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Abstract

Background Osteoarthritis (OA) and lower back pain (LBP) are most common health problems which lead to pain
and disability. This study aimed to systematically review the evidence to find any relationship between knee osteoar-
thritis (KOA) and LBP or any potential causation.

Methods The databases of Scopus, MEDLINE, and Embase were searched from inception to 01 October 2022. Any
study published in English assessing live humans over 18 years with KOA and LBP was eligible to be included. Studies
were independently screened by two researchers. Data of the included studies were extracted based on the partici-
pants, outcomes related to knee and lumbar spine, reported association or causation between LBP and KOA, and
study design. Data were narratively analyzed and presented as graphs and table. Methodology quality was assessed.

Results Of 9953 titles and abstracts, duplicates were removed, and 7552 were screened. Altogether, 88 full texts
were screened, and 13 were eligible for the final inclusion. There were some biomechanical and clinical causations
were observed for the concurrent presence of LBP and KOA. Biomechanically, high pelvic incidence is a risk factor for
development of spondylolisthesis and KOA. Clinically, knee pain intensity was higher in KOA when presents with LBP.
Less than 20% of studies have justified their sample size during the quality assessment.

Discussion Development and progression of KOA in patients with degenerative spondylolisthesis may be induced
by significantly greater mismatches of lumbo-pelvic sagittal alignment. Elderly patients with degenerative lumbar
spondylolisthesis and severe KOA reported a different pelvic morphology, increased sagittal malalignment with a lack
of lumbar lordosis due to double-level listhesis, and greater knee flexion contracture than in patients with no to mild
and moderate KOA. People with concurrent LBP and KOA have reported poor function with more disability. Both LBP
and lumbar kyphosis indicate functional disability and knee symptoms in patients with KOA.

Conclusions Different biomechanical and clinical causations were revealed for the concurrent existence of KOA and
LBP. Therefore, careful assessment of both back and knee joints should be considered when treating KOA and vice versa.
Systematic review registration PROSPERO CRD42022238571

Keywords Knee osteoarthritis, Low back pain, Spinal alignment, Biomechanics, Mechanical back pain, Lumbar
radiculopathy, Back pain, Knee pain
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Background

Osteoarthritis (OA) and lower back pain (LBP) are
most common health problems worldwide [1]. OA is
a major form of arthritis causing pain and disability.
Approximately 15% of the world population is affected
with OA [2, 3]. Direct lifetime medical expenses for
adults in the United States (US) related to knee osteo-
arthritis (KOA) are reported as US $12,400 [4]. LBP is
also very common in western countries, affecting 80%
of people at any point in their lifetime [3]. The health-
care cost of it is £1632 million in the USA [5].

Some patients with KOA may not respond well to the
recommended knee exercises. This may be due to the
possibility of additional concurrent conditions affect-
ing KOA, such as LBP. LBP is a common complaint in
individuals with KOA [6, 7], and concurrent LBP was
reported as 57.4% of patients with KOA [7]. The qual-
ity of life (QOL) is affected in people with concurrent
OA and LBP [1]. Some evidence was found in literature
to support the association between LBP and KOA and
causations. Any structural or functional factors that
could cause concurrent LBP in KOA, such as increased
BMI or repetitive posture, should be carefully taken into
account when managing KOA. The mechanism, nature,
and cause of any common factors leading to concurrent
LBP in KOA are still unclear, and to date, no systematic
review has been conducted to pool this data. Therefore,
it is worthwhile to collate evidence on concurrent exist-
ence of LBP in KOA, aiming to investigate any relation-
ship and causations between these two conditions.

It was reported that there was a higher prevalence
(57.4%) of the coexistence of KOA and LBP [7] and the
higher knee pain intensity in KOA when presented with
LBP [8]. These two conditions might be biomechanically
related [9, 10]. There is a paucity of pooled information
in the literature, and inconsistent findings have been
reported about the alignment of the spine, the pelvis, the
lower extremities, and associated musculature attached
to those structures [11] in relation to the concurrent
existence of these two debilitating conditions [12].

There is no previous systematic review to date,
assessing the relationships or causation for this con-
current existence of KOA and LBP. Therefore, the
objective of this systematic review is to explore
whether there is any relationship or potential causation
for the concurrent existence of these two conditions.

Method

Registration

The protocol for this systematic review was registered with
the International Prospective Register of Systematic Reviews
(PROSPERO) (CRD42022238571) on 14 January 2022.
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Aims

The objective of this study is to explore whether there is
any relationship or potential causation for the concurrent
existence of LBP and KOA.

Design

This systematic review was conducted and guided by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [13] (Additional file 1).

Search strategy

A search of electronic databases including MEDLINE,
Embase, and Scopus were conducted from inception to
22 February 2021. This search was updated on 01 Octo-
ber 2022. A search strategy was developed for the main
search strings of “knee osteoarthritis” and of “low back
pain” Keywords for “knee osteoarthritis” were degen-
erative joint disease of the knee, degenerative arthritis
of knee, and osteoarthritis of the knee. Key words for
“low back pain” were low back ache, sacroiliac joint pain,
mechanical back pain, and lumbar radiculopathy. These
terms were utilized alone and in combinations during the
search. The search strategies are available in Additional
file 2. For this review, KOA was described as progressive
destruction of articular cartilage and a disease involving
whole knee joint [13], while LBP was described as pain
involving or derived from structures in the lumbosacral
region between the lower posterior margin of the rib cage
and the horizontal gluteal fold [14].

