORTDiscus, and Web of
Science to August 2019.

@ STUDY SELECTION CRITERIA: We included
longitudinal studies that examined physical func-
tion, pain, impairments, and HRQoL outcomes
among patients receiving a TKA and with or
without diabetes.

© DATA SYNTHESIS: For quantitative synthesis,
we stratified outcomes based on time relative to
TKA: preoperative, less than 1 year after a TKA
(early postoperative), and 1 year or more after a
TKA (late postoperative). We used random-effects
meta-analysis to calculate standardized mean
differences (SMDs) and 95% confidence intervals
(Cls). We used the Grading of Recommendations

Assessment, Development and Evaluation system
for qualitative synthesis.

© RESULTS: We included 21 studies (n = 17472
patients). Patients with diabetes mellitus had worse
preoperative physical function (SMD, -0.16; 95%

Cl: -0.24, -0.08) and HRQoL (SMD, -0.16; 95%

Cl: -0.26, -0.05), worse early postoperative pain
(SMD, -0.22; 95% Cl: -0.39, -0.05) and strength
(SMD, -0.45; 95% Cl: -0.77,-0.14), and worse late
postoperative physical function (SMD, -0.23; 95% Cl:
-0.40, -0.06), range of motion (SMD, -0.23; 95% Cl:
-0.46, 0.00), and HRQoL (SMD, -0.19; 95% CI: -0.29,
-0.08) than patients without diabetes mellitus. The
overall risk of bias across studies was high, and the
certainty of evidence ranged from low to very low.

© CONCLUSION: Patients with diabetes mellitus
had worse patient-reported and clinician-assessed
outcomes before and after a TKA. Given the
limitations of included studies, these results may
change with future research. J Orthop Sports

Phys Ther 2021;51(6):269-280. Epub 19 Apr 2021.
doi:10.251%jospt.2021.9515

@ KEY WORDS: comorbidity, lower extremity,
outcomes, replacement

he coexistence of diabetes
mellitus and arthritis is a
leading cause of functional
deficits in older adults.92+!
In the United States, the preva-

lence of arthritis among adults
with diabetes mellitus is approximately
50%."° Diabetes mellitus can accelerate
joint degeneration,® leading to rapid
disease progression that limits range of
motion (ROM), inhibits strength, wors-
ens arthritis symptoms (eg, pain and
stiffness), and perpetuates loss of physi-
cal function. Total knee arthroplasty
(TKA) is often indicated to improve
physical function and mobility."?®* How-
ever, the physiological stress response
of surgery, compounded with diabetes
mellitus pathogenesis, can elevate glu-
cose levels, increase the risk of compli-
cations, impair healing, and attenuate
postoperative gains.>*® Patients with
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diabetes mellitus may be realizing fewer
TKA benefits while being subjected to
greater risks than those without diabe-
tes mellitus.

A previous systematic review® identi-
fied an increased risk for complications
and worse function (measured with the
Knee Society Score [KSS]) among pa-
tients with diabetes mellitus compared
to patients without diabetes mellitus.
However, it is unclear whether diabetes
mellitus also has negative effects on oth-
er key patient-reported outcome mea-
sures, such as the Western Ontario and
McMaster Universities Osteoarthritis
Index (WOMAC),* or clinical measures
of knee symptoms and impairments.
We consider improvements in knee
symptoms (eg, pain, stiffness), strength,
ROM, and health-related quality of life
(HRQoL) as hallmarks of successful
TKA, given their strong associations
with function.

Summary evidence to guide discus-
sion about prognosis and patients’ expec-
tations would facilitate shared decision
making between clinicians and patients
with diabetes mellitus. The purpose of
our systematic review with meta-anal-
ysis was to compare physical function,
pain, impairments (stiffness, ROM, and
strength), and HRQoL outcomes be-
tween patients with and without diabetes
mellitus, before and after a TKA.

METHODS

HE REPORTING OF THIS SYSTEMATIC

review followed the Preferred Re-

porting Items for Systematic re-
views and Meta-Analyses (PRISMA)
guidelines.®

Data Sources

We searched MEDLINE/PubMed, CI-
NAHL, SPORTDiscus, and Web of Sci-
ence from database inception to April
2018. We repeated the search in Decem-
ber 2018 and August 2019 to identify any
new articles. Reference lists were hand
searched to identify articles that were
missed in the database search.

| LITERATURE REVIEW ]

Eligibility Criteria

Peer-reviewed manuscripts that met the
criteria for study design, population, ex-
posure, and outcomes were included. In-
cluded studies had cohort or case-control
designs and examined the influence of di-
abetes mellitus on function, pain, impair-
ments (stifftness, ROM, and strength),
and HRQoL outcomes before and after
TKA. The exposure variable, diabetes
mellitus, was confirmed with medical re-
cords (eg, International Classification of
Diseases [ICD] codes) or laboratory tests
(eg, blood glucose).

Search Strategy

Population, exposure, and outcomes de-
fined the systematic search. When ap-
plicable, medical subject headings or key
terms were used and adapted to each da-
tabase (the PubMed search is displayed
in APPENDIX A, available at www.jospt.
org). Search results were imported into
and managed in Mendeley Version 1.19.2
(Elsevier, Amsterdam, the Netherlands).

Study Selection

Two reviewers independently screened
titles, abstracts, and full-text articles for
eligibility. Disagreements were resolved
by consensus or by a third reviewer if
consensus could not be reached. Reasons
for full-text exclusions were recorded.

Quality Assessment
Two reviewers independently assessed
study quality using the Newcastle-Ot-
tawa scale (NOS). Disagreements were
resolved by consensus or by a third re-
viewer if consensus could not be reached.
The NOS comprises 8 items to as-
sess selection (4 items), comparability (1
item), and exposure/outcome (3 items).
Fulfilled criteria received a star, with a
maximum of 4 for selection, 2 for compa-
rability, and 3 for exposure/outcome. For
comparability, we selected body mass in-
dex (BMI), a leading risk factor for poor
outcomes for both diabetes mellitus and
arthroplasty,'>?° as a primary covariate,
so that studies controlling for BMI were
given a star. Other study covariates war-

ranted a second comparability star. Stud-
ies with 3 or more stars for selection, 1 or
more for comparability, and 2 or more for
outcome were considered to be of good
quality. Studies with 2 stars for selec-
tion, 1 or 2 stars for comparability, and
2 or 3 stars for outcome were considered
to be of fair quality. Those studies with
fewer stars were considered to be of poor
quality.* Interexaminer reliability was
assessed with Cohen’s kappa (less than
0.60, weak; 0.60-0.79, moderate; and
0.80 or greater, strong).*!

Data Extraction

Two reviewers independently extracted the
following data items from each included
study: country, objectives, design, surgery,
diabetes mellitus indicator, sample size,
criteria, age, BMI, sex, follow-up period,
and statistical analyses. Summary data (eg,
means, SDs) for physical function, pain,
stiffness, ROM, strength, and HRQoL
were extracted. We stratified outcome data
as preoperative, early postoperative (less
than 1 year post TKA), or late postopera-
tive (1 year or more post TKA) to account
for potential plateaued functional recovery
within the first postoperative year.>*

Data Analysis

We established a hierarchy for outcome
analysis and data synthesis to account for
studies that reported more than 1 mea-
sure per outcome and shared the same
time relative to surgery (preoperative,
early postoperative, and late postopera-
tive). When appropriate, we prioritized
patient-reported measures over clinician-
based measures, psychometric properties
reported in the literature,*” the number
of studies sharing the same measure,
and measures of cumulative versus sin-
gle measurement (eg, total ROM versus
flexion only). The hierarchy for each out-
come is reported in APPENDIX B (available
at www.jospt.org).

The quantitative synthesis was a
random-effects meta-analysis for each
outcome reported by more than 1 study
within each time-point subgroup (pre-
operative, early postoperative, and late
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postoperative). When necessary, SDs were
computed from the standard error of the
mean.?® All outcome measures were scaled
so that larger values suggested better out-
comes. We calculated standardized mean
differences (SMDs) and 95% confidence
intervals (CIs) to compare outcomes be-
tween patients with and without diabetes
mellitus. A positive SMD indicated supe-
rior outcomes for the diabetes mellitus
group compared to the non-diabetes mel-
litus group. We assessed statistical hetero-
geneity using the I? statistic,” in which a
score of less than 40% indicates low het-
erogeneity and a score of 40% or greater
suggests high heterogeneity.

For individual studies with data that
were not pooled, we calculated effect
sizes and interpreted them, per Cohen’s
d, as negligible (less than 0.20), small
(0.20-0.49), medium (0.50-0.79), or
large (0.80 or greater).*

For qualitative synthesis, we used
the Grading of Recommendations As-
sessment, Development and Evaluation
(GRADE) criteria to determine whether
the certainty of evidence was high, mod-
erate, low, or very low. The rating was
specific to the body of studies reviewed
for each outcome (physical function,
pain, impairments, and HRQoL) and
at each time point (preoperative, early
postoperative, and late postoperative).
The certainty of evidence was first rated
based on study design. A high rating was
given when most studies (greater than
50%) had randomized designs. A low
rating was given when most studies were
observational trials. Ratings were up-
graded when effect sizes were very large
or downgraded based on study limita-
tions, inconsistencies, indirectness, im-
precision, and publication biases.*'®

Study limitations were assessed and
downgraded based on NOS scores. For
outcomes with only good-quality stud-
ies, limitations were rated as not serious
and were not downgraded. For outcomes
with any number of fair- or poor-quality
studies, limitations were rated as serious
and downgraded 1 level. Outcomes with
mostly poor-quality studies (ie, 50% or

greater) were rated as very serious and
downgraded 2 levels.

The remaining factors of inconsisten-
cies, indirectness, imprecision, and pub-
lication biases were rated at 2 levels. A
minor or no violation across most studies
received a “not serious” designation and
was not downgraded, whereas a violation
of the criteria by most studies was rated
as “serious” and downgraded 1 level. For
outcomes with half the studies suggesting
that we downgrade a factor and half of
the studies suggesting that we not down-
grade, we prioritized the studies that
were meta-analyzed.

Inconsistencies were considered seri-
ous and downgraded when the 95% ClIs
between most studies did not overlap.
Indirectness was considered serious and
downgraded when most studies differed
in population, intervention, and outcome.
Population differences were evaluated by
diabetes mellitus diagnosis and definition
(type 2 diabetes mellitus versus type 1 di-
abetes mellitus and diagnostic confirma-
tion via chart review or medical history

versus laboratory testing). Intervention
differences were evaluated by type of
surgery (primary versus secondary) and
by how bilateral TKAs and postoperative
complications were managed. Outcome
differences were based on how measures
were managed. For example, HRQoL
can be scored and measured as physical
only, emotional only, or a combination
of the two, depending on the measure-
ment. Inconsistencies and indirectness
required 2 or more studies; therefore, an
outcome with 1 study was marked as not
applicable. Imprecision was considered
serious and downgraded when, in most
studies, 95% ClIs were not reported, un-
able to be calculated, or deemed signifi-
cant but crossed zero. Publication biases
were considered serious and downgraded
for retrospective designs.

