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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
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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.

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, 

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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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 

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 

Identification of studies

Records identified from data 
bases (n=9953)

Record removed before screening:

Duplicate records removed (n=2401)

Id
en

tif
ic

at
io

n

Records screened (n=7552) Records excluded (n=7464)

Sc
re

en
in

g

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)

Abstracts (13)

Not KOA (8)

Non- English (4)

Review (1)

Case series (1)

Duplicate (1)

In
cl

ud
ed

Fig. 1 Flow chart of the study
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Table 2 Biomechanical causations/relationships between LBP and knee OA

Study Biomechanical causations/
relationships
Spinopelvic alignment Angles ROM

Huang et al, 2014 [18] 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/−28.47))

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))

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))

Iwamura et al, 2020 [19] 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)

PI- significantly greater PI with  
dominant of double adjacent level 
spondylolisthesis in patients with 
concurrent KOA (mean ± SD), (58.0° 
± 10.4 ) and DS (p<0.01) than in 
patients with DS without KOA(52.8° 
± 10.0) (p<0.01)

Not assessed

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° ± 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, 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)

Kohno et al, 2020 [20] 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 
± 10.8) (p=0.02)

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)

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)

LL(°): less in  patients with ASD ( 
mean ± SD), (34.9 ± 14.6), than 
without ASD  (40.6 ± 9.9) (p=0.26)

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

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)

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 ± 12.2) than 
the mild OA (45.6 ± 13.0) (p= 0.04)

Taniguchi et al, 2021 [23] 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)  

Not assessed Not assessed
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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 

Table 2 (continued)

Study Biomechanical causations/
relationships
Spinopelvic alignment Angles ROM

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

PI: high PI (58.3) was associated 
with higher incidence of knee OA 
compared to low PI (49.5) (p = 0.03)

 Not assessed

Spondylolisthesis were more 
frequently present in subjects with 
high PI compared to low PI (L4 to 
L5; p = 0.02 vs L5 to S1; p = 0.001)

L5 to S1 DDD: occurred more in 
patients with low PI compared to 
high PI (p = 0.01)

Wang et al, 2016 [9] 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

Patients with severe KOA showed 
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. 

Not assessed.

PI(°): with LBP (mean ± 
SD),(48.5±10.4), without LBP 
(45.0±10.0)(p=0.68)

FI: significant backward FI 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)

SS(°): with LBP (36.2±9.2) without-
LBP (32.9±8.4) (p=0.92)

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)

PT(°):with LBP(12.5±6.3) without-
LBP(12.2±7.1) (p=0.32)

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

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 
than in men   PT(°): (mean ± SD),  
KL1(15.8±7.5),KL2(20.1±8.8), 
KL3(21.4±9.2),KL4(24.7±9.5) 
(p=<0.01)

Not assessed Not assessed

Abbreviations: ASD adjacent-segment disease, β beta coefficient, BMI body mass index, CI 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, PI 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
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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 

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 (β: 0.62; 95% CI: 
0.51 to 0.73) than in those without LBP (β: 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 (β: 0.62; 95% CI: 0.51 
to 0.73) than in those without LBP (β: 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 
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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 

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 

Fig. 2 Quality assessment of the included studies
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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 

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.

Abbreviations
LBP  Lower back pain
OA  Osteoarthritis
KOA  Knee osteoarthritis
KSS  Knee Society Knee Scoring System
PI  Pelvic incidence
OA  Osteoarthritis
QOL  Quality of life
LEs  Lower extremities
LE  Lower extremity
ROM  Range of motion
DS  Degenerative spondylolisthesis
LL  Lumbar lordosis
PI-LL  Pelvic incidence-lumbar lordosis
PT  Pelvic tilt
DLS  Degenerative lumbar spondylolisthesis
KFA  Knee flexion angle
ASD  Adjacent-segment disease
FI  Femoral inclination
WOMAC  Western Ontario and McMaster Universities Osteoarthritis Index
RDQ  Roland-Morris Disability Questionnaire
ODI  Oswestry Disability Index
VAS  Visual analogue scale
TKA  Total knee arthroplasty
SS  Sacral slope

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13643- 022- 02164-3.

Additional file 1. PRISMA_2020_checklist.

Additional file 2. Search strategy.

Acknowledgements
None.