Identification and selection of studies
Below inclusion and exclusion criteria were applied in
deciding the eligibility of the studies.

Inclusion criteria

+ Any study assessing live humans over 18 years with
KOA and back pain

+ Any study comparing the condition to their non-
affected lower limb or to healthy people

+ Any variable assessing biomechanical (structural out-
comes such as angles, alignments, range of motion
(ROM)) or clinical outcomes (function/disability,
pain) of lumbar area of KOA

+ Any study design except case studies, case series
published in peer-reviewed journals

+ Studies in English

Exclusion criteria

« Studies on children, animals, or cadaveric studies
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+ Studies with other arthritic conditions or joints other
than knee joint

+ Conference abstracts

+ Nonoriginal study designs such as commentaries,
research notes, editorials, or letters

+ Any form of reviews

Data search was exported to EndNote reference man-
ager software (EndNote version 9.3.3., Clarivate, Philadel-
phia, USA) and then to the Covidence systematic review
management software (Covidence systematic review
software, Veritas Health Innovation, Melbourne, Aus-
tralia) to remove duplicates and for screening. Screening
was carried out independently by two researchers: title
and abstracts first and then full texts. Discrepancies were
resolved by consensus, and any conflicts were resolved by
a third researcher. Descriptive data were extracted by the
first author, using an extraction table in Microsoft Excel.
Authors were contacted when there is missing or no suf-
ficient details during data extraction from the eligible
studies. The following details were extracted: publication
details, participant characteristics, details about the con-
ditions, details of the comparator, and outcome measures
(any existing association between two conditions).

Data analysis

Narrative synthesis was carried out and presented graph-
ically and as tables as appropriate. No meta-analysis was
carried out since there was a lack of studies assessing the
same outcomes and due to a lack of meaningful data to
pool together.

Assessment of methodological quality

The methodological quality of the individual studies was
assessed by the first author using the quality assessment
tool for observational cohort and cross-sectional studies
[15]. This has 14 items assessing the quality of the meth-
ods on research question, study population, eligibility
criteria, sample size, outcome measurements, timeframe,
exposure, follow-up, and analysis. Any clarifications were
discussed with the research team when required.

Results

Selection and characteristics of included studies

The database search identified 7552 studies after removal
of 2401 duplicates. Following the first stage of screening
(title and abstract), 88 full texts were screened to identify
eligible studies for final inclusion. A further 75 studies
were excluded at the second stage of screening (full text),
mainly because the studies were not assessing any causa-
tion or relationship, not both the interested conditions
were explored, or because of non-peer-reviewed publi-
cations such as conference proceedings, commentaries,
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and research notes. Thirteen studies [6-9, 12, 16-23]
were therefore included into the final analysis of the cur-
rent review (Table 1) (Fig. 1).

The included studies were conducted in eight countries
(Korea, Taiwan, Japan, Canada, Australia, Netherland,
Kansas, and China) involving in 4976 participants. Out-
come measures assessed were related to the knee were
pain, disability, knee range of motion (ROM), and KOA
severity grades. There were seven studies assessing biome-
chanical associations [9, 16, 18-20, 22, 23] and 10 of stud-
ies assessing clinical outcomes [6-8, 12, 16-18, 21-23].
There were six studies evaluating the outcomes related
to knee pain and disability [7, 8, 17, 18, 20, 23] (Table 2),
six studies evaluating the outcomes related to back pain
and disability [6, 8, 17, 18, 21, 22], one study measuring
the knee flexion angle [20], the spinal ROM [18], and one
study evaluating the knee OA severity [22] (Table 2).

Association between LBP and KOA
Biomechanical associations

Spinopelvic alignment There were seven studies that
have investigated biomechanical measures such as spe-
cific angles and alignment of the bones in relation to
LBP and KOA in the literature. Development and pro-
gression of KOA in degenerative spondylolisthesis (DS)
patients may be induced by significantly greater mis-
matches of lumbo-pelvic sagittal alignment [19]. Rate
of double adjacent level of spondylolisthesis (condition
in which a vertebral body shifts forward with an intact
neural arch, compared to the vertebral body beneath
it [24] in KOA group and non-KOA group) was 33.3%
and 18.1%, respectively [19]. As a result of significantly
greater PI (mean £+ SD, 58.0° £ 10.4) and pelvic tilt
(PT) (27.2° £ 9.8), double adjacent level spondylolis-
thesis with greater pelvic incidence-lumbar lordosis
(PI-LL) (30.6 £ 10.0) is dominant in KOA patients with
DS than patients without KOA. This shows that these
factors are responsible in complicating KOA in patients
with DS [19]. Elderly patients with degenerative lum-
bar spondylolisthesis (DLS) and severe KOA reported a
different pelvic morphology than in patients with no to
mild and moderate KOA [20]. They also presented with
an increased sagittal malalignment and a lack of lumbar
lordosis due to the double-level listhesis and greater
knee flexion (mean + SD, 10.1° + 5.3) contracture.
Parameters in lumbo-pelvic sagittal alignment is as
follows: PT, LL, PI-LL, and SS of KOA group and non-
KOA group were mean + SD, 27.2° + 9.8 and 22.2° £+
8.6,40.4° £+ 15.8 and 42.6° + 14.3,17.9° + 15.1 and 10.3°
+ 12.9, and 30.6° & 10.0 and 30.6° & 8.9, respectively. A
greater pelvic retroversion (mean + SD, 34.1° £ 10.8)
may have activated in these patients as a compensatory
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Identification of studies

|
E
2 Records identified from data » Record removed before screening:
§ bases (n=9933) Duplicate records removed (n=2401)
Records screened (n=7552) Records excluded (n=7464)
on
g
=
8 l
3}
1}
Full texts assessed for
eligibility (n=88)
Full texts included (n=13) > Full texts excluded (n=75)
No association measured between
KOA and LBP (47)
E Abstracts (13)
é’ Not KOA (8)
Non- English (4)
Review (1)