RESULTS

F 2132 STUDIES IDENTIFIED AND
screened, 21 met eligibility criteria
(FIGURE 1) and yielded 17472 pa-

- Records identified through database
-% searching , n = 2279
g + PubMed, n =305
= - Web of Science, n =208
S |- SPORTDiscus, n =28
» CINAHL, n=1738
—bi Duplicates removed, n = 147
A
Reco_rdzslgfzter duplicates removed, Records excluded by title and abstract,
o n= n = 2087
£  Not peer reviewed, n =10
g "] « Review article, n =117
3 + Not including diabetes mellitus, n = 1446
« Not including arthroplasty, n = 514
Records screened by full text, n = 45 Records excluded by full text, n = 24
> + Case series,n=1
E « Arthroplasty (not of the knee), n =3
= P « Nooutcomes,n=3
= « Failure to link postarthroplasty function
to diabetes mellitus status, n = 14
- Y » No comparison group, n =3
[<5)
E Studies included, n = 21
2
]
FIGURE 1. Flow chart of the study-selection process.
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tients. Mean ages ranged from 64 to 73
years and mean BMIs ranged from 22.0
to 38.5 kg/m? Eighteen studies reported
the sex of patients, of whom 6046 (62%)
were female. Ten studies were conducted
in the United States (67% of the total
patient sample), 3 in Canada (5%), 4 in
the United Kingdom (21%), and 1 each
in Singapore (5%), Korea (2%), Finland
(less than 1%), and Japan (less than 1%)
(APPENDIX C, available at www.jospt.org).

Quality Assessment

Per the NOS, 12 studies (57%) were
of good quality and 9 studies were of
poor quality*! (TABLE 1). Three studies
were prospective,>?>** 10 studies in-
volved retrospective data,26:29:32:36:41.47.45,
9354 and 8 studies recruited participants
from databases but completed prospec-
tive follow-ups.9121415:2549.50.52 Nine stud-
ies controlled for BMI.o1+15:22:25414447.50
Diabetes mellitus was defined via

| LITERATURE REVIEW ]

documented diagnosis in 11 stud-
ies’3,11,12,144,15,22,32,41,447,448,54 ICD_9 codes in 3
studies,?*°° hemoglobin Alc in 6 stud-
ies,92326:364453 and random blood glucose
in 1 study.®® Postoperative follow-up was
early in 6 studies and late in 18 studies.
Late postoperative follow-up occurred
at 1 year in 8 studies,®'21415:26:29.32.53 gt 9
years in 3 studies,*>*? at 3 years in 1
study,?” and between 1 and 14 years in 9
studies.??>3236414750 Tpterexaminer reli-
ability for NOS scoring was strong for
selection (k = 0.87) and comparability
(k = 0.87) and moderate for exposure/
outcome (K = 0.75).

Study designs were observational;
therefore, GRADE ratings of outcomes
with 2 or more studies started at low
quality for each outcome. Additional
limitations, inconsistencies, indirectness,
imprecision, and/or publication biases
resulted in downgraded GRADE ratings
(TABLE 2).

QUALITY INDEX PER THE NEWCASTLE-OTTAWA
SCALE FOR OBSERVATIONAL STUDIES?
Exposure/

Study Selection Comparability Outcome Score Quality
Amusat et al® 3 1 1 5 Poor
Brock et al’ 4 2 2 8 Good
Cheuy et al* 3 2 3 8 Good
Clement et al? 4 1 2 7 Good
Fisher et al** 3 2 g 8 Good
Gandhi et al*® 4 2 3 9 Good
Jones et al?? 4 2 1 7 Poor
Lavernia et al® 4 2 2 8 Good
Lenguerrand et al® 4 2 2 8 Good
Magone et al”® 4 1 2 7 Good
Meding et al*? 4 0 3 7 Poor
Moon et al*® 4 2 3 9 Good
Papagelopoulos et al** 4 2 2 8 Good
Rajamaki et al** 3 2 1 6 Poor
Robertson et al*’ 3 2 2 7 Good
Serna et al®® 4 1 1 6 Poor
Singh® 1 1 1 3 Poor
Singh and Lewallen® 4 2 1 7 Poor
Teoetal® 4 0 3 7 Poor
Wada et al*® 4 2 3 9 Good
Wang et al** 1 0 2 3 Poor
Values are number of stars (selection, 0-4; comparability, 0-2; exposure/outcome, 0-3; overall score, 0-9).

Preoperative Physical Function
Preoperative physical function differences
between patients with and without diabe-
tes mellitus were reported by 11 studies
using 6 questionnaireSS,l1,12,25,32,36,441,47,50,52,53
(APPENDIX D, available at www.jospt.org).
Nine of the 11 studies had adequate data
for pooling and included 2 good-quality
studies'*® and 1 poor-quality study® that
reported WOMAC function scores, 1
good-quality study" and 1 poor-quality
study®? that reported Oxford Knee Score
(OKS) scores, 3 good-quality studies®147
that reported KSS function scores, and 1
good-quality study that reported scores
from the new KSS function scale.’® There
was low-certainty evidence that patients
with diabetes mellitus had significantly
worse preoperative function than those
without diabetes mellitus (SMD, -0.16;
95% CI: -0.24, -0.08; I* = 13.9%) (FIGURE
2). Two poor-quality studies had inad-
equate data and were not pooled.?**° We
downgraded the evidence because of the
number of low-quality studies and retro-
spective designs (TABLE 2).

Preoperative Pain, Impairments, and HRQoL
Preoperative pain was reported in 6 stud-
ies using 5 measures,>!26:323644 stiffness
in 2 studies using 1 measure,"*¢ ROM
in 5 studies with 4 techniques,154752:53
strength in 2 studies with 2 tech-
niques,™*® and HRQoL in 3 studies us-
ing 3 measures®'>*2 (APPENDIX E, available
at www.jospt.org).

Preoperative HRQoL meta-analysis in-
cluded 1 good-quality study using the Med-
ical Outcomes Study 12-Item Short-Form
Health Survey (SF-12),2 1 poor-quality
study using the Medical Outcomes Study
36-Item Short-Form Health Survey (SF-
36),%2 and 1 poor-quality study using the
Health Utilities Index Mark 3.° There was
very low-certainty evidence that patients
with diabetes mellitus had significantly
worse preoperative HRQoL than those
without diabetes mellitus (SMD, -0.16;
95% CI: -0.26, -0.05; I? = 0%) (FIGURE 3).
We downgraded the evidence given poor
study qualities, population differences, and
retrospective designs (TABLE 2).
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There was low-certainty evidence
(TABLE 2) for no difference in preopera-
tive pain (SMD, -0.07; 95% CI: -0.20,
0.06), stiffness (SMD, -0.03; 95% CI:
-0.25, 0.18), ROM (SMD, -0.06; 95%
CI: -0.20, 0.08), or strength (SMD,
0.10; 95% CI: -0.21, 0.42) between pa-
tients with and without diabetes melli-
tus. Meta-analysis of preoperative pain
included 2 good-quality studies™¢ and 1
poor-quality study? that used the WOM-
AC pain subscale and 1 good-quality
study?®® that used the KSS pain subscale
(FIGURE 4). Heterogeneity was low (I? =
0%). Pain data not pooled included the
WOMAC pain subscale from 1 good-

quality study? and 1 poor-quality study??
due to inadequate data.

Meta-analysis of preoperative WOM-
AC stiffness scores included 2 good-qual-
ity studies.”¢ Heterogeneity among the
pooled studies was low (I = 0%). Meta-
analysis of preoperative knee extension
strength included 2 good-quality stud-
ies.’*3 Heterogeneity among the pooled
studies was low (I = 0%). Meta-analysis
of preoperative ROM (FIGURE 5) included
2 good-quality studies reporting total
ROM"#7 and 1 good-quality study®® and
1 poor-quality study® reporting flexion
ROM. Heterogeneity among the pooled
studies was low (I* = 27%). One poor-

quality study reporting flexion ROM was
not pooled due to the lack of appropri-
ate data'® (APPENDIX G, available at www.
jospt.org). We downgraded the evidence
given the variability in diabetes mellitus
definitions (eg, diabetes mellitus with?2¢
versus without laboratory value con-
firmations'), mechanisms of TKAs (e,
primary®? versus nonprimary®® TKAs),
and limited number of studies that were
mostly of poor quality for each outcome
(TABLE 2).

Early Postoperative Physical Function
Early postoperative physical function
differences between patients with and
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GRADE EVIDENCE PROFILE
Time Point/Outcome Studies, n Limitation? Inconsistency® Indirectness® Imprecision® Publication Bias®  GRADE Score'
Pre TKA
Physical function il Serious Not serious Not serious Not serious Serious Low
Pain 6 Serious Not serious Not serious Not serious Serious Low
Stiffness 2 Not serious Not serious Not serious Serious Serious Low
Range of motion 5 Serious Not serious Not serious Not serious Serious Low
Strength 2 Not serious Not serious Not serious Serious Serious Low
HRQoL 3 Very serious Not serious Serious Serious Serious Very low
Early post TKA
Physical function 6 Serious Serious Not serious Serious Serious Very low
Pain 5 Very serious Not serious Not serious Serious Serious Very low
Stiffness 2 Not serious Serious Not serious Serious Serious Very low
Range of motion 3 Not serious Serious Not serious Not serious Serious Low
Strength 2 Not serious Not serious Not serious Not serious Serious Low
HRQoL 1 Very serious NA NA NA Not serious Low
Late post TKA
Physical function 12 Serious Serious Not serious Serious Serious Very low
Pain 6 Serious Serious Serious Serious Serious Very low
Stiffness 2 Not serious Serious Not serious Serious Serious Very low
Range of motion 5 Serious Serious Not serious Not serious Serious Very low
Strength 1 Not serious NA NA NA Serious Low
HRQoL 5 Serious Not serious Serious Serious Serious Very low
Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; HRQoL, health-related quality of life; NA, not applicable;
TKA, total knee arthroplasty.
aMethodological quality of studies was assessed by the Newcastle-Ottawa scale, with a I-level downgrade for any number of fair- or poor-quality studies and a
2-level downgrade for 50% or greater poor-quality studies.
bPoint estimates varied widely across studies; downgrade for confidence intervals showing minimal or no overlap or, when appropriate, if I’>40%.%
Assess population, intervention, and outcome measure; downgrade for differences between studies.
4The 95% confidence interval is unable to be calculated, or a wide interval represents different conclusions.
Potential selection or recruitment bias from a previous study or retrospective database.
The outcome of the GRADE rating is defined in 4 categories, based on the confidence in estimated effects and the need for future research to change the estimated
effects: high, very confident; moderate, moderately confident but the estimated effect is likely to change; low, limited confidence and the estimated effect is very
likely to change; very low, little confidence and the estimated effect is very likely to change.”®

