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OBJECTIVE Lumbar spinal canal stenosis (LSS) and knee osteoarthritis (KOA), both of which are age-related degen-
erative diseases, are independently correlated with increased pain and dysfunction of the lower extremities. However,
there have been few studies that investigated whether LSS patients with KOA exhibit poor clinical recovery following
lumbar spinal surgery. The aim of this study was to elucidate the surgical outcomes of lumbar spinal surgery for LSS
patients with KOA using multiple health-related quality of life (HRQOL) parameters.

METHODS A total of 865 consecutive patients who underwent posterior lumbar spinal surgery for LSS were retrospec-
tively reviewed. Baseline characteristics, radiographic parameters, perioperative factors, and multiple HRQOL param-
eters were analyzed preoperatively and at 1-year follow-up. HRQOL items included the Zurich Claudication Question-
naire, Oswestry Disability Index, Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36), and Japanese
Orthopaedic Association Back Pain Evaluation Questionnaire (JOABPEQ). The effectiveness of surgical treatment was
assessed using the JOABPEQ. The treatment was regarded as effective when it resulted in an increase in postopera-
tive JOABPEQ score by = 20 points compared with preoperative score or achievement of a postoperative score of = 90
points in those with a preoperative score of < 90 points.

RESULTS A total of 32 LSS patients with KOA were identified, and 128 age- and sex-matched LSS patients without
KOA were selected as controls. In both groups, all HRQOL parameters markedly improved at the 1-year follow-up. On
the SF-36, the postoperative mean score for the role physical domain was significantly lower in the KOA group than in
the control group (p = 0.034). The treatment was significantly less “effective” in the social life domain of JOABPEQ in the
KOA group than in the control group (p < 0.001).

CONCLUSIONS The surgical outcomes of LSS patients with KOA are favorable, although poorer than those of LSS
patients without KOA, particularly in terms of social life and activities. These results indicate that LSS patients with KOA
experience difficulty in routine work or ordinary activities due to knee pain or restricted knee ROM even after lumbar
spinal surgery. Hence, preoperative KOA status warrants consideration when planning lumbar spinal surgery and esti-
mating surgical outcomes of LSS.
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musculoskeletal disorder, manifests by the narrow-
ing of the lumbar spinal canal, which compresses
the cauda equina and nerve root. Patients with LSS of-
ten exhibit neurological symptoms of the lower extremi-
ties, including leg pain, numbness, motor deficit, sensory
disturbance, and intermittent claudication. Age-related
degenerative changes of the lumbar spine, including inter-
vertebral disc degeneration, facet joint osteoarthritis, and
hypertrophy of the ligamentum flavum, are the primary
etiologies of LSS. In patients with LSS resistant to conser-
vative therapy, lumbar spinal surgery commonly attains
favorable outcomes.!*2
Knee osteoarthritis (KOA) is a degenerative joint con-
dition® that limits mobility due to knee pain and limited
knee range of motion (ROM). Because LSS and KOA are
age-related degenerative changes, many elderly patients
develop both pathologies concurrently.”® In addition, LSS
and KOA are independently correlated with increased
pain and dysfunction of the lower extremities;'® therefore,
LSS patients with KOA may exhibit poor clinical recov-
ery following lumbar spinal surgery. Ho Lee et al. inves-
tigated surgical outcomes of LSS patients with or with-
out KOA using the Oswestry Disability Index (ODI) and
demonstrated that the presence of preoperative KOA was
a poor prognostic factor for surgical outcomes of LSS.!"
However, because they assessed surgical outcomes us-
ing a single self-reported health-related quality of life
(HRQOL) questionnaire, no definitive conclusions could
be drawn. Therefore, by using multiple HRQOL param-
eters, this study aimed to investigate how the KOA condi-
tion affects the surgical outcome of lumbar spinal surgery
for LSS patients.

Methods

Study Participants
A total of 865 consecutive patients who underwent
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posterior lumbar spinal surgery for LSS from July 2015
to September 2017 were retrospectively reviewed. All
patients were followed up for more than 1 year at Keiyu
Orthopedic Hospital. For each patient, clinical data were
collected using patient charts and operative records based
on the institution’s ethical guidelines. The subjects were
notified of the study, and data of patients who declined to
participate were excluded from the analysis.