Fig. 1 Flow chart of the study

mechanism [20]. Severe OA exhibited a significantly
greater (mean £ SD, 56.7° & 8.7) (p = 0.05) pelvic inci-
dence (the angle between the line perpendicular to the
sacral end plate at its midpoint and a line connecting
this point to the axis of the femoral head), pelvic tilt,
and knee flexion angle (KFA), along with a smaller
degree (mean £ SD, 34.9° £+ 14.6) of lumbar lordosis
than in the mild-OA group (p = 0.26) [20].

Rate of radiographic adjacent-segment disease (ASD)
(which is a condition with encompassing many compli-
cations of spinal fusion, including listhesis, instability,
herniated nucleus pulposus, stenosis, hypertrophic facet

Case series (1)

Duplicate (1)

arthritis, scoliosis, and vertebral compression fracture
[25]) was observed to be higher in the severe OA group
than in the mild OA group (38%) (p = 0.02) [20]. Patients
with ASD in severe OA exhibited significantly greater
PT (mean + SD, 26.2° £ 7.0), along with less LL (38.7° +
12.2), than the patients without ASD (p < 0.05). High PI
(58.3°) is a risk factor for development of spondylolisthe-
sis and KOA [16]. The incidence of knee OA was higher
in individuals with a high PI (58.3°) compared to low PI
(49.5°) (p = 0.03).

A significantly greater pelvic anterior tilt (44.68°) angle
was found in the patients with KOA of both the LBP and
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Study

Biomechanical causations/
relationships

Spinopelvic alignment

Angles

ROM

Huang et al, 2014 [18]

Iwamura et al, 2020 [19]

Kohno et al, 2020 [20]

Taniguchi et al, 2021 [23]

Pelvic anterior tilt(°): Greater in
KOA compared to the healthy
people (median (IQR), with LBP
—44.68(—50.18/—40.52); NLBP
—45.83(—48.56/—39.38); healthy
—32.61(—37.05/—2847))

Lumbo-pelvic sagittal
alignment:.development and
progression of KOA in DS patients
is induced by significantly greater
mismatches of lumbo-pelvic sagit-
tal alignment (p=0.02)

Parameters in lumbo-pelvic sagittal
alignment: PT; LL; PI-LL and SS of
KOA group and non-KOA group
were mean £ SD, 27.2° £ 9.8 and
22.2° £ 86;404° + 158 and 42.6°
+143;179°+151and 10.3° £
12.9,and 30.6° £ 10.0 and 30.6° +
8.9, respectively, and significant
difference was observed in the rate
of double adjacent level spon-
dylolisthesis (p = 0.023), and in the
following sagittal parameters: PT (p
<0.001), and PI-LL (p < 0.001)

PT(°): significantly greater in
patients with ASD (mean = SD),
(26.2 £ 7.0) in the severe-OA group
than the patients without ASD (34.1
+108) (p=0.02)

LL(°): less in patients with ASD (
mean £ SD), (34.9 4+ 14.6), than
without ASD (406 % 9.9) (p=0.26)

Rate of double-level listhesis: sig-
nificantly higher in the severe-OA
group compared with the other
groups (p=0.01) (patients number
%) mild OA group 5 (12); moderate
OA 8 (31); severe OA 16 (40)

Lumbar kyphosis: associated with
a lower functional abilities with
lumbar kyphosis (mean= SD), (77.4
+19.1) (p < 0.001) than those
without lumbar kyphosis (86.1 £+
15.3) (p = 0.03)

Anterior trunk inclination

angle(®): no significant differ-

ence between KOA and healthy
people (median(IQR), with

LBP —82.13(—89.33/—73.23);
NLBP—83.96(—88.80/—74.07); con-
trols —85.05(—85.96/81.92))

Pl- significantly greater Pl with
dominant of double adjacent level
spondylolisthesis in patients with
concurrent KOA (mean =+ SD), (58.0°
4104 ) and DS (p<0.01) than in
patients with DS without KOA(52.8°
+10.0) (p<0.01)

PI, PT, KFA: significantly greater in
severe OA group, than mild OA
group along with a smaller degree
of LL than the mild-OA group
preoperatively (all p < 0.05)

PI (°): significantly greater in severe
OA group (mean £SD), (7 +8.7)
than the mild OA group (51.8 £ 9.6)
(p=0.05)

PT (°): significantly greater in severe
OA group (mean =+ SD), (28.8 +9.3)
than the mild OA group (20.1 £ 8.3)
(p <0.01)

LL (°): significantly smaller in severe
OA (mean £ SD), (38.7 4= 12.2) than
the mild OA (45.6 = 13.0) (p= 0.04)

Not assessed

Trunk flexion angles(®): smaller in KOA
patients compared to healthy people
without KOA or LBP(median (IQR),
with LBP —27.65 (—33.07/—20.10) ;
non LBP —27.44 (—32.83/—24.30);
healthy —40.43 (—46.46/—36.44))