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 51 | NUMBER 6 | JUNE 2021 | 273


http://www.jospt.org
http://www.jospt.org

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at University of Texas Medical on September 6, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

without diabetes mellitus were exam-
ined by 6 studies using 4 questionnaires,
from 5 days to 6 months following sur-
gery>1:22265354 (APPENDIX D). Four of the
6 studies had adequate data for pooling.
The 4 studies included 2 good-quality
studies?¢ and 1 poor-quality study® us-
ing the WOMAC function subscale and
1 good-quality study using the physical
function subscale of the new KSS.%? There
was very low-certainty evidence (TABLE 2)
for no difference in early postoperative
physical function (SMD, -0.19; 95% CI:
-0.48, 0.11; 1> = 63.8%) (FIGURE 2). One
poor-quality study?* was not pooled be-

| LITERATURE REVIEW ]

cause follow-up time for postoperative
WOMAC function ranged between 6
months and 3 years, precluding differ-
entiation between early and late postop-
erative periods. Other early postoperative
studies that were not pooled included 1
poor-quality study® examining Func-
tional Independence Measure motor
scores, due to the lack of data reported,
and a good-quality study" that examined
physical performance (ie, timed up and
go and 30-second sit-to-stand), because
its WOMAC function scores were already
pooled. We downgraded the evidence
given the heterogeneity, high number

Physical Function

Clement et al -0.16 (-0.29, -0.03)

Teo et al®? -0.22 (-0.41,-0.03)
Moon et al*® -0.22 (-0.43,-0.01)
Papagelopoulos et al* -0.59 (-094, -0.25)
Robertson et al*’ -0.04(-018, 0.11)
Wada et al®® 0.05 (-0.57,0.67)
Random-effects model -0.16 (-0.24, -0.08)
Early post TKA
Amusat et al’ -0.30 (-0.58, -0.03)
Cheuy et al" 0.09 (-0.28, 0.45)
Lenguerrand et al® 0.00(-0.29,0.29)
Wada et al®® -0.81(-1.46,-0.17)
Random-effects model -0.19(-048,0.11)
Late post TKA

Clement et al? -0.16 (-0.28, -0.03)

Teo et al®? -0.32 (-0.51, -0.13)
Moon et al*® 0.00(-0.21,0.21)
Papagelopoulos et al*! -0.54 (-0.88, -0.20)

Robertson et al*
Wada et al*®
Random-effects model

-0.86 (-L51, -0.21)

(
-007 (022, 0.07)
(
-0.23 (-0.40,-0.06)

Time Point/Study SMD (95% Confidence Interval)
Pre TKA
Amusat et al® -0.14 (-041,0.14) —
Cheuy et al* -017 (-0.54,0.19) —T
Lenguerrand et al® -0.06 (-0.33, 0.21) T

T T
0.0 10 20

Worse Function Better Function

effects model did not cross zero.

Abbreviations: SMD, standardized mean difference; TKA, total knee arthroplasty.
1 ———

FIGURE 2. Forest plot for physical function between those with and without diabetes mellitus before a TKA, within

12 months following a TKA, and 1 year or more following a TKA. Group differences were calculated as the difference
between those with and without diabetes mellitus. Higher scores represented better function; therefore, a random-
effects model value less than zero suggested worse function for those with diabetes mellitus than for those without
diabetes mellitus. Group differences were considered significant when the 95% confidence interval of the random-

of low-quality studies, retrospective de-
signs, and mixed findings (TABLE 2).

Early Postoperative Pain, Impairments,
and HRQoL

Early postoperative pain was reported
in 5 studies with 3 measures,>'?226:32
strength in 2 studies using 2 tech-
niques,"*> ROM in 3 studies using 4 tech-
niques,™> stiffness in 2 studies with 1
measure,»?® and HRQoL in 1 study with
1 measure® (APPENDIX E).

Meta-analysis was performed for
3-month WOMAC pain scores from 2
good-quality studies™? and 1 poor-quality
study.? There was very low—certainty evi-
dence (TABLE 2) that patients with diabe-
tes mellitus had significantly worse early
postoperative pain than those without
diabetes mellitus (SMD, -0.22; 95% CI:
-0.39, -0.05; I* = 0%) (FIGURE 4). Three
pain measures from 3 studies were not
pooled. In 1 poor-quality study,>> WOMAC
pain scores between 6 months and 3 years
were combined and were unable to be dif-
ferentiated between early and late postop-
erative periods. In 1 poor-quality study,>
KSS pain data were inadequate and not
pooled (APPENDIX E). Data from 1 good-
quality study?® included both WOMAC
pain and visual analog scale (VAS) scores;
therefore, VAS results were excluded. Ef-
fect sizes for the nonpooled studies ranged
between small and negligible (d = 0.31-
0.15). We downgraded the evidence for
early postoperative pain given the poor
study qualities, retrospective designs, and
small to negligible effect sizes (TABLE 2).

Early postoperative knee extension
strength was pooled from 2 good-quality
studies.”® There was low-certainty evi-
dence (TABLE 2) that patients with diabe-
tes mellitus had significantly worse early
postoperative strength than those with-
out diabetes mellitus (SMD, -0.45; 95%
CI: -0.77, -0.14; I* = 0%) (FIGURE 6). We
downgraded the evidence given the retro-
spective study designs, risk of publication
biases, and different measurement and
normalization methods (TABLE 2).

Early postoperative ROM was pooled
from 2 good-quality studies."** There
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was low-certainty evidence (TABLE 2) for
no significant group differences for early
postoperative ROM (SMD, -0.26; 95%
CI: -0.73, 0.22; I? = 45.3%). Nonpooled
studies included 1 good-quality study®
with insufficient data that reported a
higher proportion of patients with diabe-
tes mellitus than those without diabetes
mellitus who did not achieve a 90° flexion
cutoff at 6 weeks. We downgraded the ev-
idence given the high heterogeneity and
retrospective designs among the studies.

Early postoperative WOMAC stiffness
scores were pooled from 2 good-quality
studies.'>?6 There was very low—certainty
evidence (TABLE 2) for no significant group
differences (SMD, -0.94; 95% CI: —-2.89,
1.01; I?> = 98.3%). We downgraded the
evidence given the high heterogeneity,
mixed findings, and retrospective design
of the studies.

Early postoperative HRQoL from 1
poor-quality study® was worse for diabe-
tes mellitus at 3 months, no different at
1 and 6 months, and had small to negli-
gible effect sizes (d = 0.23-0.07) (TABLE 2,
APPENDIX E).

Late Postoperative Physical Function

Late postoperative physical function dif-
ferences between patients with and with-
out diabetes mellitus were assessed by 12
studies using 6 measures, ranging from 1
tO 14< yearsQ,12,22,26,32,36,41,47,48,50,52,53 post TKA
(APPENDIX D), and physical function was
worse overall for those with diabetes mel-
litus (APPENDIX F). Six of the 12 studies had
adequate data for pooling. The 6 studies
included 5 good-quality studies using the
OKS™ or KSS function scale®*#147%3 and
1 poor-quality study using the OKS.*
There was very low—certainty evidence
that patients with diabetes mellitus had
significantly worse late postoperative
function than those without diabetes
mellitus (SMD, -0.23; 95% CI: -0.40,
-0.06; I? = 74.6%) (FIGURE 2). The 6 stud-
ies with inadequate data for pooling in-
cluded 2 good-quality studies using the
WOMAC function subscale®?® and 4
poor-quality studies using the WOMAC
function subscale,?? KSS function scale,??

Hospital for Special Surgery Knee Score
function scale,*® or the Mayo knee ques-
tionnaire® (APPENDIX D). All 6 studies
not pooled reported worse postopera-
tive physical function between 1 and 14
years after TKA in patients with diabetes
mellitus than in those without diabetes
mellitus (APPENDIX F). We downgraded the
evidence given the large variability in fol-

low-up time, retrospective study designs,
variable diabetes mellitus definitions,
and high heterogeneity (TABLE 2).

Late Postoperative Pain, Impairments,
and HRQoL

Late postoperative ROM in 5 studies us-
ing 4 techniques,**4752% stiffness in 2
studies with 1 measure,®*® pain in 6 studies

Health-Related Quality of Life

Time Point/Study SMD (95% Confidence Interval)
Pre TKA
Teo et al® -0.15(-0.34,0.04) —
Clement et al? -0.15(-0.28, -0.03) —
Amusat et aP -0.23(-0.70, 0.23)
Random-effects model -0.16 (-0.26, -0.05) —
Late post TKA
Teo et al® -0.20 (-0.39, -0.01) -
Clement et al? -0.18 (-0.30, -0.05) —_—
e

Random-effects model

-0.19 (-0.29, -0.08)

T T T T T T
-06 -04 -02 00 02 04 06
Worse Quality of Life Better Quality of Life

Abbreviations: SMD, standardized mean difference; TKA, total knee arthroplasty.
|

FIGURE 3. Forest plot for health-related quality of life between those with and without diabetes mellitus before
a TKA and 1 year or more following a TKA. Higher scores represented better outcomes. Group differences were
calculated as the difference between those with and without diabetes mellitus. A random-effects model value less
than zero suggested worse outcomes for those with diabetes mellitus than for those without diabetes mellitus.
Group differences were considered significant when the 95% confidence interval of the random-effects model did

not cross zero.

Pain

Time Point/Study SMD (95% Confidence Interval)

Pre TKA
Amusat et aP -0.02 (-0.30, 0.25) R S
Cheuy et al* 0.00(-0.36, 0.36)
Lenguerrand et al?® -0.11(-0.37,0.15) —_—7
Moon et al*® -0.10(-0.31,0.11) PR
Random-effects model -0.07 (-0.20, 0.06) ..

Early post TKA
Amusat et al® -0.32 (-0.59, -0.04) S
Cheuy et al* -0.17 (-0.54,0.19) —
Lenguerrand et al?® -0.15(-0.42, 0.13) —.
Random-effects model -0.22 (-0.39,-0.05)

T T T T T
-06 -04 -02 00 02 04 06
Worse Pain Better Pain

Abbreviations: SMD, standardized mean difference; TKA, total knee arthroplasty.
|

FIGURE 4. Forest plot for pain between those with and without diabetes mellitus before a TKA and within 12 months
following a TKA. Higher scores represented better outcomes. Group differences were calculated as the difference
between those with and without diabetes mellitus. A random-effects model value less than zero suggested worse
outcomes for those with diabetes mellitus than for those without diabetes mellitus. Group differences were considered
significant when the 95% confidence interval of the random-effects model did not cross zero.
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with 5 measures,*?226:32364 strength in 1
study with 1 technique,’ and HRQoL in 5
studies with 3 measures®'2294952 were as-
sessed between 1 and 10 years post TKA
(APPENDIX E).

