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ABSTRACT

Background: Lumbar spondylolisthesis and knee osteoarthritis (OA) are prevalent conditions in the elderly population.
The presence of lumbar spine complaints clearly exacerbates overall symptoms and deteriorates function in knee
osteoarthritis patients undergoing total knee arthroplasty. Aim: The aim of this study was to determine the incidence and
characteristics of lumbar spondylolisthesis in patients with advanced knee osteoarthritis undergoing TKR primarily and
assess the effect of TKR on knee function and pain, low back pain, lower limb mechanical alignment, and postoperative
changes in lumbar lordosis. Patients and methods: This prospective research involved 210 patients with primary
advanced knee osteoarthritis receiving total knee replacement at Assiut University Hospital. Clinical assessment was
conducted with the Oxford Knee Score (OKS), Knee Society Score (KSS), and Oswestry Disability Index (ODI). The
radiological assessment encompassed the measurement of lumbar spondylolisthesis, lumbar lordosis, and the hip-knee-
ankle (HKA) angle both preoperatively and postoperatively. Results: Lumbar spondylolisthesis was identified in 50.5%
of individuals. No statistically significant difference was noted between men and females; however, a markedly greater
frequency was detected in individuals with elevated BMI compared to those with normal BMI. Postoperatively, there was
a statistically significant enhancement in knee pain and function, evidenced by elevated OKS and KSS scores, along with
a notable decrease in ODI values. A statistically significant enhancement in the hip—knee—ankle angle was noted post-
TKR, signifying rectification of lower limb mechanical alignment. Furthermore, lumbar lordosis exhibited a statistically
significant enhancement postoperatively. Nonetheless, no notable radiological alteration was seen in the extent of lumbar
spondylolisthesis. Conclusion: Lumbar spondylolisthesis is common in patients undergoing TKR, particularly in those
with increased BMI. TKR significantly improves knee function, spinal symptoms, lower limb alignment, and lumbar
lordosis, without altering the radiological grade of spondylolisthesis.
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INTRODUCTION

OA is a very frequent degenerative musculoskeletal illness
globally and constitutes a primary source of pain,
disability, and functional impairment among the older
population [1-3]. The worldwide prevalence of knee
osteoarthritis is escalating due to prolonged life
expectancy, obesity, and sedentary habits, rendering it a
significant public health issue [4,5]. TKR has thus
emerged as one of the most often executed orthopedic
surgeries and is esteemed as an efficacious remedy for
advanced knee osteoarthritis, offering dependable pain
alleviation, functional enhancement, and improved quality
of life [6-8].

Notwithstanding the general efficacy of TKR, as many as
20% of patients experience enduring discomfort or
discontent post-surgery [9]. There is growing focus on
extra-articular variables that may affect surgical results,
especially concurrent degenerative spinal disorders [10].
Lumbar spondylolisthesis is a prevalent degenerative
condition in older persons and often coexists with knee
osteoarthritis, often manifesting with overlapping
symptoms including lower limb discomfort, gait
impairment, and postural instability [11,12]. The similar
clinical characteristics may confound diagnosis and pose
issues in therapy priority.

Knee osteoarthritis, particularly when accompanied by
flexion deformity, prompts compensatory modifications in
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sagittal alignment, such as changes in pelvic tilt and
lumbar lordosis [13,14]. In contrast, individuals with
lumbar degenerative disease may exhibit compensatory
knee flexion to preserve overall sagittal balance, a
condition referred to as “knee—spine syndrome” [15,16].
The correction of knee deformity with total knee
replacement (TKR) may consequently affect spinopelvic
alignment and spinal symptoms, even when lumbar
disease is already present [17].

Prior research has indicated enhancement in low back pain
after to total knee replacement, especially in individuals
with mild to severe lumbar degeneration [10,18]. The
impact of TKR on radiographic spinal parameters,
particularly lumbar lordosis and the extent of lumbar
spondylolisthesis, remains contentious, with varying
results reported in the literature [19-21]. Furthermore,
information  about the prevalence of lumbar
spondylolisthesis in individuals receiving total knee
replacement is scarce.

This study seeks to ascertain the prevalence and attributes
of lumbar spondylolisthesis in patients receiving total knee
replacement for advanced knee osteoarthritis, and to assess
postoperative clinical and radiological alterations in spinal
alignment, focusing specifically on lumbar lordosis and
low back pain. An enhanced comprehension of the knee—
spine connection may facilitate the optimization of
preoperative evaluation, patient consultation, and surgical
decision-making.