Surgery was recommended for patients displaying clear
symptoms of LSS, including leg pain and neurogenic clau-
dication, and who were resistant to conservative therapy.
The LSS diagnosis was validated using MRI or myelog-
raphy. Figure 1 presents the flowchart of this case-control
study. Cases with failed back surgery syndrome (n = 124),
those with fusion segments = 4 in lumbar surgery (n = 11),
those with a history of orthopedic surgery at other sites that
included total knee replacement (TKR; n = 58), those with
major postoperative complications such as spinal epidural
hematoma and vertebral compression fracture (n = 12), and
those with a medical history of hip osteoarthritis were ex-
cluded (n = 19). Following the initial identification of KOA
based on medical history, cases with radiographic KOA of
Kellgren-Lawrence grade = 2 (n = 32) were included in this
study. Cases who had undergone TKR within 1 year after
lumbar surgery were excluded (n = 4). For each LSS patient
with KOA, 4 age- and sex-matched controls were selected
from a group of LSS patients without a history of KOA (n
= 557). Finally, 32 patients with KOA (KOA group) and
128 controls (control group) were enrolled. To validate this
matching analysis, we divided the total of 641 patients into
80 KOA patients without TKR and 557 non-KOA patients
according to only medical history, and performed the com-
parative analysis between the two groups.

Data Collection

Complete preoperative and 1-year follow-up data on
the visual analog scale (VAS), Zurich Claudication Ques-
tionnaire (ZCQ), ODI, Medical Outcomes Study 36-Item

Failed back syndrome N=124
Fused segments 24 N=11

Past history of other orthopaedic surgery at other sites N=58
Postoperative major complication N=12
Medical history of hip OA N=18

l Medical history

Knee OA
N=84

Post-total knee replacement ‘—i
N=4

l

N=557

l

N=80 4 age- and sex-matched

Radicgraphy
KL grade 2 2
N=32

controls
N=z128

FIG. 1. Flowchart of study participant selection. KL = Kellgren-Lawrence; OA = osteoarthritis.

J Neurosurg Spine Volume 32 « May 2020 71

Unauthenticated | Downloaded 03/08/22 09:20 PM UTC



Ozaki et al.

Short-Form Health Survey (SF-36), and Japanese Ortho-
paedic Association Back Pain Evaluation Questionnaire
(JOABPEQ) were available for all patients. In addition, the
following data were collected for each patient: age; sex;
BMI; perioperative factors; smoking habit; and medical
history, including diabetes mellitus (DM), hypertension
(HTN), hyperlipidemia (HL), heart disease, and cancer.

Therapeutic Effect of Lumbar Surgery

The therapeutic effect of lumbar spinal surgery was
evaluated using the JOABPEQ. To ascertain the therapeutic
effect of lumbar spinal surgery in patients in terms of each
domain of the JOABPEQ, the following were assessed: 1)
increase in postoperative score by = 20 points compared
with preoperative score, or 2) postoperative score reaching
> 90 points with preoperative score of < 90 points; when
either of these conditions was satisfied, the treatment was
judged “effective.”® The definition of “effective” has been
validated by multiple investigations of the JOABPEQ.*-#

Radiographic Parameters

The following radiographic data were recorded from
standing full-length radiographs of the spine: anterior per-
centage slip, sagittal vertical axis (SVA), thoracic kyphosis
(TK), lumbar lordosis (LL), sacral slope (SS), pelvic tilt
(PT), and pelvic incidence (PI). In addition, the spinopelvic
alignment was analyzed based on PI-LL, SVA, TK, LL, PI,
and PT, as previously described.?’ Spondylolisthesis was
defined as = 10% anterior slippage of the upper vertebra.

MRI

Intervertebral disc degeneration was assessed from
L1-2 to L5-S1 using the sagittal images of lumbar MRI.
Intervertebral disc degeneration was graded using Schnei-
derman’s classification,'” and the degenerative disc disease
(DDD) score was evaluated based on the summation of
Schneiderman’s score for each lumbar level, as described
previously.?

CT

Facet joint osteoarthritis was assessed from L3-4 to
L5-S1 using the axial images of lumbar spine CT. Facet
joint osteoarthritis was graded, as described previously:
grade 0 = normal facet joint, grade 1 = joint space narrow-
ing, grade 2 = sclerosis, and grade 3 = osteophytes.!?

Statistical Analysis

Data were presented as means + standard deviations.
Differences between the KOA and control groups were
evaluated using Pearson’s chi-square test, Student t-test,
Mann-Whitney U-test, and Wilcoxon signed-rank test. A
p value < 0.05 was considered statistically significant. All
statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS version 21.0, IBM
Corp.).