For late postoperative ROM, 1 good-
quality study for total ROM,*” 1 good-
quality study for peak knee flexion,” and 1
poor-quality study for peak knee flexion®?
were pooled. There was very low—certain-
ty evidence (TABLE 2) that patients with

| LITERATURE REVIEW ]

diabetes mellitus had significantly worse
late postoperative ROM than those with-
out diabetes mellitus (SMD, -0.23; 95%
CI: -0.46, 0.00; I? = 62.4%). Two good-
quality studies™" were not pooled due to
inadequate data; however, both reported
less peak knee flexion at 1 year post TKA
in patients with diabetes mellitus than in
those without diabetes mellitus. Exten-
sion ranges were included in studies that
reported flexion or total ROM; therefore,

Range of Motion
Time Point/Study SMD (95% Confidence Interval)
Pre TKA
Cheuy et al* -0.08 (-0.44, 0.29) —_—
Robertson et al*” -0.15(-0.30, -0.01) —
Wada et al*® 015(-0.47,077) E—
Teoetal® 0.05 (-0.14, 0.24) 1
Random-effects model -0.06 (-0.20, 0.08) -
Late post TKA
Robertson et al* -0.28 (-0.43,-0.13) —
Wada et al®® -0.68 (-1.31,-0.04)
Teo et al -0.06 (-0.25, 0.13) ——
Random-effects model -0.23 (-0.46, 0.00) —
—1|.0 -0|.5 00 0|.5 110

Worse Range of Motion Better Range of Motion

Abbreviations: SMD, standardized mean difference; TKA, total knee arthroplasty.

FIGURE 5. Forest plot for range of motion between those with and without diabetes mellitus before a TKA and 1

year or more following a TKA. Higher scores represented better outcomes. Group differences were calculated as the
difference between those with and without diabetes mellitus. A random-effects model value less than zero suggested
worse outcomes for those with diabetes mellitus than for those without diabetes mellitus. Group differences were
considered significant when the 95% confidence interval of the random-effects model did not cross zero.

Strength
Time Point/Study SMD (95% Confidence Interval)
Pre TKA
Wada et al®® -0.14 (-076, 0.49) -
Cheuy et al* 0.19(-0.18, 0.55) —
Random-effects model 0.10 (-0.21, 0.42) —
Early post TKA
Wada et al*® -0.40 (-1.02, 0.23) —
Cheuy et al* -0.48 (-0.84, -0.11) —a—
Random-effects model -0.45(-077,-014) ————
—1|.0 —0|.5 0.0 0|.5 110
Worse Strength Better Strength

Abbreviations: SMD, standardized mean difference; TKA, total knee arthroplasty.
- |

FIGURE 6. Forest plot for strength between those with and without diabetes mellitus before a TKA and within 12
months following a TKA. Higher scores represented better outcomes. Group differences were calculated as the
difference between those with and without diabetes mellitus. A random-effects model value less than zero suggested
worse outcomes for those with diabetes mellitus than for those without diabetes mellitus. Group differences were
considered significant when the 95% confidence interval of the random-effects model did not cross zero.

the data were not pooled. Nevertheless,
extension data from 2 good-quality stud-
ies*?%3 were conflicting at 1 year, indicated
worse ROM in those with diabetes mel-
litus at 5 and 10 years (APPENDIX G), and
included wide 95% CIs and small effect
sizes. We downgraded the evidence given
the small effect sizes, wide 95% ClIs, vari-
ability in methodology, and high hetero-
geneity (TABLE 2).

For late postoperative HRQoOL, 1
good-quality study using the SF-12"2 and
1 poor-quality study using the SF-36°
were pooled. There was very low-cer-
tainty evidence (TABLE 2) that patients
with diabetes mellitus had worse late
postoperative HRQoL than those with-
out diabetes mellitus (SMD, -0.19; 95%
CI: -0.29, -0.08; I?> = 0%). For studies
reporting physical component summary
(PCS) and mental component summary
scores, only PCS scores were extracted
and compared. Health-related qual-
ity of life was worse for those with dia-
betes mellitus as measured by the PCS
subscale of the SF-36 in 2 good-quality
studies,®? and there was no difference in
1 poor-quality study.** We downgraded
the evidence given the variability in data,
the number of poor-quality studies, and
medium to small effect sizes of the non-
pooled studies (TABLE 2).

Late postoperative pain and stiffness
differences between those with and with-
out diabetes mellitus were inconclusive
because study data were insufficient for
pooling and yielded mixed results.

For postoperative pain, 1 good-quality
study?® and 1 poor-quality study®* using
the WOMAC pain subscale, 1 poor-qual-
ity study using the KSS pain scale,*? and 1
poor-quality study using painful joint sta-
tus, persistent pain status, and the VAS
for pain with movement** reported that
patients with diabetes mellitus had worse
late postoperative pain between 1 and 7
years post TKA than those without dia-
betes mellitus. Meanwhile, 1 good-quality
study using the WOMAC pain subscale,?
1 good-quality study using the KSS pain
scale,? and 1 poor-quality study using the
VAS for pain at rest* reported no differ-
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ence. Postoperative stiffness at 1 year was
reported by 2 good-quality studies that
yielded conflicting results and were insuf-
ficient for pooling.®*® There was low- to
very low-certainty evidence for each late
postoperative pain and stiffness study.
We downgraded the evidence given the
number of poor-quality studies, insuffi-
cient data, and mixed findings.

Late postoperative strength at 1 year
was assessed by 1 good-quality study®
(APPENDIX G). There was low-certainty
evidence for no group differences. We
downgraded the evidence given the ret-
rospective study design and associated
biases (TABLE 2).

DISCUSSION

E FOUND THAT WHEN RECEIVING

a TKA, patients with diabetes

mellitus had worse (1) preopera-
tive physical function and HRQoL, (2)
early postoperative pain and strength,
and (3) late postoperative function,
ROM, and HRQoL than patients with-
out diabetes mellitus. Examining such
outcomes for patients with diabetes
mellitus is essential for developing and
establishing effective TKA clinical rec-
ommendations. Patients with diabetes
mellitus receiving a TKA are at higher
risk for attenuated healing and complica-
tions that delay rehabilitation and impact
outcomes.*® However, the low to very low
certainty of evidence, due to studies rated
as poor quality by the NOS, retrospective
designs, and heterogeneity, suggests high
risk for bias and warrants robust future
prospective studies. Regardless, these
findings lay the groundwork for consid-
ering comorbid burdens in TKA clinical
management and research in patients
with diabetes mellitus.

Preoperative Physical Function and HRQoL
Worse preoperative function and HRQoL
in patients with diabetes mellitus could
suggest accelerated functional decline
or delayed TKAs, potentially due to in-
adequate glycemic levels,'S which can
yield greater functional disability and

lower quality of life. Recent studies re-
ported that among the various preopera-
tive presentations and subgroups, those
with metabolic issues, which included
diabetes mellitus, were often older and
had worse outcomes than other patient
types.®7?7 These findings should be con-
sidered in future studies to help guide
arthritis management and preoperative
clinical decisions.

Postoperative Physical Function

Our review provided additional data and
updated findings that were consistent
with a previous meta-analysis examining
postoperative physical function differ-
ences between patients with and without
diabetes mellitus.?® Building on previous
work, we found worse late postoperative
physical function in patients with diabe-
tes mellitus.”

Postoperative Pain, Strength, and ROM
Worse early postoperative pain and
strength and late postoperative ROM
were also associated with diabetes mel-
litus and may contribute to long-term
functional limitations and worse HRQoL.
We speculate that the physiological im-
pacts of both surgery and diabetes mel-
litus may influence postoperative pain,
strength, ROM, and function. Total knee
arthroplasties in patients with diabetes
mellitus can disrupt neurovascular pro-
cesses, challenge the healing process, and
attenuate postoperative gains.> Surgery
can induce intraoperative physiological
stress responses that tax glucose levels
and homeostasis and increase complica-
tion risks.? Elevated blood glucose expo-
sure can produce advanced glycation end
products that increase collagen cross-
links.! These factors can attenuate tissue
healing and increase scar tissue develop-
ment that limits ROM gains and pain re-
duction. Long-term negative impacts can
also attenuate strength gains and symp-
tom reduction, making future research in
this area warranted.

Fortunately, pain and ROM limita-
tions that challenge functional gains
are also responsive to rehabilitation.

Postoperative rehabilitation may espe-
cially benefit these vulnerable patients
by including targeted interventions for
pain and ROM. Patients with diabetes
mellitus may benefit from alternative
strategies like the booster rehabilitation
sessions provided for those with knee ar-
thritis.>® Among patients with diabetes
mellitus, postoperative booster sessions
may promote symptom reduction, im-
prove function, and raise activity levels,
which is also beneficial for managing glu-
cose control. We did not study the impact
of rehabilitation on TKA outcomes, as
most studies did not report postoperative
rehabilitation beyond a “standardized
hospital protocol.” Future studies must
examine postoperative functional recov-
ery to identify modifiable mechanisms, to
classify a subgroup of patients at risk for
long-term functional limitations, and to
establish long-term strategies that posi-
tively impact function in patients with
diabetes mellitus.

Limitations

Our systematic review was intention-
ally broad to ensure that we captured the
breadth of the literature. We recognize
that broad eligibility criteria increased
study variability and decreased the cer-
tainty of the evidence for the examined
outcomes. We have highlighted areas in
our results where variability influenced
the certainty of evidence. In addition, we
only included studies that were published
in English, did not register our protocol,
and limited our data search to 4 databas-
es. Excluding non-English studies and
limiting searches to the reported databas-
es and sources may introduce language
bias and publication bias. A scoping
search was completed in other databases
but yielded a minimal number of stud-
ies that were already identified. Given
that the reviewed papers were published
between 1994 and 2018, surgical and re-
habilitation changes can influence results
and need to be considered. We also chose
to define the early postoperative period as
less than 12 months, which grouped stud-
ies with follow-ups ranging from 5 days to
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less than 12 months.>26%* This may con-
tribute to inconclusive early postopera-
tive findings, as functional recovery often
starts with decreased function during the
first month and is followed by improve-
ments in subsequent months.** Early as-
sessments with questionnaires like the
WOMAC, which queries patients about
kneeling, squatting, and running,** may
subject outcomes to floor effects and limit
group differences. Amusat et al®> found
no differences at 1 month, but worse
function in the diabetes mellitus group
at 3 and 6 months. The study by Cheuy
et al" found no differences at 3 months
using the WOMAC function subscale,
but reported differences in physical per-
formance at 3 months and was the only
study that used both self-reported and
performance assessments. Future studies
should follow suit to determine whether
findings are reproducible. Despite the
limitations, our review highlights the
complex pathophysiological relation-
ships among diabetes mellitus, aging,
joint degeneration, and TKA recovery.
While these relationships warrant further
research, our review and previous stud-
ies®37 suggest that TKA management is
complicated by comorbidities.