PATIENTS AND METHODS:

Design and Setting: This prospective observational study
was carried out in the Arthroplasty Unit under the
Orthopedic and Traumatology Department of Assiut
University Hospital. The trial was conducted over one
year, during which consecutive patients who met the
eligibility criteria were enrolled.

Study Population: A total of 210 individuals who were
set to get primary TKR for their knee osteoarthritis were a
part of the trial. Participants needed to have advanced
primary knee osteoarthritis that was approved for TKR.
Patients were not eligible to participate if they had the
following conditions: active infection, knee osteoarthritis
(post-traumatic or inflammatory arthropathy), a history of
lumbar spinal fixation or fusion surgery, or a poor general
medical state that did not allow surgery.

Clinical Evaluation: Prior to and after surgery, every
patient was evaluated using a consistent clinical protocol.

The OKS and KSS, with their respective knee and
functional components, were used to assess knee pain and
function. In order to measure spinal functional impairment
and low back pain, the Modified ODI was used. Clinical
evaluations were conducted after surgery at prearranged
follow-up appointments, and the results from the most
recent appointment were incorporated into the overall
study.

Radiological Assessment: Two sets of standardised
weight-bearing anteroposterior and lateral radiographs
were taken to assess the knee radiologically. A full-length
standing radiograph of the lower limbs was taken to
determine the HKA angle and evaluate mechanical
alignment. Imaging studies of the spine, including lateral
flexion and extension views, lumbosacral radiographs, and
standing anteroposterior and lateral views, were part of the
assessment  process. Employing the Meyerding
categorization system, the existence, level, and degree of
lumbar spondylolisthesis were evaluated. On standing
lateral radiographs, the patient's lumbar lordosis was
assessed using conventional radiographic procedures.

Outcome Measures: The main outcome was the
occurrence and severity of lumbar spondylolisthesis in
individuals with primary advanced knee osteoarthritis
receiving total knee replacement. Secondary outcomes
encompassed postoperative alterations in knee pain and
function, spinal impairment, hip—knee—ankle angle, and
lumbar lordosis.

Ethical Considerations: The Ethics Committee of the
Faculty of Medicine at Assiut University accepted the
study procedure. The data obtained from participants is
private. The research participants were not acknowledged
in any report or publication pertaining to this study. Before
the participants' enrollment in the study, the research's
purpose, nature, and risk-benefit assessment were
elucidated to them. Informed consent has been obtained.

Statistical Analysis: The sample size was determined
using STAT CALC based on the prior research by Chang
et al. (2), using the following assumptions: a 95% two-
sided confidence level, an 80% power, and a 5% alpha
error; the computed odds ratio is 1.115. The ultimate
maximum sample size was 200.

RESULTS:

Patient Demographics:

Table (1): Distribution of demographic data in the examined group

Studied group
N=210
Age (Years) Meant SD 59.6+7.5
Sex

Male 46 (21.9%)
Female 164 (78.1%)

Side

Right 104 (49.5%)

Left 106 (50.5%)
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Co-morbidities
Hypertension 87 (41.4%)
Diabetes Mellitus 51 (24.3%)
Ischemic Heart Disease 12 (5.7%)
Rheumatoid Arthritis 9 (4.3%)
Hypothyroidism 3 (1.4%)
Gout Arthritis 1 (0.48%)
Hypothyroidism 3 (1.4%)
Bronchial Asthma 3 (1.4%)
COPD 1 (0.48%)
Hyperlipidemia 1 (0.48%)
Parkinsonism 1 (0.48%)
Uterine Cancer 2 (0.95%)
HCV (Hepeatitis C) 3 (1.4%)
Uterine Cancer 2 (0.95%)
Thyroid Cancer 1 (0.48%)
Severe Osteoporosis 1 (0.48%)
Autoimmune disease like SLE 3 (1.4%)
Previous operations
Left Total Knee Replacement (Lt 8 (3.8%)
TKR)
Right Total Knee Replacement (Rt 8 (3.8%)
TKR)
Right Total Hip Replacement (Rt 2 (0.95%)
THR)
Bilateral THR (Total Hip 1 (0.48%)
Replacement)