Trunk rotation angle(): smaller in
NLBP group than that of the controls
(median (IQR), with NLBP 6.01
(3.89/8.23); controls 9.15 (6.57/10.25)

Knee flexion angles in ipsilateral side
of bending (°): significantly smaller
when doing the downward pick-up
movement in both the LBP and
NLBP groups (median (IQR), with
LBP —7.54 (—=12.31/—3.78); non LBP
—6.39 (—12.95/—4.05); controls
—19.89 (—31.63/—6.50))

Not assessed

KFA (°): significantly greater in severe
OA (mean £ SD), (10.1 £ 5.3) group
than the mild-OA (4.9 &+ 6.8) group
pre- operatively (p=0.02)

Not assessed
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Study Biomechanical causations/

relationships
Spinopelvic alignment

Angles ROM

Van Erp et al, 2020 [16] PT (pb=0.07) and SS (p=0.09):
correlated with radiological knee
OAKL > 2 and different degree of
PI, individuals with high Pl had sig-
nificantly higher scores compared

to low Pl

Spondylolisthesis were more
frequently present in subjects with
high PI compared to low PI (L4 to
L5;p=0.02vsL5toS1;p=0.001)

L5to S1 DDD: occurred more in
patients with low Pl compared to
high PI (p =0.01)

Sagittal alignment: no significant
difference between KOA patients
with and without LBPComparable
PI, SS, and PT values were revealed
between the two groups, suggest-
ing similar sagittal morphology and
pelvic alignment

PI(°): with LBP (mean +

SD),(48.54104), without LBP
(45.0410.0)(p=0.68)

Wang et al, 2016 [9]

SS(°): with LBP (36.24£9.2) without-
LBP (32.94:84) (p=0.92)

PT(°):with LBP(12.546.3) without-
LBP(12.24+7.1) (p=0.32)

Yasuda et al, 2020[22] Lumbo-pelvic sagittal alignment:
poor in individuals over 50 years
of age with severe KOA and has
stronger relationship with progres-
sion severity of KOA in women
thanin men PT(°): (mean =4 SD),
KL1(15.847.5),KL2(20.14+8.8),
KL3(21.449.2) KL4(24.749.5)
(p=<0.01)

PI: high PI (58.3) was associated Not assessed
with higher incidence of knee OA

compared to low PI (49.5) (p = 0.03)

Patients with severe KOA showed Not assessed.
significantly smaller SFA (43.1°

versus 51.8%, p < 0.01) and PFA

(2.2° versus 9.1°, p < 0.01) values

compared with controls.

Fl: significant backward Fl larger
FI(11.3°versus 4.2°, p < 0.01), hip
flexion, and forward spinalinclina-
tion in patients with severe KOA
compared with asymptomatic
persons free from KOA (p < 0.01)

FI 10° showed no significant
difference in the prevalence of LBP
compared with those with FI >

10° (18/23 versus 21/36 patients,
chisquared = 2.5,p=0.11)

C7T: significantly smaller among
severe KOA patients compared
with controls (88.4° versus 92.9°, p
<0.001), indicating forward inclina-
tion of the spine

Not assessed Not assessed

Abbreviations: ASD adjacent-segment disease, 3 beta coefficient, BMI body mass index, Cl confidence interval, DLS degenerative lumbar spondylolisthesis, DS
degenerative spodylolisthesis, FI femoral inclination, K/L Kellgren and Lawrence, KFA knee flexion angle, KOA Knee OA, LBP low back pain, LL lumbar lordosis, M male,
MD mean difference, NS not specified, OR odds ratio, OA osteoarthritis, PFA pelvic femoral angle, P/ Pelvic incidence, PI-LL pelvic incidence-lumbar lordosis, PT pelvic
tilt, RCT randomized control study, ROM range of motion, SD standard deviation, SE standard error, SFA sacrofemoral angle, SS sacral slope, SVA sagittal vertical axis, SD
standard deviation, TKA total knee arthroplasty, VAS visual analogue scale, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index

non-LBP groups compared to healthy people without
KOA or LBP [18]. There was no significant difference
in anterior trunk inclination angle or sagittal alignment
between KOA patients with and without LBP [9]. The sag-
ittal alignment of spine-pelvis-lower extremity axis was
significantly influenced by severe KOA [9]. The lumbar

spine is served as the primary source of compensation,
while hip flexion and pelvic anteversion increased for fur-
ther compensation [9]. Changes in sagittal alignment may
not be involved in the pathogenesis of LBP in this patient
population [9]. Patients with severe KOA showed signifi-
cant backward femoral inclination (FI), hip flexion, and
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forward spinal inclination (p < 0.001) compared with con-
trols (without KOA) [9]. In addition, patients with FI of 10°
showed reduced lumbar lordosis and significant forward
spinal inclination compared with controls, whereas those
with FI > 10° presented with significant pelvic anteversion
and hip flexion [9]. Individuals over 50 years of age with
severe KOA reported to have a poor lumbo-pelvic sagit-
tal alignment [22]. Severity of KOA found to be related
to lumbo-pelvic sagittal alignment; however, it does not
relate to the global spinal balance [22]. KOA was found to
be strongly related with the pelvic retroversion [22]. This
pelvic retroversion may lead the progression of KOA [22].
Vice versa, knee joint degeneration may affect the pelvic
retroversion [22]. According to kinematic chain reaction,
pelvic retroversion is related to hip external rotation and
varus knee deformity in standing position [22]. Varus knee
alignment increases the medial tibiofemoral load and is
associated with knee osteoarthritis [22]. Thus, sagittal
lumbo-pelvic malalignment, especially pelvic retroversion,
could lead to the progression of KOA. Furthermore, lum-
bar kyphosis in women was found to be associated with a
lower Knee Society Knee Scoring System (KSS) symptom
score [23].