CONCLUSION

ATIENTS WITH DIABETES MELLITUS

had worse patient-reported and

clinician-assessed outcomes before
and after TKA compared to patients
without diabetes mellitus. Given the
methodological limitations of the re-
viewed studies, these results are likely to
change with future research. ®

KEY POINTS
FINDINGS: When receiving a total knee
arthroplasty, patients with diabetes mel-
litus had worse (1) preoperative physical
function and health-related quality of
life, (2) early postoperative pain and
strength, and (3) late postoperative
function, range of motion, and health-
related quality of life than patients with-
out diabetes mellitus.

[ LITERATURE REVIEW

IMPLICATIONS: Postoperative rehabilita-
tion for patients with diabetes mellitus
receiving a total knee arthroplasty needs
to account for comorbid burdens and
long-term functional outcomes.

CAUTION: While the meta-analyses identi-
fied statistically significant group differ-
ences, the certainty of evidence based
on these findings ranged between low
and very low. Weak study designs, large
variabilities in determinants of diabetes
mellitus, and underlying pathology for a
total knee arthroplasty must be consid-
ered when interpreting study results.
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APPENDIX A

DETAILED SEARCH TERMS AND RESULTS PER STEP IN PUBMED

Category/Step Number Search Results, n*

Population
1 Osteoarthritis (MeSH) 54535
2 Arthritis (MeSH) 235526
B Osteoarthritis 76010
4 Arthritis 302472
5 0A 28853
6 Degenerative Joint Disease 79244
7 10R20R30R40R50R6 331023
8 Arthroplasty (MeSH) 56421
9 Hemiarthroplasty (MeSH) 589
10 Reconstructive Surgical Procedures (MeSH) 179723
1 Joint Prosthesis (MeSH) 40124
12 Arthroplasty 76934
13 Hemiarthroplasty 2860
14 Reconstructive Surgical Procedures 188051
15 Joint Prosthesis 78282
16 Prosthesis Implantation 138447
17 Replacement 285251
18 Revision Arthroplasty 15133
19 Knee Prosthesis 31425
20 80R9ORIOORI1IOR120R130R140R150R16 OR17 OR18 OR19 523733
21 7 AND 20 29581

Exposure
22 Diabetes mellitus (MeSH) 378552
23 Glucose Metabolism Disorders (MeSH) 383952
24 Glycemic Index (MeSH) 2648
25 Glycated Hemoglobin A (MeSH) 29871
26 Glucose (MeSH) 278379
27 Diabetic Retinopathy (MeSH) 22040
28 Hyperglycemia (MeSH) 32289
29 Glucose Tolerance Test (MeSH) 32711
30 Blood Glucose Self-Monitoring (MeSH) 5442
3l Diabetes mellitus 438710
32 Glucose Metabolism Disorders 393723
33 Glycemic Index 10296
34 Glycated Hemoglobin A 29909
35 Glucose 518485
36 Diabetic Retinopathy 31489
37 Hyperglycemia 62911
38 Glucose Tolerance Test 44185
39 Blood Glucose Self-Monitoring 7242
40 Diabetic 249678
41 Diabetes 621086
42 HbALC 44283

Table continues on page A2.
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Category/Step Number Search Results, n?*
43 Insulin Resistance 89956
44 Noninsulin Dependence 68
45 Prediabetes 9750
46 Noninsulin Responsive 77
47 22 OR23 0R 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 310R 32 OR 33 OR 34 OR 35 OR 36 OR 37 OR 38 1039736

OR 39 OR 40 OR 41 OR 42 OR 43 OR 44 OR 45 OR 46

Outcomes
48 Pain (MeSH) 355293
49 Health (MeSH) 318751
50 Quality of life (MeSH) 159262
51 Range of Motion, articular (MeSH) 43778
52 Motion (MeSH) 57384
53 Patient Satisfaction (MeSH) 77919
54 Outcome Assessment (Health Care) (MeSH) 922467
55 Patient Reported Outcomes Measures (MeSH) 1345
56 Physical Examination (MeSH) 1248262
57 Muscle Strength (MeSH) 26693
58 Muscle Contraction (MeSH) 191697
59 Community Participation (MeSH) 37526
60 Patient Participation (MeSH) 22187
6l Mobility Limitation (MeSH) 3704
62 Human Activities (MeSH) 413739
63 Activities of Daily Living (MeSH) 62138
64 Locomotion (MeSH) 217044
65 Musculoskeletal Physiological Phenomena (MeSH) 930002
66 Orthopedic Equipment (MeSH) 90545
67 Frail Elderly (MeSH) 9309
68 Accidental Falls (MeSH) 20344
69 Disability Evaluation (MeSH) 47282
70 Recovery of Function (MeSH) 43145
71 Pain 728490
72 Health 3990820
73 Quality of life 324843
74 Range of Motion, articular 45492
75 Motion 257169
76 Patient Satisfaction 125990
77 Outcome Assessment (Health Care) 211309
78 Patient Reported Outcomes Measures 37321
79 Physical Examination 1312533
80 Muscle Strength 58612
8l Muscle Contraction 202212
82 Community Participation 55337
83 Patient Participation 58434
84 Mobility Limitation 7206
85 Human Activities 936438
86 Activities of Daily Living 76722

Table continues on page A3.
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Category/Step Number Search Resuilts, n*
87 Locomotion 231935
88 Musculoskeletal Physiological Phenomena 930237
89 Orthopedic Equipment 92947
90 Frail Elderly 12131
91 Accidental Falls 20880
92 Disability Evaluation 63944
93 Recovery of Function 105502
94 Function 12127446
95 Disability 224065
96 Satisfaction 174221
97 Outcome 2030841
98 Strength 306323
99 Participation 157779
100 Mobility 150316
101 Activities 2770902
102 Activity 2981726
103 Locomotion 231935
104 Walking 102949
105 Stiffness 55331
106 Stiff 9674
107 Timed Up and Go 3463
108 Speed 188955
109 Stair 5717
110 Step 501872
m Stand 83264
112 Performance 861668
113 Falls 56458
114 48 OR 49 OR 50 OR 51 OR 52 OR 53 OR 54 OR 55 OR 56 OR 57 OR 58 OR 59 OR 60 OR 61 OR 62 OR 63 OR 64 16613729

OR650R 66 OR 67 OR 68 OR 69 OR 70 OR 71 0R 72 OR 73 OR 74 OR 75 OR 76 OR 77 OR 78 OR 79 OR 80
OR 81 0R 82 OR 83 OR 84 OR 85 OR 86 OR 87 OR 88 OR 89 OR 90 OR 91 OR 92 OR 93 OR 94 OR 95 OR 96
OR 97 OR 98 OR 99 OR 100 OR 101 OR 102 OR 103 OR 104 OR 105 OR 106 OR 107 OR 108 OR 109 OR 110
OR1110R1120R113
115 21 AND 47 AND 114 375
“After limiting step 76 to English and humans, n = 305.

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 51 | NUMBER 6 | JUNE 2021 | A3



Downloaded from www.jospt.org at University of Texas Medical on September 6, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

| LITERATURE REVIEW ]

APPENDIX B

HIERARCHY OF DATA SELECTED FOR ANALYSIS AND SYNTHESIS WHEN MORE THAN
1 MEASURE WAS USED TO ASSESS AN OUTCOME AT THE SAME TIME POINT

Hierarchy for data synthesis

Outcomes Physical function Pain Range of motion HRQoL

Measures WOMAC/OKS? WOMAC Total Cumulative measures

Physical component
only

Other self-reported
measures of physical Other pain measures Other
function

Clinician-based physical
function measures
(eg, gait speed)

KSS KSS Flexion

Other measures of
HRQoL

The hierarchy was selected based on psychometric properties reported in previous literature.* 2For physical function, WOMAC and OKS scores were
not reported by the same studies, and both measures have superior psychometric properties to those of the KSS. Abbreviations: HRQoL, health-related
quality of life; KSS, Knee Society Score; OKS, Oxford Knee Score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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APPENDIX C

CHARACTERISTICS OF INCLUDED STUDIES

Study/Country  Design Eligibility Group Characteristics® DM Indicator Outcome Rehabilitation Time Point
Amusatetal®  Prospective 1. Primary TKA DM impacted activity, n =19 Patient report and WOMAC Standardized physi-  1,3,and 6
Canada cohort 2. No hemicompart- (female: n =14, 74%); age, 65 record review cal therapy during mo
mental or unicom- +12y; BMI, 35.8 + 71 kg/m? for glucose level hospital stay

partmental revisions, DM did not impact activity, n = 41 and antidiabetic
emergency, or bilateral (female: n =19, 46%); age, 68 medication
TKAs +9y; BMI, 35.8 + 71 kg/m?
Non-DM, n = 345 (female: n =
216, 63%); age, 68 + 10 y; BMI,
317 + 6.3 kg/m?

Brock et al® Retrospective 1. With DM, including DM DM with HbAlc level >8%, n=17  Record linkage for WOMAC NR ly
United cohort with information, or without (female: n =10, 59%); age, 64 HbAlc, glycemic
Kingdom prospective DM who matched y (45-82 y); BMI, 33.9 kg/m® control intervention

follow-up those with DM based DM with HbAlc level <8%, n = 83 (diet, tablet, insu-
on age, sex, and BMI (female: n =49, 59%); age, 71 lin); DM complica-
2. Freeman joint registry y (44-91y); BMI, 31.6 kg/m® tion status
Non-DM, n =100 (female: n =
58, 58%); age, 70 y (48-94 y);
BMI, 31.2 kg/m®

Cheuy et al" Retrospective 1. >3 postTKA physical DM, n =37 (female: n = 23, 62%); Record review WOMAC, timed  Average totalnum- ~ 90d
United database therapy visits and age, 65+ 8y; BMI, 36 +8 up and go, ber of physical
States record of visits kg/m? 30-s sit-to- therapy visits:

2. Nonrevision TKA Non-DM, n =132 (female: n = 74, stand, and DM, n = 16; with-
3. Record of DM status 56%); age, 65+ 8 y; BMI, 32 4-m walk test outDM,n=17
+7 kg/m?

