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Abstract — Introduction: Total hip and knee arthroplasty (THA/TKA) are surgical procedures with proven benefits.
Although the literature reports outcomes of fusion of the lumbar spine comparable to those of THA/TKA in general
health-related quality-of-life (HRQoL) questionnaires, functional assessment is nevertheless needed for these results to
be of use in clinical practice and management. Aim of our study was to prove that lumbar spinal fusion has similar if
not better outcomes than THA/TKA using intervention-specific HRQoL questionnaires and functional assessment
questionnaires.

Materials and methods: Observational, ambispective, multicentre study of three cohorts undergoing lumbar spinal
fusion (n = 115), THA (n = 119) and TKA (n = 253). Patients were evaluated using the Short-Form-12 (SF-12),
Harris—Hip-Score, Hospital for Special Surgery Scale (HSS) and Oswestry Low Back Pain Disability questionnaires.
A minimum follow-up of two years was conducted.

Results: The SF-12 showed significant improvement in all groups. The SF-12 physical component summary score
indicated a more severe pre-operative status (p = 0.031) in the THA cohort. The mental component summary score
indicated a less severe pre-operative status in the TKA cohort (p = 0.008) and greater post-operative improvement
in the TKA and THA cohorts across follow-up (six months p = 0.021; one year p = 0.012; two years p = 0.042).
Functional assessment indicated greater pre-operative disability in the THA group. At two years of follow-up,
functional improvement according to the Harris, HSS and Oswestry questionnaires were 152.01%, 50.07% and
41.14% respectively.

Conclusions: This study demonstrates that lumbar spinal fusion and total knee and hip arthroplasty are comparable in
terms of functional improvement when thoroughly studied with health, quality-of-life and functional assessment
questionnaires.
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Introduction

Due to population ageing and increased life expectancy,
there has been a progressive increase in the prevalence of
degenerative diseases [1, 2]. In developed countries some of
the principal public health problems among older adults derive
from lumbar, hip and knee pain, and are closely related to the
presence and progression of arthritis [3, 4]. In the event of
failure of conservative treatment, currently established surgical
treatment for arthritis of hip and knee implies the use of
replacement arthroplasty, while the management of degenera-
tive disc disease entails the use of fusion techniques [5].

Arthroplasty of load-bearing joints, such as the hip and
knee, is a widespread surgical treatment, and most authors agree
on the fact that its functional benefits considerably outweigh
both the risks and cost of the intervention [6—8]. Lumbar spinal
fusion (arthrodesis) is a procedure performed to relieve pain by
eliminating a pathological mobility [5]. Its indications, efficacy
and cost-effectiveness appear to be in doubt, however, and
many authors question its benefits as against those of standard
conservative treatments [5, 9-13].

The real impact of lumbar spinal fusion on degenerative
disease of the spine continues to be a source of controversy
[14, 15]. Many aspects of this treatment are challenged and,
in terms of evidence and cost-effectiveness, it is regarded as
being inferior to selective hip or knee arthroplasty [12-14].
As a result, joint replacement surgery currently enjoys wide
acceptance as a benchmark for assessing patient recovery in
terms of an improvement in quality of life [16, 17]. Lumbar
spinal fusion on the other hand, despite the substantial increase
in spinal surgery rates in recent years, has not achieved the
same degree of acceptance [18].

Many studies report unquestionably good results in terms of
assessment of fusion rates and radiographic evidence of spinal
surgery. Even so, some of these reviews report that patients’
opinions about their clinical results might not necessarily agree
with those of their surgeons [19, 20]. It is currently acknowl-
edged that, when it comes to assessing the outcome of any
given surgical technique, one should examine, not merely the
radiological and clinical outcome, but also patients’ expecta-
tions and variations in the perception of their health and func-
tional status, since the two do not always coincide [21, 22].

There are a few studies in the literature, which compare the
outcome of surgical treatment of spinal stenosis to that of hip
and knee arthroplasty [23-25]. While these studies report com-
parable results when using general health-related quality-of-life
(HRQoL) questionnaires, they nevertheless lack the necessary
intervention-specific functional disability assessment measures
that would render the results useful for clinical practice and man-
agement. The use of functional assessment instruments makes it
possible to detect the specific needs of each disease that are not
taken into account in general health measurements [23-25].

Accordingly, the aim of our study was to assess the out-
comes of patients who underwent instrumented lumbar spinal
fusion for degenerative spondyloarthropathy and compare them
to total hip and knee arthroplasty (THA/TKA), in terms of func-
tion and quality of life in the Spanish population. The study
reports sequential results pre- and post-treatment in each cohort
intervened, by assessing the changes and improvements in each
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cohort, with validated tools designed to measure general health
status and with intervention-specific tools designed to assess
patients’ functional status, and then comparing the outcomes
of the three procedures.

Patients and methodology

Study design

An observational, ambispective, multicentre, cohort follow-
up study was conducted in collaboration with hospitals in the
different regions of Spain, which represented a wide spectrum
of the country’s cultural variability. The study data were
prospectively obtained in each group of patients and analysed
retrospectively.

The study population consisted of patients drawn from
twenty representative hospitals belonging to the National
Health System (Sistema Nacional de Salud) and having differ-
ent health-care levels and volumes of clinical activity. The
respective Ethics Committees of the participating institutions
approved the study protocol. The sample design was based
on a convenience selection of health centres. Patients were
selected at the various health centres in accordance with their
respective volumes of clinical activity. We chose consecutive
patients diagnosed with degenerative diseases of the spine,
hip and knee. All patients were informed of the study’s objec-
tives and the confidentiality of any data supplied, and they gave
their consent to participate. All the patients included in the
study underwent surgical interventions. Selected patients were
assessed prior to the surgical intervention and underwent a pro-
tocoled follow-up at six months, one year and two years, with
repetition of all questionnaires.