Authors’ contributions
Study concept and design, PA, IW, and SW. Data search, IW. Design of data 
analysis plan, PA and IW. Study screening, data extraction, and quality assess-
ment, PA, IW, and SW. Analysis and interpretation, PA and IW. Drafting of 
manuscript and approval of the final manuscript, PA, IW, and SW. The authors 
read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets generated and/or analyzed during the current systematic review 
are available from the corresponding author upon a reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Physiotherapy, Faculty of Allied Health Sciences, University 
of Peradeniya, Peradeniya, Sri Lanka. 2 District General Hospital, Embilipitiya, Sri 
Lanka. 3 Department of Health and Functioning, Faculty of Health and Social 
Sciences, Western Norway University of Applied Sciences, Bergen, Norway. 
4 School of Health Sciences, The University of Newcastle, Callaghan, NSW, Aus-
tralia. 5 Faculty of Health and Medical Sciences, School of Allied Health Science 
and Practice, The University of Adelaide, Adelaide, SA, Australia. 

Received: 8 June 2022   Accepted: 26 December 2022

References
 1. Muraki S, Akune T, Oka H, En-Yo Y, Yoshida M, Saika A, et al. Impact of knee 

and low back pain on health-related quality of life in Japanese women: 
the research on osteoarthritis against disability (ROAD). Mod Rheumatol. 
2010;20:444–51.

 2. Helmick CG, Felson DT, Lawrence RC, Gabriel S, Hirsch R, Kwoh CK, et al. 
Estimates of the prevalence of arthritis and other rheumatic conditions in 
the United States. Part I. Arthritis Rheum. 2008;58:15–25.

 3. Egloff C, Hügle T, Valderrabano V. Biomechanics and pathomechanisms of 
osteoarthritis. Swiss Med Wkly. 2012;142:w13583.

 4. Losina E, Paltiel AD, Weinstein AM, Yelin E, Hunter DJ, Chen SP, et al. 
Lifetime medical costs of knee osteoarthritis management in the 
United States: impact of extending indications for total knee arthro-
plasty. Arthritis Care Res. 2015;67:203–15.

 5. Maniadakis N, Gray A. The economic burden of back pain in the UK. 
Pain. 2000;84:95–103.

 6. Wolfe F, Hawley DJ, Peloso PM, Wilson K, Anderson J. Back pain in 
osteoarthritis of the knee. Arthritis Care Res. 1996;9:376–83.

 7. Suri P, Morgenroth DC, Kwoh CK, Bean JF, Kalichman L, Hunter DJ. Low 
back pain and other musculoskeletal pain comorbidities in individuals 
with symptomatic osteoarthritis of the knee: data from the osteoarthri-
tis initiative. Arthritis Care Res. 2010;62:1715–23.

 8. Iijima H, Suzuki Y, Aoyama T, Takahashi M. Interaction between low 
back pain and knee pain contributes to disability level in individuals 
with knee osteoarthritis: a cross-sectional study. Osteoarthr Cartil. 
2018;26:1319–25.

 9. Wang WJ, Liu F, Zhu YW, Sun MH, Qiu Y, Weng WJ. Sagittal alignment 
of the spine-pelvis-lower extremity axis in patients with severe knee 
osteoarthritis: a radiographic study. Bone Joint Res. 2016;5:198–205.

 10. Murata Y, Takahashi K, Yamagata M, Hanaoka E, Moriya H. The knee-
spine syndrome. Association between lumbar lordosis and extension 
of the knee. J Bone Joint Surg (Br). 2003;85:95–9.

 11. Oshima Y, Watanabe N, Iizawa N, Majima T, Kawata M, Takai S. Knee-
hip-spine syndrome: improvement in preoperative abnormal posture 
following total knee arthroplasty. Adv Orthop. 2019;2019:8484938.

 12. Stupar M, Côté P, French MR, Hawker GA. The association between low 
back pain and osteoarthritis of the hip and knee: a population-based 
cohort study. J Manip Physiol Ther. 2010;33:349–54.

 13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021;372:n71.

 14. Nicol AL, Adams MCB, Gordon DB, Mirza S, Dickerson D, Mackey S, et al. 
AAAPT diagnostic criteria for acute low back pain with and without 
lower extremity pain. Pain Med. 2020;21:2661–75.

https://doi.org/10.1186/s13643-022-02164-3
https://doi.org/10.1186/s13643-022-02164-3


Page 20 of 20Amarasinghe et al. Systematic Reviews           (2023) 12:28 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. Study quality assessment tools: quality assessment tool for observa-
tional cohort and cross-sectional studies. Last updated. 2021;07.

 16. van Erp JHJ, Gielis WP, Arbabi V, de Gast A, Weinans H, Arbabi S, et al. 
Unravelling the knee-hip-spine trilemma from the CHECK study. Bone 
Joint J. 2020;102-b:1261–7.

 17. Chang CB, Park KW, Kang YG, Kim TK. Coexisting lumbar spondylosis in 
patients undergoing TKA: how common and how serious? Clin Orthop 
Relat Res. 2014;472:710–7.