Results

Characteristics of LSS Patients With KOA
The baseline characteristics of the study cohort were
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TABLE 1. Baseline characteristics

KOA Group Control Group  p

Variable (n=32) (n=128)  Value*

Mean age + SD 691+83 688+83 0.891
Sex

Males:females 7:25 27:101 0.923

% male 21.9 2141
Mean BMI £ SD, kg/m? 252+38 242+33 0135
Medical history, n (%)

DM 5 (15.6) 20 (15.6) 0.959

HTN 10 (31.3) 53 (41.4) 0.293

HL 2(6.3) 6 (4.7) 0.717

Heart disease 2(6.3) 2(1.6) 0.256

Cancer 0(0.0) 1(0.8) 0.616

Smoking 4(12.5) 11 (8.6) 0.498
Kellgren-Lawrence grade, n (%)

2 22 (68.8)

3 8 (25.0)

4 2(6.3)

* Mann-Whitney U-test or chi-square test.

similar between the two groups, including mean age; sex
ratio; mean BMI; prevalence of DM, HTN, HL, heart dis-
ease, and cancer; and smoking habit (Table 1). In the KOA
group, the proportion of patients with KOA of Kellgren-
Lawrence grades 2, 3, and 4 was 68.8% (n = 22),25.0% (n
= 8), and 6.3% (n = 2), respectively (Table 1). Regarding
preoperative radiographic parameters, PT was significant-
ly higher in the KOA group than that in the control group
(27.3° £ 8.6° vs 24.1° £ 9.2°, p = 0.046; Table 2). Other sag-
ittal radiographic parameters exhibited no significant dif-
ference between the two groups. Regarding perioperative
factors, no significant differences were noted in the num-
ber of decompression levels, percentage of fusion surgery,
operative durations, and amount of blood loss between
the two groups (Table 3). In addition, the DDD score was

TABLE 2. Comparison of preoperative radiographic parameters
between the KOA and control groups

Preop Radiographic KOA Group Control Group p
Parameter (n=32) (n=128) Value*
Forward slip (>10%) 16 (50.0%) 71 (55.5%) 0.609
SVA (mm) 58.3 £50.1 49.6 +£50.1 0.368
TK(°) 276+13.0 247+106  0.218
LL () -34.7 £ 161 -36.4+17.0 0.615
PT (°) 27.3+8.6 241+£9.2 0.046
SS(°) 261+94 280+109  0.370
Pl (°) 534+ 114 52.0+12.7 0.581
PI-LL (°) 18.4+15.0 15.2 £ 151 0.244

Data are given as mean =+ standard deviation unless otherwise noted. Boldface
type indicates statistical significance.
* Mann-Whitney U-test, t-test, or chi-square test.

Unauthenticated | Downloaded 03/08/22 09:20 PM UTC



TABLE 3. Comparison of perioperative factors between the KOA
and control groups

KOA Group  Control Group p

Periop Factor (n=32) (n=128) Value*
Mean no. of decompression 1.6 + 0.6 1.51£0.6 0.882
levels £ SD
No. w/ fusion (%) 17 (531%) 84 (65.6%)  0.189
Mean operative duraton+ ~ 70.7+344  77.8+409  0.539
SD, min
Mean blood loss + SD, ml 431+59.5 487+826 0.971

* Mann-Whitney U-test or chi-square test.

significantly higher in the KOA group than in the control
group (12.7 £ 2.2 vs 9.7 = 3.3, p < 0.001; Supplementary
Table 1). Facet joint osteoarthritis was also significantly
more progressive in the KOA group than in the control
group at the L.3—4, L4-5, and L5-S1 levels (Supplemen-
tary Table 1).