Right High Tibial Osteotomy 9 (4.3%)
Left High Tibial Osteotomy 6 (2.9%)
Bilateral HTO (High Tibial 1 (0.48%)

Osteotomy)
Rt ACL Reconstruction 1 (0.48%)
Lt unicompartmental knee 2 (0.95%)
replacement
Hysterectomy 2 (0.95%)
Thyroidectomy 1 (0.48%)
Lt trochanteric fracture femur fixed 1 (0.48%)
by DHS
BMI
Normal 46 (21.9%)
Increased BMI 164 (78.1%)

SD: Standard Deviation, COPD: Chronic Obstructive
Pulmonary Disease

Table (1) A total of 210 participants participated in the
trial. The average age was 59.6 + 7.5 years. Females
comprised 78.1% of the group, and men represented
21.9%. The distribution of right and left knees was almost
identical, with 49.5% on the right and 50.5% on the left.
Hypertension (HTN) is the predominant co-morbidity,

impacting 41.4% of patients, followed by diabetes mellitus
(DM) at 24.3%, and ischemic heart disease, which affects
5.7% of patients. Seventy-eight point one percent of
patients had an elevated body mass index (BMI), whereas
twenty-one point nine percent maintained a normal BMI.

Incidence and Characteristics of Lumbar

Spondylolisthesis:

Table (2): Primary outcome between cases had normal BMI and Increased BMI patients in the studied group

Studied group
N=210 P value
Normal BMI Increased BMI
N=46 N=164
Hip Knee Ankle Angle
Median (min-max) 7.89+4.47 12.494+5.32 0.001*
Presence of Spondylolisthesis
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33 (28.2%) | 72 (78.3%) | 0.001*
Level of Spondylolisthesis
L3-4 7 (21.2%) 4 (5.5%)
L4-5 13 (39.4%) 46 (63%)
L2-3 3(9.1%) 4 (5.5%) 0.06
L5-S1 10 (30.3%) 18 (24.7%)
L3-4&L5-S1 0 (0%) 1 (1.4%)
Degree of Spondylolisthesis
Grade 0 84 (71.8%) 20 (21.5%)
Grade 1 30 (25.6%) 48 (51.6%)
Grade 2 3 (6.2%) 23 (24.7%) 0.001*
Grade 3 0 (0%) 1 (1.1%)
Grade 1&2 0 (0%) 1 (1.1%)

P wvalue >0.05: Not significant, P value <0.05 is

identified in 36.7% of patients and Grade II in 12.9%.

statistically significant, p<0.001 is highly significant, SD:
standard deviation.

Table (2) Indicates that Iumbar spondylolisthesis was
diagnosed in 106 individuals (50.5%). The level most
impacted was L4-L5 (28.1%), succeeded by L5-S1
(13.3%), L3-L4 (5.2%), and L2-L3 (3.3%). The majority
of cases had modest grades, with Grade I spondylolisthesis

Grade III spondylolisthesis was infrequent (0.5%).The
prevalence of lumbar spondylolisthesis shown no
significant difference between males and females. A
markedly elevated incidence was noted in patients with
elevated BMI in comparison to those with normal BMI (p
<0.05).

Clinical Outcomes:

Table (3): Clinical outcome between Pre-operative and post-operative follow up in the studied group.
Studied group P value
Pre-operative Post-operative
N=21 N=21

Oxford knee score

Median (min-max) 23 (11-37) 41 (36 - 48) <0.001*
Knee society score (knee score) 40 (10 - 70)

Median (min-max) 84 (72-96) <0.001*
Knee society score (functional).

Median (min-max) 50 (15-170) 90 (75-100) <0.001*
Spine Oswestry disability index.

Median (min-max) 18 (6-52) 4 (0-18) <0.001*

Table (3) The postoperative assessment revealed a
statistically significant difference between preoperative
and postoperative follow-ups concerning the Oxford Knee
Score (OKS) and the Knee Society Score (KSS), both in
terms of knee score and function, which exhibited
substantial increases relative to preoperative values (p <

0.001), indicating an enhancement in knee pain and
functionality. The ODI demonstrated a substantial
postoperative decrease, signifying enhancement in low
back pain and spinal functional impairment (p < 0.001).