 18. Huang HT, Liang JM, Hung WT, Guo LY, Wu WL. Adaptive patterns of move-
ment during downward reach and pick-up movements in knee osteoar-
thritis patients with mild low back pain. J Phys Ther Sci. 2014;26:1527–30.

 19. Iwamura Y, Inasaka R, Fujimaki H, Kouno M, Aota Y. Clinical and 
radiological features of lumbar degenerative spondylolisthesis who 
complicates osteoarthritis of the knee. J Orthop Sci. 2020;25:800–4.

 20. Kohno M, Iwamura Y, Inasaka R, Akiyama G, Higashihira S, Kawai T, et al. 
Influence of comorbid knee osteoarthritis on surgical outcome and 
sagittal spinopelvic/lower-extremity alignment in elderly patients with 
degenerative lumbar spondylolisthesis undergoing transforaminal 
lumbar interbody fusion. J Neurosurg Spine. 2020;32:1–9.

 21. Staibano P, Winemaker M, Petruccelli D, de Beer J. Total joint arthro-
plasty and preoperative low back pain. J Arthroplast. 2014;29:867–71.

 22. Yasuda T, Togawa D, Hasegawa T, Yamato Y, Kobayashi S, Yoshida 
G, et al. Relationship between knee osteoarthritis and spinopelvic 
sagittal alignment in volunteers over 50 years of age. Asian Spine J. 
2020;14:495–501.

 23. Taniguchi M, Ikezoe T, Masaki M, Kamitani T, Tsuboyama T, Ito H, et al. 
Coexistence of low back pain and lumbar kyphosis and the association 
with increased functional disability in knee osteoarthritis: results from a 
population-based cohort. Arthritis Care Res. 2022;74:1667–75.

 24. Zhang S, Ye C, Lai Q, Yu X, Liu X, Nie T, et al. Double-level lumbar spon-
dylolysis and spondylolisthesis: a retrospective study. J Orthop Surg Res. 
2018;13:55.

 25. Virk SS, Niedermeier S, Yu E, Khan SN. Adjacent segment disease. Ortho-
pedics. 2014;37:547–55.

 26. Itoi E. Roentgenographic analysis of posture in spinal osteoporotics. 
Spine. 1991;(Phila Pa 1976(16):750–6.

 27. Joshi SM, Sheth MS, Jayswal MM. Correlation of core muscles endurance 
and balance in subjects with osteoarthritis knee. Int J Med Sci Public 
Health. 2019;8:347–51.

 28. Han X, Cui J, Xie K, Jiang X, He Z, Du J, et al. Association between knee 
alignment, osteoarthritis disease severity, and subchondral trabecular 
bone microarchitecture in patients with knee osteoarthritis: a cross-
sectional study. Arthritis Res Ther. 2020;22:203.

 29. Le Huec JC, Saddiki R, Franke J, Rigal J, Aunoble S. Equilibrium of the 
human body and the gravity line: the basics. Eur Spine J. 2011;20(Suppl 
5):558–63.

 30. Evcik D, Yücel A. Lumbar lordosis in acute and chronic low back pain 
patients. Rheumatol Int. 2003;23:163–5.

 31. Gautier J, Morillon P, Marcelli C. Does spinal morphology influence the 
occurrence of low back pain? A retrospective clinical, anthropometric, 
and radiological study. Revue du rhumatisme (English ed). 1999;66:29–34.

 32. Iijima H, Shimoura K, Aoyama T, Takahashi M. Low back pain as a risk fac-
tor for recurrent falls in people with knee osteoarthritis. Arthritis Care Res. 
2021;73:328–35.

 33. Hernandez D, Dimaro M, Navarro E, Dorado J, Accoce M, Salzberg S, et al. 
Efficacy of core exercises in patients with osteoarthritis of the knee: a 
randomized controlled clinical trial. J Bodyw Mov Ther. 2019;23:881–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Biomechanical and clinical relationships between lower back pain and knee osteoarthritis: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Discussion 
	Conclusions 
	Systematic review registration 

	Background
	Method
	Registration
	Aims
	Design
	Search strategy
	Identification and selection of studies
	Inclusion criteria
	Exclusion criteria

	Data analysis
	Assessment of methodological quality

	Results
	Selection and characteristics of included studies
	Association between LBP and KOA
	Biomechanical associations
	Clinical characteristics

	Pain in concurrent LBP and KOA
	Functional disability in concurrent LBP and KOA
	Quality of the included studies

	Discussion
	Conclusion
	Acknowledgements
	References