Clementetal®  Retrospective  Indication in chart, withor DM, n =275 (female: n = 153, Patient report and OKS and specific ~ Standardized 6wk, 6 and
United cohort with without DM 56%); age, 701+ 8.5 y; BMI record review activity ques- physical therapy 12 mo
Kingdom prospective NR tions protocol, with

follow-up Non-DM, n = 2114 (female: n = mobilization on
1222, 58%); age, 704+ 95 y; postoperative
BMINR day 1

Fisher et al"* Retrospective 1. 12 mo post TKA Stiff, n =71 (female, 79%); age, Patient report and ROM 3-d clinical 12 mo
United cohort with 2. No preoperative stiff- 64.4y (range, 32-86 y); BMI, record review pathway before
States prospective ness 33.6 kg/m? (range, 19-42 kg/ discharge: 90°

follow-up 3. No postoperative infec- m?) of knee flexion,
tion Control, n =148 (female, 60%); independence in
4., Stiff: <90° of flexion or age, 676y (range, 39-92y); straight leg raise,
KSS score <30 BMI, 30.5 kg/m? (range, 18-43 transfers, and
kg/m?) ambulation. At
6 wk, those with
flexion <90° had
a manipulation
under anesthesia

Gandhietal®  Retrospective 1. Primary TKA Stiff, n = 45 (female: n =33, 73%); Record review ROM NR 6 wk, 6 and

Canada cohort with 2. Stiff: 1-y postoperative age, 677 +8.8y; BMI, 35+ 8.5 12 mo
prospective flexion <90° kg/m? with DM, 178%
follow-up 3. Control: 1-y postopera- ~ Control, n = 45 (female: n = 33,
tive flexion >90° 73%); age, 67 £ 9.6y; BMI,

33.1+6.2 kg/m?; with DM,
6.7%

Table continues on page A6.
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Study/Country  Design Eligibility Group Characteristics DM Indicator Rehabilitation Time Point
Jones et al? Prospective 1. Waiting for primary All: age, 69.4 +£ 9.2 y; female,n = Patient report, record WBAT ambulation land 6 mo,
Canada cohort TKA 170 (59%) review, and CCl on postoperative 3y
2. 240y of age DM, n = 37, BMI of <30 kg/m?, n= day 1. Bone grafts
3. Residing in health 13; BMI of 30-39 kg/m?, n = 19; or complications:
region of interest BMI of >40 kg/m? n=5 weight-bearing
4. >7 d before surgery Non-DM, n = 252; BMI of <30 restrictions for 6
5. No hemicompart- kg/m?, n =118; BMI of 30-39 wk. Discharged
mental revisions, no kg/m?, n =11; BMI of >40 kg/ to home with
emergency arthroplas- m,n=17 HEP and referred
ties, or not residing to community
in long-term care physical therapy
institution as required
Laverniaetal®  Retrospective 1. Primary TKA Optimal glycemic control, n=61  HbAlc Full WBAT ambula- 6 wk, 3 mo,
United cohort with 2. No bilateral or staged (female: n =43, 70%); age, tion on postop- 6mo, 1
States prospective arthroplasty 716y (range, 49.3-84.4y); erative day 1 y, and
follow-up 3. DM BMI, 32.9 kg/m? (range, 22.2- yearly
49.4 kg/m?) there-
Suboptimal glycemic control, n = after
59 (female: n = 38, 64%); age, (range,
73y (range, 32.4-85.5 y); BMI, 21107
32.1 kg/m? (range, 22.0-45.8 y; mean,
kg/m?) 59y)
Lenguerrand Retrospective 1. Primary unilateral TKA DM, n = 64 (female: n = 30, Self-report and HbAlc NR 3mo, 6 mo,
etal® reviewof 2. Ability to provide 47%); age, 70 + 8 y; BMI, 34 12mo
United patients consent and complete +6 kg/m?
Kingdom participat- questionnaires Non-DM, n =523 (female: n =
inginan 3. No comorbidities that 295, 56%); age, 68 + 10 y;
RCT precluded the use of BMI, 31+ 6 kg/m?
spinal anesthesia,
regional blocks, and
strong analgesics
postoperatively
Magoneetal®  Retrospective 1. Dataat3and 12 mo All: age <70y,n=57,age >70y,  Record review for ICD- ~ SF-36 NR 12mo
United database post TKA n = 44; female: n =73, 72%; 9 code for DM
States 2. No missing data BMI <30 kg/m? n=53; BMI
3. No multiple revisions >30 kg/m?, n=48
DM with TKA, n = 29; non-DM
with TKA,n =72
Medingetal?>  Retrospective  Continuous series of TKAs DM, n = 329 knees in 291 patients  Record review WBAT ambulation 8wk, 6 mo,
United database from database (female: n =151, 52%); age, 70 on postoperative 1y, 23y
States y (range, 43-84 y); BMINR day 1 and ROM (average:
Non-DM, n = 4891 knees in 3228 on postoperative DM,
patients (female: n =1937, day 2 52 mo;
60%); age, 70y (range, 49-88 non-DM,
y); BMINR 58 mo)
Table continues on page A7
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Study/Country  Design Eligibility Group Characteristics® DM Indicator Outcome Rehabilitation Time Point

Moon et al* Retrospective 1. Minimum follow-up of DM, n =222 knees in 171 patients ~ Record review, HbAlc,  KSS and HSS WBAT ambula- 6wk, 6
Korea database 2y (female: n =155, 91%); age, DM treatment Knee Score tion and ROM mo, 1y,

2. Primary TKA 676y (range, 50-86 y); BMI, exercises on yearly
26.5 kg/m?; weight distribution: postoperative (range,
normal, 33.3%; overweight, day 1 24-132
53.6%; obese, 13.1% mo; aver-

Non-DM, n = 171 patients (female: age: DM,

n =155, 91%); age, 674 y; BMI, 53.2mo;
259 kg/m?; weight distribution: non-DM,
normal, 33.3%; overweight, 54.4
53.6%; obese, 13.1% mo)

Papagelopoulos  Retrospective 1. Type 2 DM DM, n =68 knees in b1 patients ~ Record review KSS and HSS NR 214y
etal database 2. Adequate follow-up (female: n = 26, 51%); age NR; Knee Score (mean,
United 3. No mortality in first BMINR; 34 (67%) patients 8y)
States year were 20% over their ideal body

weight and obese

Non-DM, n = 68 knees in 51
patients (female: n = 26, 51%);
age NR; BMINR

Rajaméki et al**  Prospective 1. Primary TKA TKA: all, n=80 Fasting plasma 1. painDETECT  Patients requiring 12y after
Finland 2. No oral corticosteroid,  All patients: age, 67 y (42-89y); glucose, HbAlc, questionnaire revision were surgery

canceled operation, in- female: n = 89, 66%; BMI, 29 2-h oral glucose 2. Persistent excluded from the (median
adequate postoperative kg/m? (21-49 kg/m?)> tolerance test pain study follow-
glucose monitoring, 3. Visual analog up, 18
revision, or >1 joint scale mo;
replacement range,
3. Responded to postal 11-28
questionnaires mo)

Robertson Retrospective 1. Primary TKA DM, n =367, age, 70+ 6.8 y; BMI, Record review KSS Passive motion 1y,5y,10y
etal database 2. No complications 316 +49 kg/m? machine was
United Non-DM, n = 367, age, 68.6 + 7.6 used for 24 h, fol-

Kingdom y; BMI, 309 + 4.7 kg/m? lowed by intensive
Sex was not reported, but there physical therapy
were no differences between
groups (P =.54)

Serna et al*® Retrospective 1. TKAduetoRAorOA DM, n =44 knees in 40 patients ~ Record review HSS Knee Score  NR 24-126 mo.
United database 2. Minimum of 2-y follow- (all female); age, 67y (range, Mean:
States up 39-82y); weight, 184 kg (range, DM,

105-262 kg); height, 66 cm 54 mo;

(range, 59-77 cm) non-DM,
Non-DM, n = 53 patients (female: 56 mo

n=40,75%); age, 70 y;

BMINR

Singh* Retrospective 1. Primary TKA; male Total (DM and non-DM),n=293  Record review for SF-36 NR Mean + SD,
United cohort with 2. No total hip arthro- (all male); age, 70.3+8.8Yy; ICD-9 codes for 21+
States prospective plasty, contralateral BMINR DM and DM with 07y

follow-up TKA, or revisions complications
3. Complete data
4. Responded to survey

Table continues on page AS8.
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Study/Country  Design Eligibility Group Characteristics DM Indicator Outcome Rehabilitation Time Point
Singh and Retrospective 1. TKA DM with DM complication, n = Record review for Mayo knee ques-  NR 2and5y
Lewallen® cohort with 2. Completed preopera- 187 pre TKA. At 2y, n =159 ICD-9 codes for tionnaire
United prospective tive questionnaires (female, 47%); age, 69.5 + DM and DM with
States follow-up 3. Completed responses 8.6y; BMI, 34.7 + 77 kg/m?. complications
at 2-y follow-up At5y, n =62 (female, 51.5%);
age, 68.2+97y; BMI, 34.8 +
8.5 kg/m?
DM with no complication, n =
538. At 2y, n =479 (female,
52.1%); age, 69.3 + 8.1y; BMI,
344+ 6.6kg/m? At5y,n=
159 (female, 50.5%); age, 69.1
+77y; BMI, 341+ 6.5 kg/m?
Non-DM, n = 6250. At2y,n =
6100 (female, 56.2%); age,
68.3+10.1y; BMI, 30.6 £5.8
kg/m?. At 5y, n= 3707 (female,
55.4%); age, 69.1 £ 77 y; BMI,
30.5+ 5.6 kg/m?
Teo et al® Retrospective 1. Primary TKA DM, n =123 (female: n = 96, Record review for KSS and OKS Continuous passive 2 wk, 2 mo,
Singapore database 2. Preoperative KL grade 78%); age, 67.7 + 72 y; BMI pre random blood motion on 6mo, 1y,
>3 TKA, 292 + 5.3 kg/m?; post glucose postoperative 2y
3. Arthritis not from in- TKA, 28.1+ 4.6 kg/m? day 1 and daily
flammation or infection  Non-DM, n =782 (female: n = inpatient physical
4. Complete follow-up 614,79%); age, 65.7 + 78y; therapy as-
BMI, 28.1 + 4.6 kg/m? sessment.
Ambulation on
postoperative day
1or2. Discharge
to outpatient
physical therapy
or to community
hospital
L. Primary TKA; KLgrade DM, n =20 (female: n=10,50%); Record review, HbAlc ~ KSS (new) 5-d inpatient 6and12m
>3 age, 71.8+7.3y; BMI, 26.7 + physical therapy,
2. Age <80y 39 kg/m? twice per day;
3. No history of muscu- ~ Non-DM, n =20 (female: n = 10, 12-wk outpatient
loskeletal surgery or 50%); age, 70.8 + 72 y; BMI, physical therapy.
neurologic impairment 276 +2.2 kg/m? WBAT with as-
4. No second arthroplasty sistive device on
postoperative day
1. Passive ROM,
patellofemoral
and incision
mobilization as
needed, flexibility,
icing, gait training,
and transfers.
Discharge to out-
patient physical
therapy, once per
week, and HEP
Table continues on page A9,
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Study/Country  Design Eligibility Group Characteristics® DM Indicator Outcome Rehabilitation Time Point
Wang et al** Retrospective 1. Primary TKA DM, n = 20; non-DM, n =29 Record review FIM motor score  Inpatient physical Mean: DM,
United database 2. No psychosis, periph- Al patients: age, 64.4 +11.1y; therapy 59d;
States eral vascular disease, female, n =2 (4%); BMINR non-DM,

RA, or stroke 51d

3. Admitted to inpatient
rehabilitation
4. No complications

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; DM, diabetes mellitus; FIM, Functional Independence Measure; HbAIc, glycated
hemoglobin; HEP, home exercise program; HSS, Hospital for Special Surgery; ICD, International Classification of Diseases; KL, Kellgren-Lawrence; KSS, Knee
Society Score; NR, not reported; OA, osteoarthritis; OKS, Oxford Knee Score; RA, rheumatoid arthritis; RCT, randomized controlled trial; ROM, range of mo-
tion; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; TKA, total knee arthroplasty; WBAT, weight bearing as tolerated; WOMAC, Western
Ontario and McMaster Universities Osteoarthritis Index.