Surgical Outcomes of LSS Patients With KOA Using
Multiple HRQOL Parameters

Table 4 presents the pre- and postoperative parameters
of HRQOL variables in both groups. All postoperative
HRQOL parameters at 1-year follow-up were significantly
improved compared with preoperative parameters in the
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two groups (Table 4). Pre- and postoperative ODI scores
were similar between the two groups. While there was no
significant difference in all preoperative VAS scores, post-
operative VAS scores for buttock and lower limbs were
significantly higher in the KOA group than those in the
control group (3.8 £3.3 vs 2.4 £ 2.8, p=0.007). Regarding
the symptom severity of the ZCQ, the preoperative mean
score was significantly higher in the KOA group than in
the control group (3.6 £ 0.5 vs 3.3 £ 0.7, p = 0.025). How-
ever, the postoperative score exhibited no significant dif-
ference (2.6 £ 0.9 vs 2.3 + 0.8, p = 0.113; Table 4). The
postoperative score of the satisfaction domain on the ZCQ
was worse in the KOA group than in the control group,
although the difference was not significant. Assessment
of preoperative SF-36 scores revealed that the bodily pain
score was significantly lower in the KOA group than that
in the control group (49.0 = 17.5 vs 58.4 +22.9, p = 0.038;
Table 4). In addition, postoperative SF-36 scores for physi-
cal functioning (59.7 + 25.7 vs 69.9 +23.9, p = 0.035), role
physical (61.1 £ 28.0 vs 72.7 + 24.1, p = 0.034), and vital-
ity 49.0 = 20.5 vs 569 + 16.3, p = 0.048) were signifi-
cantly lower in the KOA group than in the control group.
The frequency of “effective” in the pain disorder domain
(63.3% vs 80.6%, p = 0.048) and social life domain (22.6%
vs 62.2%, p < 0.001) of the JOABPEQ was significantly
lower in the KOA group than in the control group (Table
5). Finally, to validate the results of this matching analysis,
we compared the baseline characteristics and the HRQOL
parameters between 80 KOA patients without TKR and

TABLE 4. Comparison of pre- and postoperative variables of HRQOL between the KOA and control groups

Preop Postop Preop vs Postopt
KOA Control KOA Control KOA Control
Variable Group Group p Value* Group Group p Value* Group Group
VAS domain
Low-back pain 56+29 5527 0.832 3.5+3.1 2424 0.058 <0.001  <0.001
Pain in buttocks & lower limbs 71+£26 64+27 0.146 38+33 24+28 0.007 <0.001  <0.001
Numbness in buttocks & lower limbs 6.5+3.2 64+29 0.564 26+3.6 25+3.0 0.489 <0.001  <0.001
ZCQ domain
Symptom severity 36+05 3307 0.025 26+0.9 23+0.8 0.113 <0.001  <0.001
Physical functioning 27+05 2606 0.595 1.8+0.6 1.7+0.6 0.167 <0.001  <0.001
Satisfaction 2007 19+0.7 0.158
ODI 447+123 402+153 0122 228+142 19.3+141 0.132 <0.001  <0.001
SF-36 domain
Physical functioning 388+16.7 411+196  0.649 59.7+257 699+239  0.035 <0.001  <0.001
Role physical 372+214 445+264  0.095 611+28.0 7274241 0.034 <0.001  <0.001
Bodily pain 490+175 584+229  0.038 793+213 851%16.7 0.206 <0.001  <0.001
General health 36.2+16.8 38.6+152 0426 543+232 598+16.6  0.212 <0.001  <0.001
Vitality 394+184 402+185  0.940 490+205 56.9+16.3  0.048 0.002  <0.001
Social functioning 587+315 63.0+260 0.602 743+275 813+249 0143 0.004  <0.001
Role emotional 483+28.0 509+295  0.451 774+512 76.2+258  0.627 0.003  <0.001
Mental health 528+21.0 525+21.0 0.763 65.2+245 705+188  0.406 <0.001  <0.001

VAS scores: 0 = comfortable condition without any pain at all, 10 = the most intense pain (numbness) imaginable. Boldface type indicates statistical significance.
* Mann-Whitney U-test or t-test.
1 t-test or Wilcoxon signed-rank test.
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TABLE 5. Comparison of effectiveness of surgical treatment on the JOABPEQ between the KOA and control groups
KOA Group (n = 32) Control Group (n = 128)

JOABPEQ Domain Effective  Non-Effective  Effective/Total ~ Effective  Non-Effective  Effective/Total p Value*
Pain disorder 19 1" 63.3% 87 21 80.6% 0.048
Lumbar function 14 16 46.7% 61 44 58.1% 0.267
Walking ability 21 " 65.6% 99 25 79.8% 0.089
Social life 7 24 22.6% 79 48 62.2% <0.001
Psychological disorder 8 24 25.0% 49 78 38.6% 0.152

Boldface type indicates statistical significance.
* Chi-square test.

557 non-KOA patients according to only medical his-
tory. Although there was a significant difference in age
between the two groups (Supplementary Table 2), the ad-
ditional analysis revealed that the frequency of “effective”
was markedly lower in the KOA group than in the control
group, especially in the domains of pain disorder, walking
ability, and social life on the JOABPEQ (Supplementary
Table 3).