Range of motion (ROM) Both knee and spinal ROM
were measured in relation to LBP and KOA. The knee
flexion angle on the ipsilateral side bent to pick up was
significantly smaller in both KOA groups (median with
LBP — 9.11° and without LBP — 8.99°) than in the con-
trols (median without KOA and LBP 15.45°) in the down-
ward reach and pickup movements [18].

The patients with KOA in the LBP and non-LBP groups
showed significantly smaller (median: with LBP =
—27.65% non-LBP = —27.44°) trunk flexion angles than
that of the controls (without KOA or LBP, median =
—40.43°), and the rotation angle of the non-LBP group
was smaller (median = 6.01°) than that of the controls
(9.15°) [18].

Clinical characteristics

Almost every clinical measure was worse among those
who report back pain, including Health Assessment
Questionnaire disability, pain, global severity, fatigue, and
psychological status in people with KOA [6]. Pain and
functional disability were commonly investigated in rela-
tion to LBP and KOA in the previous literature Table 3.

Pain in concurrent LBP and KOA

Back pain is strongly associated with knee pain [6].
Compared to the primary KOA patients with mild
LBP, patients with severe LBP had significantly poorer

Page 14 of 20

Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) pain score [17]. Roland-Morris
Disability Questionnaire (RDQ) and Oswestry Disability
Index (ODI) pain scores were higher (median = 9, non-
LBP = 3.5) in the LBP group with KOA [18]. LBP was
significantly associated with increased WOMAC knee
pain score (p < 0.01) [7]. Although mild LBP was not
associated with WOMAC knee pain score, moderate
and severe LBP were each associated with substantially
higher (95% CI = —11.6) WOMAC knee pain scores [17].
Knee pain intensity with LBP was higher (5: 0.62; 95% CI:
0.51 to 0.73) than in those without LBP (5: 0.40; 95% CI:
0.32 to 0.49) in individuals with LBP compared to no LBP
in KOA [8]. There was another study to support no asso-
ciation between LBP and pain in KOA [12].

Functional disability in concurrent LBP and KOA

LBP interacts with knee pain intensity and contributes to
the disability level in individuals with KOA [8]. Coexist-
ing LBP and knee pain had a stronger impact on disability
level than in individuals with LBP than in those with-
out LBP [8]. The presence of LBP was associated with
increased disability level (with LBP (B: 0.62; 95% CI: 0.51
to 0.73) than in those without LBP (55: 0.40; 95% CI: 0.32
to 0.48)), and relationship between knee pain intensity
and disability level was higher in individuals with LBP
than in those without LBP [8]. More severe lumbar spine
symptoms (visual analogue scale (VAS score > 7)) were
likely to adversely affect the WOMAC physical compo-
nent summary and mental component summary scores
of the SF-36 among patients with advanced KO [17]. In
addition, a moderate lumbar spine symptom grade was
associated with a poorer WOMAC function score [8].

ODQ and ODI scores were higher (11 and 9, respec-
tively) in people with concurrent LBP and KOA [2, 8].
Moreover, the progression severity of KOA had more
impact on stronger relationship with disability-related
LBP in women than in men [22]. In women, the ODI
score in people with severe OA was worse compared to
that in mild OA [22].

Both LBP and lumbar kyphosis are useful clinical sig-
nals and indicate functional disability and knee symp-
toms in patients with knee OA [23]. LBP and lumbar
kyphosis were independently associated with a lower
KSS function score [23]. The coexistence of LBP and lum-
bar kyphosis in women was associated with a lower KSS
symptom score [23].

There is evidence to support for having no clinical rela-
tionship between these two conditions. LBP was not asso-
ciated with disability in individuals with KOA (p = 0.998)
[12]. There was no statistically significant difference in
the Lequesne’s index scores between the LBP and non-
LBP groups with KOA [18]. ODI score and corresponding



Page 15 of 20

(2023) 12:28

Amarasinghe et al. Systematic Reviews

passasse 10N

(sau10d ([SS'T- 03 T1'9-) 677 1D%S6 IUISHIP UBSW) USUIOM

Ul UOIIDUNY J9MO| B UM P3RIDOSSe sem :SisoydAy| Jequuin| pue 4g Jo 9oUa1SIXa0D)
(KloAnoadsal ‘sisoydAy sequun|

pue dg7 40 95Ud15IX20D 3Y3 10} sulod (98'8- 01 98'81-) 71 98°€ |- pue ‘duoje sisoydAy
Jequun| 1oy syulod (€4°0- 01 1 §'8-) L'~ "SUOJe 4§70 ulod (9€°C- €1 0195 /) 967 1D
956 W) UOIDUNY JaMO| B Ylm paieosse Apuapuadapul :sisoydAy Jlequin| pue dg7

(V'€ +FTS d971INOYUM 'L'HFG9 (35) g dFT Ylm 21095 DYINOM)

(100>d ‘| =g) 2102S [PUOIIDUNY PASEAIDUI YUM PI1RIDOSSE AQUedYIUDIS :dg]

660 =10d'6cc

016£°€— 1D %56 °0 = g) VOM YHM S[eNpIAIpUL UI dgT YUM paie1dosse 1ou :Aljigesia
(%9'£L-1LS