“Age values are mean + SD or median (range). BMI values are mean + SD.

*Calculation of value was not specified.
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SUMMARY RESULTS OF FUNCTIONAL DIFFERENCES BETWEEN
PATIENTS WITH AND WITHOUT DIABETES
Measurement/Study Presurgery Postsurgery
WOMAC function subscale
Amusat et al® No (P =.10) No at1mo (P =.11)
Yes at 3 mo: those with DM had worse function than those without DM (ES, 0.30; P<.001)¢
Yes at 6 mo: those with DM had worse function than those without DM (ES, 0.31; P = .02)°
Brock et al’ NR. Preoperative scores were a predictor of post- Yes at 1y: those without DM had the largest improvements of all groups (values NR,
operative outcomes (regression estimate, -0.41; P<.05)
P<.01 for postoperative score)

Cheuy et al* No (group mean difference, -5.0; 95% CI: -14.0,5.0;  No at 90 d (P = .61; group mean difference, 2.00; 95% Cl: -6.00, 10.0)
P=.343)

Jones et al? NR Yes at 6 mo to 3 y. Random-effects model of DM fitted for function scores: coefficient, 0.96
(95% Cl: -4.31, 6.22; P = .72). The DM status-by-time interaction found that function
improved for individuals without DM and worsened for individuals with DM (coefficient,
0.21;95% Cl: 0.07,0.36; P = .005)

Lenguerrand et al*® No (ES, 0.06; group mean difference, 1.0; 95% Cl: No at 3 mo (ES, 0.0; P = .90; group mean difference, 0.0; 95% Cl: -5.45, 5.45)

-3.81,5.81) No at 6 mo (group median difference, 6.00; P = .10)

Mixed at 1y (group median difference, 11.0; unadjusted P = .02). Group differences
resolved after adjusting for age, sex, site of surgery, trial intervention, body mass index,
and number of comorbidities

KSS function scale
Meding et al*? Yes (group mean difference, 8.0; P =.0001) Yes at 1, 3,5, and 7 y. Function was worse for those with DM than for those without DM (P
=.0001). Group mean differences: at 1y, 12.0; at 3y, 13.0; at 5y, 11.0; at 7 y, 10.0
Moon et al*® No (ES, 0.22; P>.05; group mean difference, 3.0; No at 24 to 132 mo (average, 53 mo) (ES, 0.00; P>.05; group mean difference, 0.00; 95%
95% CI: 0.13, 5.87) Cl: -4.25, 4.25)

Papagelopoulos et al** Yes (group mean difference, 12.0; 95% Cl: 5.24, Yes at 2to 14 y (average, 8 y). Function was worse for those with DM than for those
18.76; P<.05) without DM (P<.05; group mean difference, 12.0)

Robertson et al* No (ES, 0.04; P = .85; group mean difference, 0.60;  Yes at 1y. Function was worse for those with DM than for those without DM (ES, 0.16; P =
95% Cl: -1.61, 2.81) .03; group mean difference, 2.30; 95% Cl: 0.27,4.33)

Noat5y (ES, 0.07, P = .35; group mean difference, 1.20; 95% CI: -1.16, 3.56)

Yes at 10 y. Function was worse for those with DM than for those without DM (ES, 0.32; P
=03; group mean difference, 4.50; 95% Cl: 2.46, 6.54)

Teo et al® No (ES, 0.19; P>.05; group mean difference, 3.50; Yes at 2 y. Function was worse for those with DM than for those without DM (ES, 0.35; P =

95% Cl: -0.15, 7.15) .001; group mean difference, 7.10; 95% Cl: 3.25, 10.9)
Wada et al*® (new version) No (ES, 0.05; P = .54; group mean difference, 3.40;  Yes at 6 mo (ES, 0.82; P<.05; group mean difference, 10.3; 95% Cl: 2.36, 18.2)
95% Cl: -8.03, 14.8) Yes at 12 mo (ES, 0.88; P<.05; group mean difference, 11.70; 95% Cl: 3.16, 20.2). Function
and its improvement were worse for those with DM at both 6 and 12 mo than for those
without DM (P = .02)
OKS
Clement et al”? Yes. Function was worse for those with DM than for ~ Yes at 1y. Function was worse for those with DM than for those without DM (ES, 0.15; P =
those without DM (ES, 0.16; P = .0L; group mean .01, group mean difference, 1.60; 95% Cl: 0.33, 2.91)
difference, 1.20; 95% CI: 0.28, 2.17) No at 1y. Pre-to-post change: ES, 0.04; P = .54; group mean difference, 0.5 (95% CI:
-0.83,160)
Teo et al®? Yes. Function was worse for those with DM than for ~ Yes at 2 y. Function was worse for those with DM than for those without DM (ES, 0.29; P =
those without DM (ES, 0.22; P = .02; group mean .002; group mean difference, -2.10; 95% CI: -3.35, -0.85)
difference, -1.80; 95% Cl: -3.33, -0.27)
Table continues on page A1l
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APPENDIX D

Is DM Status Related to Function?=

Measurement/Study Presurgery Postsurgery
HSS Knee Score
Moon et al* No (ES, 0; P>.05). Average was 66 and defined as No at 24 to 132 mo (average, 53 mo) (ES, 0; P>.05)
“poor”
Papagelopoulos et al*! NR. Mean DM, 53 (range, 18-82); non-DM NR Yes at 2to 14y (average, 8 y) (ES, 0.81; P<.05)
Serna et al*® NR. Mean DM, 50 (range, 21-55); non-DM NR Yes at 24 to 126 mo (average, 54 mo) (group mean difference, 7)
Mayo knee questionnaire
Singh and Lewallen® Yes: 78.3% of those with DM but with no complica- ~ Yes at 2 y. The DM diagnosis increased the odds of moderate to severe ADL limitation
tion reported moderate to severe ADL limitation, following a TKA when compared to non-DM patients (OR = 1.45; 95% Cl: .04, 2.01; P
and 68.7% of those without DM reported moder- =03)
ate to severe ADL limitation Yes at 5 y. The DM diagnosis increased the odds of moderate to severe ADL limitation
following a TKA when compared to non-DM patients (OR = 1.59; 95% Cl: 1.04, 2.41; P
=03)

DM was independently associated with poor functional outcome after a primary TKA.
The association was present after adjustments, including preoperative functional

limitations
TUG, 4-m walk, 30-s STS
Cheuy et al" No. Group differences: 4-m walk ES, 0.43 (P=.17);  Yesat 90 d. Mixed-effect model between-group differences: 4-m walk, 0.22 (95% CI: 0.09,
30-s STSES, 0.28 (P = .65); TUGES, 0.33 (P = 0.35; P =.001); 30-s STS, 2.22 (95% Cl: 0.10, 4.34; P = .040); TUG, -192 (95% Cl:
07) -3.55,-0.29; P=.021)
FIM motor scores
Wang et al* NR No at admission (ie, immediately following TKA): group mean difference, 1.0; P>.05

No at discharge from rehabilitation facility (ie, 5-6 d; DM: mean, 59 d; non-DM: mean, 5.1
d): group mean difference, 0.3; P>.05

Abbreviations: ADL, activities of daily living; CI, confidence interval; DM, diabetes mellitus; ES, effect size; FIM, Functional Independence Measure; HbAIc,
glycated hemoglobin; HSS, Hospital for Special Surgery; KSS, Knee Society Score; NR, not reported; OKS, Oxford Knee Score; OR, odds ratio; STS, sit-to-stand;
TKA, total knee arthroplasty; TUG, timed up and go; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Inde.

Walues in parentheses are 95% confidence interval. Mean difference was calculated by subtracting the mean score of the DM group from that of the non-DM
group in studies reporting group means without reporting variance.

bEffect size was calculated, using Cohen’s d, via the means and SDs of the DM and non-DM groups in studies that used the t test.

<Study reported subgroup analyses and required means and SDs of 2 or more DM groups to be combined.

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 51 | NUMBER 6 | JUNE 2021 | All



| LITERATURE REVIEW ]

APPENDIX E

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at University of Texas Medical on September 6, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