Radiological Outcomes:

Table (4): Radiological outcome between pre- and post-operative in the studied grou

Studied group
P value
pre-operative | post-operative
N=21 N=21
Hip Knee Ankle Angle
Median (min-max) 10.5 (1 -31) 3 (0-14) <0.001*
Presence of Spondylolisthesis
8 (38.1%) 8 (38.1%) 1.000
Level of Spondylolisthesis |
L3-4 2 (9.5%) 2 (9.5%)
L4-5 5 (23.8%) 5(23.8%)
L2-3 - - 1.000
L5-S1 1 (2%) 1 (2%)
L3-4&L5-S1 - -
Degree of Spondylolisthesis |
grade 1 8 (38.1%) 8 (38.1%)
grade 2 - -
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grade 3

1.000

grade 1&2

Table (4) indicates a statistically significant enhancement
in lower limb mechanical alignment post-TKR, as shown
by a notable decrease in the hip—knee—ankle (HKA) angle
(p < 0.001). Statistically insignificant variance was
observed between pre- and post-operative follow-up

concerning the radiological presence, level, and degree of
spondylolisthesis, which remained unchanged in the
preoperative period.

Change in lumbar lordosis before and after TKR:

Table (5): Comparison of Lumbar Lordosis values Preoperatively and Six Months Postoperatively After Total Knee

Replacement.
Studied group
pre-operative | post-operative P value
N=21 N=21
Lumbar Lordosis values
Mean + SD 584+59 40.6+4.4 <0.001*
Range 49.0-70.0 32.0-47.0

Table (5) showed a significant decrease in lumbar lordosis
values six months after TKR compared to preoperative
measurements. The mean lumbar lordosis decreased from

58.4° + 5.9° preoperatively to 40.6° + 4.4° postoperatively,
with a P value of under 0.001, indicating that this change
was statistically significant.

Table (6): Comparison of Preoperative and Postoperative Lumbar Lordosis Values in Patients with and Without

Spondylolisthesis Undergoing Total Knee Replacement

Studied group P value
With Without
Spondylolisthesis Spondylolisthesis
N=11 N=10
Pre-operative Lumbar Lordosis 56.7+4.7 60.3 +£6.8 0.171
values 49.0 - 64.0 52.0-70.0
Mean + SD
Range
Post-operative Lumbar Lordosis 39.7+4.9 41.5+38 0.362
values 32.0-47.0 34.0 - 46.0
Mean + SD
Range
P value <0.001* <0.001*

Table (6) showed there was an insignificant variance in
preoperative or postoperative lumbar lordosis values
between patients with and without spondylolisthesis (P
equals 0.171 and P equals 0.362, correspondingly).
Nevertheless, both groups showed a statistically
significant reduction in lumbar lordosis after total knee
replacement surgery (P < 0.001).

Age related findings:
The incidence and severity of lumbar spondylolisthesis
increased significantly with advancing age (p < 0.001).

Pre operative
LLA:64

Older age groups demonstrated higher grades and more
proximal levels of spondylolisthesis, as well as greater
preoperative hip—knee—ankle angles.

Case Presentation:

Case number (1): Male patient, 57 years old, Asthmatic
on medical treatment, Bilateral knee Osteoarthritis more
on Left side, Lt TKR was done, Pre-operative LLA: 64,
post-operative LLA: 41.

Post operative
LLA : 41

Patient number (1) has no Spondylolisthesis
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Case number (2): Female patient, 58 years old, medically
free, Bilateral knee Osteoarthritis more on Right side, Rt

Pre operative
LLA : 52

TKR was done, Pre-operative LLA: 52, post-operative
LLA: 43.

Post operative
LLA :43

Patient number (2) has Spondylolisthesis, Level: L4-5, Grade 1.

DISCUSSION

The current investigation revealed a significant prevalence
of lumbar spondylolisthesis in patients following total
knee replacement for primary advanced knee
osteoarthritis, with over half of the examined cohort
(50.5%) displaying radiological signs of Iumbar
spondylolisthesis. This discovery corresponds with other
studies suggesting that degenerative lumbar spine
problems often occur with knee osteoarthritis in older
adults [10-12]. Our cohort's prevalence of low-grade
(Grade I and II) spondylolisthesis aligns with
epidemiological research indicating that degenerative
spondylolisthesis predominantly impacts the L4-L5 level
and is often mild to moderate in severity [22,23].