17 956) %1789 e yim siuaiied aauy buowe Jaybiy Ajpuesyiubis ;jgo 241 uo uled

siualed dg7 (L'SLF 6'6€)
2I9A3S 10 31eIopow 01 patedwod (100 > d) syusied vy | aanesadoaid ul ured yoeq 01

aNpP) (FLF S 1) (ASFuesw) Ayjigesip [ewiuiw :uied speg 01 anp Ayjigesip jo aa16aQ

(S0'0= d) |9A3] AN|IQRSIP PaseaIdUl YIM PIRID0SSe S| 4g] |A3] Aljigesi

(071/001) OEL

(O'SL/E6) 0L L dgT YUM (HOI) UBIpaW)dgT UoU pue dg udsmiag aoulagip Juedyiubls
Aj[e21s11€1s OU YO 93Uy Yum sauaied a3 Jo Aujigesip [euonouNy pue uted ((8'G/0°7) 'S
dg7uou (801/€2)'6 41 Yum ‘(YOI) ueipau) dnoib g1 ut1aybiy :Aujigesip [es1sAyd
(@S 1-0V v/ H7) 19'L-"1D %S6

UM JUSIDYJ0D UOISSI0) (0 |-/ 91025 SYA) 97 249A35 AQ pa1dajje :snieis [edIsAyd
(66:0=d"'100°0- = ¢) auids Jequun|

J0 A11aA3s d1ydeibolpel Yiim paieidosse Ajjuedyiubis 10u :sniels [edisAyd paysiuiuig
(LO'L O} PTTL-) ¥9'S-'1D %S6 Yum

JUSIDLYS0D UOISSaIDa1) apelb WoldWAS 91e4SpOWl YlIM PSIRIDOSS :UOIIDUNY II00d
(¥T6-019€°97-) 8'LL-"1D %56 YHM

JUSIDLY0D UOISSIB3I) (0 -/ D105 SYA) dgT 24935 AQ PR1D2YE A|9SIDAPE :UOIIDUNS
(08°0 =d '70'0- =¢) uonessusbap

aulds Jequuni Jo A14aAS DiydeiboIpel Yim Paleidosse 10U :Uo1dUNy Paysiuiwi(

Aujigesig/uonouny

(500 = a) (S6t) Id MO| 01 paseduiod (€'85) I UbIY yum sje
-NPIAIPUL PUB 7 < T YO 93U YUM S[enpIAIpul UI (£€'0=d) Jayb1y :Ausuaiur uredasuy

(100> d(5'S F 0'02) (ASFueaw)sisoydAy sequun| INoyim ueyy

(100> d) (FOF §'81) (aS Fueaw) sisoydAy Jequuin| yum ssauyins pue ured aauy ayl
Yam paieposse Apuedyiubis sem :sisoydAy Jequun| yim Bunsixaod dg7 4o auole 4g7
(6£0=0)

497 PIIW Yam paieposse 10U pue (100°0>d) ((9°68) € 1 /abeiuadiad pue ‘ou siualied)
dg71 249A3s pue 31e1spowl Yim syuaned Ul 1aybiy Ajjeinueisqns :s2100s ujed sauy|

(660 = ) YOX UM S[ENPIAIPUI Ul g7 Yaim Pa1e1dosse 1ou uted a3uyy

syuaned
i1 annelsdoaid ul (L00'0> d) dg1 (9%6'82) Pl AI9A 10 (9655) duou :ured soeg

(670 01
2€0°1D %56 00 :g) dg1 INOYUM 3501 Ul U_Y) (€£°0 03 LG'0:1D%S6 ‘290 ) ddT yum
S|enpIAIpUl Ul 1aybIy :|9A3] AljIgesIp pue Alisuaiul uled 9auy usamiaq diysuoiie|sy

(L00=0d) (08’1 Q1 2T 01D %S6:10°1:g)
dg7 219A3s 01 21eI9POW Ul paseasnul Aybiis ([aA3| Aljigesip pue dg7 4o sdiysuoie|ay

(S00=a) (£E£'1 01 100 1D %56 690 9
)[9A3] AUjIGeSIP PaseaIdu] Um Pa1eosse(16'| F £5°) (AST UeaW) 1035 SyA) dg ]

((0'1/00) G0 dgT1uUou(0Z/0°L) O°L d91
UM ‘(4D1) ueipaw) dnoib ggul1ayBiy usuodwod Alsusiul ujed ¥eq Jo S[aAT]

((281-0105°12-) 99'LL-'1D %56
Y1IM 1USIDLYJR0D UoIssalbal) ured 93Uy Yim paleIdosse (0L —/ SYA) 9Peib 21aAsS dgT