SUMMARY RESULTS FOR OTHER OUTCOME DIFFERENCES, BASED ON DIABETES STATUS
Measurement/Study Groups Presurgery Postsurgery
ROM
Total
Cheuy et al" DM and non-DM No (ES, 0.07, P = 78; group mean differ- ~ No at 3 mo (ES, 0.00; P = .99; group mean difference, 0.10; 95% Cl: -6.00, 6.00)
ence, 1.0; 95% Cl: -6.0, 7.0)
Robertson et al*? DM and non-DM No (ES, 0.15; P = .08; group mean differ- ~ Yes at 1y (ES, 0.28; P<.001; group mean difference, 4.60; 95% Cl: 2.22, 6.98)
ence, 2.80; 95% Cl: 0.14, 5.46) Yesat 5y (ES, 0.24; P =001, group mean difference, 4.2; 95% Cl: 1.72, 6.68)
Yes at 10y (ES, 0.32; P = .01; group mean difference, 5.0; 95% Cl: 2.77,7.23)
Flexion
Fisher et al** With and without NR Yes at 1y. DM patients were 2.8 times (OR = 2.8) more likely to have knee flexion
stiffness ROM limitations (ie, <90° or KSS <30; P = .04)
Robertson et al* DM and non-DM No (ES, 0.08; P =.12; group mean differ- ~ Yesat 1y (ES, 0.27, P<.001; group mean difference, 4.00; 95% Cl: 1.85, 6.15)
ence, 1.30; 95% Cl: -1.08, 3.68) Yes at 5y (ES, 0.22; P = .004; group mean difference, 3.50; 95% Cl: 1.20, 5.80)
Yes at 10y (ES, 0.35; P = .0L; group mean difference, 4.70; 95% Cl: 2.75, 6.65)
Teo et al? DM and non-DM No (ES, 0.05; P>.05; group mean differ- No at 2y (ES, 0.06; P>.05; group mean difference, 1.00; 95% CI: -2.19, 4.19)
ence, -1.0; 95% Cl: -5.16, 3.16)
Wada et al”® DM and non-DM No (ES, 0.15; P = .73; group mean differ-  Yes at 6 mo (ES, 0.59; P<.05; group mean difference, 8.80; 95% CI: -0.74, 18.3)
ence, -2.0; 95% Cl: -10.4, 6.39) Yes at 1y (ES, 0.69; P<.05; group mean difference, 9.80; 95% CI: 0.72, 18.88)
Flexion <90°
Gandhi et al*® With and without Yes. In the stiff group (less flexion), 17.8%  Yes at intraoperative, 6 wk, and 1. The stiff group had significantly less ROM than
stiffness with DM; in the nonstiff group, 6.7% the nonstiff group (P<.001)
with DM
Fixed flexion (lack of
extension)
Robertson et al* DM and non-DM No (ES, 0.08; P =79; group mean differ- ~ Noat 1y (ES, 0.27; P = .10; group mean difference, -0.40; 95% Cl: -1.07, 0.27)
ence, -0.20; 95% Cl: -1.23, 0.83) Yesat 5y (ES, 0.22; P = .02; group mean difference, -0.70; 95% CI: -1.38, -0.02)
Yes at 10y (ES, 0.35; P = .04; group mean difference, -0.60; 95% Cl: -1.16, -0.04)
Extension
Wada et al*® DM and non-DM No (ES, 0.20; P = .42; group mean differ- ~ Yes at 6 mo (ES, 0.43; group mean difference, 1.8; 95% Cl: -0.85, 4.45)
ence, 1.3; 95% CI: -2.89, 5.49) Yes at 1y (ES, 0.39; group mean difference, 1.20; 95% Cl: -0.79, 3.19)
Strength
Extension
Wada et al*® DM and non-DM No (ES, 0.14; group mean difference, 0.06; No at 6 mo (ES, 0.40; group mean difference, 0.15; 95% CI: -0.39, 0.90)
95% Cl; -0.34,0.22) No at 1y (ES, 0.44; group mean difference, 0.06; 95% Cl: -0.39, 0.07)
Cheuy et al" DM and non-DM No (ES, 0.18; P =.33; group mean differ- ~ Yes for daily recovery trajectory up to 90 d (ES, 0.48; P = .046; group mean differ-
ence, 0.54; 95% Cl: -1.61, 0.54) ence, 0.02; 95% Cl: 0.00, 0.04)
Yes at 90 d (P = .007; group mean difference, 1.29; 95% Cl: 0.35, 2.23)
Health-related quality of life
SF-36 PCS
Brock et al® DM and non-DM NR® Yes at 1y (estimate, -6.54; SE, 2.18 with the SF-36 PCS as the predictor variable;
P=.003)
Magone et al® DM and non-DM NR® Yes at 1y for preoperative-to-postoperative change score (ES, 0.63; P = .006;
group mean difference for change, 6.02; 95% Cl: 1.73.10.3)
Teo et al* DM and non-DM No (ES, 0.16; P NS; group mean difference, Noat 2y (ES, 0.20; P NS; group mean difference, 2.1; 95% CI: 0.13, 4.07)
1.6; 95% Cl: -0.39, 3.59)
Singh® DM and non-DM NR No at average + SD of 2.1+ 0.7 y (group mean difference, 0.40; P NS)
Table continues on page A13.
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APPENDIX E

Is Diabetes Status Related to Outcome Differences?

Measurement/Study Groups Presurgery Postsurgery
SF-12 PCS
Clement et al DM and non-DM Yes (P = .02; group mean difference, 1.00;  Yes at 1y for group difference (P = .007; group mean difference, 1.9; 95% Cl: 0.52,
95% Cl: 0.14,196) 3.21)

No at 1y for change score group differences (P = .22; group mean difference for
preoperative-to-postoperative change, 0.80; 95% CI: -0.50, 2.16)

SF-36 MCS
Brock et al® DM and non-DM NRe No at 1y with the SF-36 MCS as the predictor variable (estimate, -0.01; SE, 2.48;
PNS)
Magone et al* DM and non-DM NR® No at 1y for preoperative-to-postoperative change (ES, 0.20; P =.37)
Teoetal? DM and non-DM Yes (ES, 0.31; P =.001; group mean differ-  No at 2y (ES, 0.14; P NS; group mean difference, 1.40; 95% Cl: -0.56, 3.36)
ence, 3.40; 95% Cl: 1.35, 5.45)
Singh* DM and non-DM NR No at average + SD of 2.1 + 0.7 y (P>.05; group mean difference, 0.30)
SF-12 MCS
Clement et al? DM and non-DM Yes (P =.008; group mean difference, Noat 1y (P =.59; group mean difference, 0.40; 95% Cl: -097, 1.71)
2.10;95% Cl: 0.54, 3.58) Yes at 1y (P =.03; group mean difference for preoperative-to-postoperative
change, 1.70; 95% Cl: 0.14, 3.22)
HUI Mark 3
Amusat et al® DM and non-DM No (ES, 0.23% P = .07) No at 1 mo (ES, 0.07¢ P = .18)
Yes at 3 mo (ES, 0.23%; P<.001)
No at 6 mo (ES, 0.08; P = .16)
Pain
WOMAC pain subscale
Amusat et al’ DM and non-DM No (ES, 0.02¢) No at 1 mo (ES, 0.15%)
No at 3 mo (ES, 0.31°)
No at 6 mo (ES, 0.28°)
Brock et al’ DM and non-DM NR No at 1y with pain as the predictor variable (estimate, -4.58; SE, 4.04; P NS)
Cheuy et al* DM and non-DM No (ES, 0.00%; P =1.00; group mean differ- No at 3 mo (P =.37; ES, 0.17¢, group mean difference, -1.00; 95% Cl: -3.00, 1.00)
ence, 0.00; 95% Cl: -2.13, 2.12)
Jones et al? DM and non-DM NR Yes at 6 mo to 3 y: significant DM-by-time interaction effect (coefficient, 0.25; 95%

Cl:0.04,0.46; P =.02)
Lenguerrand et al® DM and non-DM No (ES, 0.12; group mean difference, 2.0;  No at 3 mo (ES, 0.15; P =.30; group mean difference, 3.0; 95% Cl: -2.51, 8.51)
95% Cl: -2.60, 6.60) No at 6 mo (ES, 0.15; P = .20; group mean difference, 3.0; 95% Cl: -2.22, 8.21)
Yes at 1y (median group difference, 10; P = .01)

KSS pain scale
Meding et al*? DM and non-DM No (group mean difference, 1.00) Yes (P =.005). Group mean differences: at 6 mo, 5; at 1y, 5;at 3y, 5; at 5 y, 8; at
7y,5
Moon et al*® DM and non-DM No (ES, 0.10; group mean difference, 1.0; ~ No at 24 to 132 mo (average, 53 mo) (ES, 0.00; group mean difference, 0.00; 95%
95% Cl: -1.13, 3.13) Cl:-1.81,1.81)
Painful joint and persis-
tent pain
Rajamaki et al* DM and non-DM NR Yesat1-2y
Painful joint, OR = 2.2 (95% Cl: 0.70, 6.30)
Persistent pain, OR = 8.5 (95% Cl: 1.90, 38.0)
VAS
Rajamaki et al* DM and non-DM Yes for pain at rest (median group differ- ~ No at 1-2 y for improvements in VAS score for pain at rest (P = .10)

ence, 22 points; P =.01) Yes at 1-2 y for improvement in VAS score for pain in motion (P = .02)
No for pain in motion (median group
difference, 2 points; P =.09)

Table continues on page Al4.
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APPENDIX E

Is Diabetes Status Related to Outcome Differences?*

Measurement/Study Groups Presurgery Postsurgery
Lenguerrand et al’® DM and non-DM NR Yes at 3 d for pain at rest (ES, 0.40; P =.004) and pain with movement (ES, 0.31;
P=.03)
Stiffness
WOMAC stiffness subscale
Brock et al® DM and non-DM NR No at 1y with stiffness as the predictor variable (estimate, -6.04; SE, 3.72; P NS)
Cheuy et al* DM and non-DM No (P = 90; group mean difference, 0.06;  No at 3 mo (P = .27, group mean difference, 0.5; 95% Cl: -0.4, 1.4)

95% Cl: -0.84, 0.96)

Lenguerrand et al’® DM and non-DM No (ES, 0.0; group mean difference, -1.0; ~ No at 3 mo (ES, 0.05; P = .70; group mean difference, 1.0; 95% Cl: -4.84, 6.84)
95% Cl: -6.76, 4.76) No at 6 mo (ES, 0.15; P = .50; group mean difference, 3.0; 95% Cl: -3.09, 9.09)
Yes at 1y (median group difference, 34 points; P = .02)

Abbreviations: CI, confidence interval; DM, diabetes mellitus; ES, effect size; HbAIc, glycated hemoglobin; HUI, Health Utilities Index; KSS, Knee Society
Score; MCS, mental component summary; NR, not reported; NS, not significant (P value NR); OR, odds ratio; PCS, physical component summary; ROM,
range of motion; SF-12, Medical Outcomes Study 12-Item Short-Form Health Survey; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey;
TKA, total knee arthroplasty; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

“Walues in parentheses are 95% confidence interval. Mean difference was calculated by subtracting the mean score of the DM group from that of the non-DM
group in studies reporting group means without reporting variance.

YEffect size was calculated, using Cohen’s d, via the means and SDs of the DM and non-DM groups in studies that used the t test.

°Reported change score (ie, the difference between preoperative and postoperative scores) only, and not individual preoperative or postoperative scores.
dScores for the DM group were reported separately, so combined means and SDs were calculated to determine the ES.
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APPENDIX F

SUMMARY OF FUNCTIONAL DIFFERENCES BETWEEN PATIENTS WITH AND
WITHOUT DIABETES PER STUDY, MEASURE, AND TIME POINT
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O Study A Preoperative Measure of Function @ Early Postoperative Measure of Function < Late Postoperative Measure of Function
~— Function Not Significantly Different Between DM and non-DM — Function Significantly Worse in DM Versus non-DM

Functional differences between those with and without DM at 3 time points: preoperative, early postoperative (within 1 year after surgery), and late
postoperative (1 year or more after surgery). (A) The KSS, OKS, and HSS. (B) The WOMAC, TUG, 4-m walk, and 30-second STS. Node sizes are related
to the number of studies reporting on the measure, with larger shapes associated with a greater number of studies. Not included in this figure are the
Functional Independence Measure motor score, reported by Wang et al,> and the Mayo knee questionnaire, reported by Singh and Lewallen,* due to
having fewer than 2 studies per measure. Abbreviations: DM, diabetes mellitus; HSS, Hospital for Special Surgery Knee Score; KSS, Knee Society Score;
OKS, Oxford Knee Score; STS, sit-to-stand; TUG, timed up and go; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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APPENDIX G

SUMMARY OF RANGE-OF-MOTION AND STRENGTH DIFFERENCES BETWEEN PATIENTS
WITH AND WITHOUT DIABETES PER STUDY, MEASURE, AND TIME POINT
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Outcome differences between those with and without diabetes mellitus at 3 time points: preoperative, early postoperative (within 1 year after surgery),
and late postoperative (1 year or more after surgery) for extension range of motion, flexion range of motion, total range of motion, and extension
strength. Colors represent measurement categories, shapes represent measurement time points, and sizes are related to the number of studies report-
ing on the outcome measure, with larger nodes associated with a greater number of studies and a greater number of measures. The lines represent the
relationships between study and outcome (lighter lines suggest lesser or no relationship).
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