The current study revealed a notable correlation between
increasing age and both the occurrence and severity of
lumbar spondylolisthesis, with the mean age of the
participants being 59.6 + 7.5 years. This conclusion
corroborates previous research that recognized aging as a
significant risk factor for increasing spinal degeneration
and sagittal imbalance [24,25]. The increased incidence
seen in older age demographics further corroborates the
degenerative characteristics of lumbar spondylolisthesis.

The study revealed that the distribution between the right
and left sides was about equal, with 49.5% on the right and
50.5% on the left. Concerning co-morbidities,
hypertension (HTN) was the most prevalent, affecting
41.4% of patients, followed by DM at 24.3%, and
ischemic heart disease at 5.7%. These findings align with a
prior study that sought to evaluate the impact of
concurrent back pain on the OKS, Short-Form (SF)-12,
and patient satisfaction following total knee replacement
(TKR), which indicated that HTN was the predominant
co-morbidity affecting 997 (41.7%) of patients. The
average age of the study group was 70.4 £+ 9.4 years, with
1375 females constituting 57.5% of the population. [26].

Our clinical data indicated substantial postoperative
enhancement in knee-related outcomes, as reflected by
notable increases in OKS and KSS. These findings align
with the proven efficacy of total knee replacement in
alleviating pain and improving functionality in patients
with advanced knee osteoarthritis [6—8]. A significant
decrease in ODI scores was reported postoperatively,
signifying an enhancement in low back pain and spinal-
related impairment. Previous investigations have
documented analogous enhancements in lumbar symptoms
post-TKR, especially among patients with mild to severe
lumbar degeneration [10,18].

Notwithstanding the enhancement in clinical spinal
symptoms, our radiological assessment indicated no
substantial alteration in the existence or severity of lumbar
spondylolisthesis post-TKR. This study corroborates
current data indicating that although TKR may alleviate
spinal symptoms, it does not rectify structural
degenerative alterations or vertebral instability [19,20].
Consequently, symptomatic improvement is probably due
to biomechanical and postural adjustments rather than
radiographic treatment of spondylolisthesis.

The current investigation revealed a substantial
postoperative reduction in lumbar lordosis, a result of
clinical significance. Prior biomechanical research has
demonstrated that knee flexion deformity in knee
osteoarthritis correlates with compensatory lumbar
hyperlordosis to sustain an upright posture [13—16]. Post-
TKR, rectifying knee alignment and reinstating the lower
limb mechanical axis may diminish the necessity for
excessive lumbar compensation, resulting in a decrease in
lumbar lordosis. This discovery aligns with the principle
of reciprocal alterations between knee alignment and
spinal curvature as delineated in the knee—spine syndrome
[15,16].

Our results corroborate the findings of Tsuji et al. and
Takemitsu et al., who shown that rectification of knee
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pathology might affect spinal alignment, even amongst
degenerative lumbar illness [15,16]. The enduring
presence of radiographic spondylolisthesis, despite
alterations in lumbar lordosis, underscores that total knee
replacement should not be anticipated to rectify
established spinal disease.

These findings underscore the necessity of preoperative
diagnosis of lumbar spondylolisthesis and patient
education about anticipated consequences. Patients
exhibiting significant lumbar degeneration or pronounced
radicular symptoms may necessitate spine-focused
intervention prior to or concurrently with total knee
replacement, as shown by past researchers [10,21].
Conversely, individuals with primary knee pathology and
mild to moderate lumbar degeneration may achieve
significant relief in both knee and back problems after
undergoing TKR alone.

CONCLUSION

This study illustrates that lumbar spondylolisthesis is
widespread in patients receiving total knee replacement for
elderly population. The majority of the cases were low-
grade degenerative spondylolisthesis, mostly affecting the
L4-L5 level, with a notable increase in frequency
correlating with advancing age. severe osteoarthritis,
highlighting the common coexistence of degenerative knee
and lumbar spine conditions in the

TKR led to considerable enhancement in knee pain and
functionality, evidenced by notable postoperative
advancements in validated knee outcome metrics. A
concurrent enhancement in low back pain and spinal-
related impairment was noted, underscoring the clinical
interrelationship between the knee and lumbar spine.
These findings endorse the notion that effective
rectification of knee pathology might beneficially affect
spinal symptoms, even within pre-existing degenerative
lumbar illness.
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