(87°0=d '80'0 =¢) Uoneisuabap
aulds Jequun| Jo A11aAs d1ydelbolpe) Yiim paieidosse 10U uled 2auy paysiuiwig

ured

sdiysuonejai/suonesned [edjuld

[91] 00T ‘e 3o dig uep

[€2] 120z e 39 1ydnblue|

[Z]010C 1’19 NS

[z11010z e 1o sednig

[1Z] #7107 'le 32 ouegiels

(8] 810C ‘|2 19 W

[811 7107 e 38 Bueny

[£11¥10¢ e 1 Bueyd

Apns

VO 23U pue 4g7 uasmiaq sdiysuolieji/suopesned [edjul|d € ajqeL



Page 16 of 20

(2023) 12:28

Amarasinghe et al. Systematic Reviews

X3pU| SHIYIIRODISO SSIISISAIUN JSISRIADIN PUE OLIBIUQ UISISOM DYINOM ‘9[eds anbojeue [ensia Sy ‘“A1sejdoiyrie aauy 2101 iYL ‘OE WI0J-1I0YS 9E 4§ ‘UOIIRIASP piepuels g5 101D
piepuels 35 ‘UOIIBIASP piepuUR)S (S ‘APNIS [0J1UOD pazZIWopuUel | DY ‘Dlleuuoiisang Alljiqesiq SUIO pueljoy D@y ‘Alewwns Jusuodwod [ed1sAyd §D4 ‘SIHY1Ie031S0 YO ‘Xapul Aljigesip A11samso [gO ‘Olies SpPo YO ‘payidads
10U SN ‘92UBIaYIP UesW gy ‘Arewiwins Jusuodwod [e3uaw SOl ‘Sjew py ‘uted y2eq MO| ¢g7 ‘WalsAS BuLI0dS 33Uy SSY ‘YO 93U YO ‘@duaime] pue ualb||ay 7/ ‘2Insesiy siY1Ieoa1sQ aauy asaueder Oy ‘a1ieuuonsanp

1UBWISSASSY Yi|esaH DYH ‘sisayisijojApods annesausbap sg ‘sisayisijojApuods Jequin| aaieIausbap $7@ ‘[eAISIUI 92UIPLYUOD [ ‘Xdpul ssew Apod jjyg 1ualdy)a0d e1aq ¢ ‘asessip Juswbas-1usdelpe gsy :suoneiaaiqqy

LT 3U2 Ul UBYY $TY 341 Ut I3yBiy 31035 [dO

OELFLOD T (LTLFLEM (6'LLFTTL )T (80LF6'6) L TH:24005
IJO(Z0'0=d) (UaW < USWOM) Ul 4g7 paie|al Aljigesip yum diysuoneal 196uoiis uo

1eduwi 210w pey YO J0 A11aAss UoIssa1bold :uted 3oeq 01 anp Alljiqes|p Jo aaibaq passasse 10N [27] 0707 ‘|2 38 epnseA
(0760977 1D %56 687 YO (C<) SYA
(9791 '£87) 1D %56 '$8'9 YO (2 <) Aujigesia (£8°€'€07) D %S6 ‘81T HO :(6°L-1) SYA :uled 2auy
(0€€"LE1) 1D %S6 '€1'T YO (6'L-1) Aujiqesig
(£0'0=d) uied yoeq Yum pajeosse A|Bbuons (1 0'0>d) Ajigesid (£0'0=d) ured 2auy Yum pajeosse A|Buoas :ujed oeg [9] 9661 ‘(€12 24oM

(penunuod) € ajqeL



Amarasinghe et al. Systematic Reviews (2023) 12:28

back pain disability among KOA patients indicated none
or minimal disability in another study [21]. Patients with
end-stage KOA were more likely to experience none or
very mild LBP, with minimal disability due to back pain
based on ODI score.

Quality of the included studies

Figure 2 reveals the overall assessment of the qual-
ity of the included studies. Out of 14 items of the qual-
ity assessment, 6 criteria were adequately addressed by
all the included studies. They have clearly described the
objectives and study population and had a rate of > 50%
eligible persons, reliable and valid exposure measures and
outcome measures, sufficient timeframe, and sufficient
follow-up rate. However, sample size justification, power
description, or variance and effect estimates should be
clearly indicated in the methods (Fig. 2).

Discussion

There were different biomechanical and clinical cau-
sations were revealed for the concurrent existence
of KOA and LBP. Biomechanically, high pelvic inci-
dence was found to be a risk factor for development
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of spondylolisthesis and KOA. Older people with
degenerative lumbar spondylolisthesis and severe KOA
reported a different pelvic morphology, increased sag-
ittal malalignment with a lack of lumbar lordosis, and
greater knee flexion contracture compared to no to
mild and moderate KOA. Clinically, knee pain inten-
sity was higher in KOA when presents with LBP. Peo-
ple with concurrent LBP and KOA have reported poor
function with more disability. Despite research assess-
ing the prevalence and clinical outcomes of cocurrent
KOA and LBP, no attempts were made to pool the data
about the mechanism or courses explaining the asso-
ciation between these two conditions in the literature
[7, 8]. Furthermore, to our knowledge, no systematic
reviews assessing the association between LBP and
KOA have been found. Therefore, this study is the first
to systematically explore this association, and several
biomechanical and clinical causes were identified for
this association.

Some biomechanical causations that exist between
KOA and LBP were reported in this review [16, 19, 20].
It was found that high PI is a risk factor for development
of spondylolisthesis and KOA [16]. Development and

Quality assessement of the included studies

1. Research question or objective clearely stated
2. Study population clearly defined and specified
3. Participation rate of eligible persons 250%
4. Subjects selcted from same or similar population
5. Sample size justification
6. Exposure(s) of interest measured prior to outcome(s)
7. Time frame sufficient

8. Different level of exposures as related to the...
9. Exposure measures clearly defined, valid, and reliable
10. Exposure(s) measured more than once over time
11. Outcome measures clearly defined, valid, and reliable
12. Outcome assessors blinded to the exposure status
13. Follow-up after baseline <20%

14. Adjusted for potential confounding variables

0%

HYes%
Fig. 2 Quality assessment of the included studies

B No%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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progression of KOA in patients with degenerative spon-
dylolisthesis may be induced by significantly greater mis-
matches of lumbo-pelvic sagittal alignment [19]. Elderly
patients with degenerative lumbar spondylolisthesis and
severe KOA reported a different pelvic morphology with
an increased (mean =+ SD: PI, 56.7° + 8.7 (p = 0.05); PT:
34.1° & 10.8) sagittal malalignment with a lack of lumbar
lordosis due to double-level listhesis and, a greater knee
flexion (p = 0.02), in severe OA (mean =+ SD: 10.1° & 5.3)
group than the mild-OA (4.9° + 6.8) contracture than in
patients with no to mild and moderate KOA [20].