Discussion

The present study showed that all HRQOL parameters
of LSS patients with KOA were markedly improved post-
operatively, suggesting that lumbar spinal surgery offered
adequate symptom relief to these patients. However, com-
pared with LSS patients without KOA, those with KOA
experienced difficulty in routine work or ordinary activi-
ties even after lumbar spinal surgery.

Consistent with our results, Ho et al. reported that the
presence of preoperative KOA was a poor prognostic fac-
tor for 1-year surgical outcomes of LSS."" However, be-
cause the past study used a single HRQOL parameter,
the details of poor prognosis have remained unclear. In
the present study, multiple HRQOL analysis revealed that
the postoperative outcomes of the VAS for buttocks and
lower limbs and SF-36 domains of physical functioning,
role physical, and vitality were significantly worse in LSS
patients with KOA than in LSS patients without KOA. In
addition, LSS patients with KOA manifested significantly
lower pain disorder and social life functions, as assessed
by the JOABPEQ), than those without KOA. These results
suggest that the KOA condition may exert an adverse ef-
fect on the surgical outcome of lumbar spinal surgery in
LSS patients. The residual knee pain in LSS patients with
KOA may be explained by a significant difference in post-
operative VAS scores for buttocks and lower limbs. Addi-
tionally, a low score for physical functioning on the SF-36
indicates the limited ability of LSS patients with KOA to
climb up and down stairs and walk on flat land. The role
physical domain on the SF-36 and social life domain on
the JOABPEQ include common contents of work or ac-
tivities in the questions. The actual questions of the role
physical domain on the SF-36 are “Cut down the amount
of time you spent on work or other activities?” and “Were
limited in the kind of work or other activities?’”; further-
more, those of the social life domain on the JOABPEQ
are “Have you been unable to do your work or ordinary
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activities as well as you would like?” and “Has your work
routine been hindered because of the pain?”® We believe
that the consistency of low scores for these two different
HRQOL parameters in LSS patients with KOA strongly
suggests that these patients experience difficulty in routine
work or ordinary activities due to knee pain or restricted
knee ROM, even after lumbar spinal surgery. Hence, when
obtaining the consent for lumbar spinal surgery, LSS pa-
tients with KOA should be informed that the surgical out-
come is favorable but poorer than that for those without
KOA, particularly in terms of walking on steps and flat
land, and with social activities, including routine work and
ordinary activities.

To date, several studies have reported the correlation
between hip osteoarthritis and spinal degenerative dis-
ease.*214 To elucidate the precise impact of KOA on sur-
gical outcomes of lumbar spinal surgery for LSS patients,
19 patients with hip osteoarthritis (which is arthritis of the
lower extremity, as with KOA) were excluded from our
investigation. Interestingly, of the 19 cases with hip osteo-
arthritis, 11 (§7.9%) were complicated by KOA. Previous
studies have already demonstrated the occurrence of os-
teoarthritis at multiple sites in an individual."'®!8 In the
present study, both lumbar intervertebral disc degenera-
tion and facet joint osteoarthritis were significantly more
progressive in LSS patients with KOA than in those with-
out KOA. These observations suggest that patients with
single-site osteoarthritis should be judiciously monitored
for the development of systemic musculoskeletal degen-
eration.

This study has several limitations. First, our data
were retrospectively collected from a limited number of
patients. Second, the follow-up period in this study was
comparatively short. Third, our patients with KOA were
diagnosed by referring to their medical history and vali-
dated based on knee radiographs. Thus, a selection bias
existed in this study because we did not examine the knee
radiographs of patients without KOA. Furthermore, be-
cause we did not investigate physical findings of the knee
joint, knee-specific HRQOL parameters, and diagnostic
knee injections, we could not determine that the postoper-
ative residual symptoms of LSS patients with KOA were
derived from the knee joint. Nevertheless, this study dem-
onstrated that KOA attenuated the efficacy of lumbar spi-
nal surgery in LSS patients, as assessed based on multiple
HRQOL parameters.

Unauthenticated | Downloaded 03/08/22 09:20 PM UTC


https://thejns.org/doi/suppl/10.3171/2019.10.SPINE19886
https://thejns.org/doi/suppl/10.3171/2019.10.SPINE19886
https://thejns.org/doi/suppl/10.3171/2019.10.SPINE19886

Conclusions

LSS patients with KOA exhibited a markedly improved
surgical outcome at 1-year follow-up. However, they mani-
fested poorer postoperative outcome, particularly in terms
of social life and activities, than did patients without KOA.
These results indicate that preoperative KOA status should
be considered when planning treatment for LSS patients
and estimating the efficacy of lumbar spinal surgery.
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