Biomechanical relationship between LBP and KOA
suggestively can be due to an altered compensation
mechanism in lower limb joints and musculature. The
normal upright standing posture of the body is main-
tained by correct alignment of the spine, the pelvis, the
lower extremities (LEs), and associated musculature
attached to those structures [11]. Impairment of bony
structures and weakness or imbalance of these struc-
tures may cause disorders of the lower limb or vice versa
[11]. Decreased knee flexion and lumbar lordosis and
increased sacropelvic angle cause sacroiliac joint prob-
lems resulting in LBP [26]. Furthermore, this phenome-
non is caused by changes in the spinal alignment (lumbar
kyphosis) and knee flexion position, referred to as knee-
spine syndrome. In the sagittal plane, spinal kyphosis
increases pelvic retroversion, hip extension, knee flexion,
and ankle dorsiflexion as compensation. These compen-
satory mechanisms induce load on the knee joint, result-
ing in the progression of KOA. Severe KOA influences
on sagittal alignment of the spine-pelvis and LE axis [9].
Vice versa, degenerative changes in lumbar spine and loss
of lumbar lordosis may be associated with degenerative
changes in the knee [10]. Limitation of knee extension
significantly increases with reduced lumbar lordosis [10].
Furthermore, there is a correlation between endurance
of muscles around the lumbar area and balance in people
with KOA [27]. Poor dynamic balance was reported in
individuals with weak core muscles endurance [27].

In terms of clinical relationships, there was a rela-
tionship observed in pain and disability between KOA
and LBP. Knee pain intensity was higher in KOA when
it is presented with LBP [8]. People with concurrent
LBP and KOA have reported overall poor body func-
tion with more disability [8, 22]. Incorrect alignment,
and stressed structures because of the malalignment,
may cause the pain aggravations [28]. The subchon-
dral trabecular bone microarchitecture is associated
with the hip-knee-ankle angle and OA severity [28].
With the increase of the knee alignment deviation
and OA severity, the subchondral trabecular bone of
the affected side tibial plateau increased in bone vol-
ume, trabecular number, and trabecular thickness and
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decreased in trabecular separation [28]. LBP and lum-
bar kyphosis are both useful clinical indicators of func-
tional disability and knee symptoms in patients with
knee OA [23]. Coordination of the alignment of the
spine, pelvis, and lower extremity maintains a stable
and ergonomic upright standing position, particularly
in the sagittal plane [8, 29]. Pathology in any segment
of the trunk or lower leg can interrupt the overall pos-
tural equilibrium, resulting in compensatory changes
in other segments. Postural abnormalities may play a
role in the occurrence of LBP by creating concentra-
tions of stress [30, 31]. This may alter weight-bearing
axis of lower limb resulting increasing degenerative
changes in the knee joint [28]. Degenerative changes
in the knee may be provocative of knee pain. Low back
pain is biomechanically linked to knee pain via the so-
called knee-spine syndrome [10]. These symptoms may
eventually lead to global disability if left untreated or
not appropriately managed.

The findings of this systematic review are clinically
important and relevant because they were associated
with higher co-occurrence [17], pain intensity [8], dis-
ability [8], and fall’s risk [32]. Hence, it is important to
assess core strength, back stiffness, or any signs of back
pain as a preventive strategy. Early assessment and
screening for LBP in KOA, and early core strengthen-
ing, would immensely help to deteriorate the progres-
sion of KOA into a knee-spine syndrome which may
lead to LBP [8, 10, 33]. In the presence of co-occur-
rence, it is vital that the clinician considers treating both
the conditions rather than single KOA.

In terms of the quality assessment of the current
review, all studies have clearly described the research
objectives indicating a characteristic of a higher qual-
ity scientific research. All studies have described their
study population, and this helps in generalizing the
findings. In every study, more than 50% of eligible
persons participated in the study, and this reflects an
adequate representation of the target population. More
than half of the criteria were adequately addressed, and
this increases the internal and external validity of the
studies. However, sample size justifications should be
clearly indicated in future research.

There were several limitations of the present review.
We have limited the search strategy to studies only writ-
ten in English. We considered only studies assessing peo-
ple with KOA; however, we excluded people with knee
pain. Therefore, further studies are warranted to explore
any association between LBP and knee pain. A system-
atic search on efficacy of concurrent treatment for LBP
in KOA is required. Future research should focus on
assessing the effect of early core strengthening along
with lower limb strengthening for KOA and LBP. Future
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studies should be enhanced with a proper sample size
justification, a power description, or variance and effect
estimations.

Conclusion

The present review reported several biomechanical and
clinical causations for the concurrent existence of KOA
and LBP. Early comprehensive assessment is required in
managing KOA and LBP. Further trials with high-quality
methodology are warranted to assess the effects of the
exercise programs consisting of both lumbar and knee
exercises for KOA patients.
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