Study subjects and data assessment

Three study groups, denominated “Hip”, “Knee” and
“Lumbar”, were established for inclusion of patients who
appeared on the scheduled surgery waiting list for total hip
arthroplasty, total knee arthroplasty and instrumented lumbar
spinal fusion respectively.

In the Hip and Knee groups, we included all patients who
had long-term symptomatic hip or knee arthritis respectively,
and had not responded to conservative treatment. Patients pre-
senting with signs or symptoms that led to a suspected origin of
pain other than primary arthritis were not included. The follow-
ing were excluded from the study: patients aged under 55 years;
patients who had undergone previous surgical interventions on
the relevant joint (except arthroscopy) or revision surgery of a
primary arthroplasty and patients with a rheumatic disease or
any other inflammatory cause of the symptoms.

Those included in the Lumbar group were patients with
diagnosis of spinal canal stenosis due to long-term degenerative
spondyloarthropathy (spinal stenosis, degenerative disc disease
or degenerative spondylolisthesis), who had not improved with
conservative treatment and were scheduled for one or two
levels of arthrodesis. Instrumented spinal fusion was indicated
by a combination of variety of clinical factors (age, physiolog-
ical status, or medical comorbidities), and anatomical findings.
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In the presence of preoperative instability (4 mm of translation
or >10° of angular motion between adjacent endplates on lateral
flexion and extension radiographs or spondylolistesis), or when
Taminectomy was accompanied by greater than 50% resection
of both facets or complete facetectomy of one side, instru-
mented fusion was indicated. Patients presenting with signs
or symptoms that led to a suspected origin of pain other than
mechanical and degenerative were not included. The following
were also excluded from the study: patients under the age of 55
years; and patients with previous lumbar surgery, rheumatic dis-
ease or some other specific diagnosis prior to the cause of their
low back pain (i.e., scoliosis, congenital spinal disorders, neo-
plastic disease, infection or trauma). Patients with initially coex-
istent or developed during follow-up hip/knee/lumbar
pathology were not included in the study.

Assessment tools

We collected data on patients’ affiliation, sex, age and
anthropometric features using a protocoled questionnaire; we
measured health status using the Short Form-12 Physical Func-
tioning (SF-12) questionnaire and its specific physical- and
mental-component summary scores; and we measured impact
on quality of life using specific instruments, such as the Harris
Hip Score (HHS) and Hospital for Special Surgery Scale (HSS)
questionnaires for assessing functional outcomes after imple-
mentation of hip and knee arthroplasties respectively, and the
Oswestry Disability Index (ODI) for assessing disability associ-
ated with low back pain.

The SF-12 questionnaire is an HRQoL measurement tool
made up of a set of 12 questions. It is a shortened, validated
version of the SF-36, and is one of the most widely used gen-
eral instruments in epidemiological and clinical research, whose
psychometric properties have been evaluated in many studies.
In addition, the SF-12 affords the advantage of furnishing speci-
fic physical-component (PCS-12) and mental-component
summary (MCS-12) scores. The scores can be standardised in
a range of 0-100, such that the higher the score, the better
the patient’s HRQoL [26].

The ODI is a functional assessment questionnaire designed
to assess disability associated with lumbar problems, i.e., to
analyse the effects of low back pain on patients’ functional
status. It is the “gold standard” of low back pain scales. It con-
tains ten sections referring to activities of daily living. The total
score is expressed as a percentage (from O to 100%), such that
the higher the value, the greater the functional limitation of the
patient [27].

The HHS is the most widely used instrument for assessing
functional outcomes after hip arthroplasty. It includes four
domains, namely, pain, function, range of motion and absence
of deformity. The score is based on information gathered from
patients’ interview and physical-examination results [28], and
ranges from O (worst possible functional capacity) to 100 (best
possible functional capacity).

The HSS is a functional assessment tool for assessing knee
arthroplasty. The score is divided into seven categories, namely,
pain, function, range of motion, muscle strength, flexion defor-
mity, instability and subtractions. The HSS score takes one
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hundred points as its assessment base, such that the higher
the score the better the outcome [29].

Statistical analysis

Socio-demographic and control variables were described
using analysis of frequency and proportions for the qualitative
variables, and numerical summaries with measurements of cen-
tral trend and dispersion for the quantitative variables. In the lat-
ter case, the Kolmogorov—Smirnov test was performed to
ascertain the fit of the quantitative variables to a normal distri-
bution. The populations of the three study groups were com-
pared, using the Chi-squared or analysis of variance
(ANOVA) test where applicable.

Overall mean pre- and post-surgery SF-12 and functional
scale scores were compared in a protocoled manner among
the different groups using ANOVA (with data drawn from
the Oswestry questionnaire being converted into proportional
inverse values for comparison with the other two functional
scales). Similarly, PCS-12 and MCS-12 scores were indepen-
dently compared. We also calculated the percentage improve-
ment (analysed value — pre-operative value/post-operative
value) in SF-12 and functional scale scores before and after
surgery.

For study purposes, a p-value of 0.05 or under was deemed
to be significant. All statistical analyses were performed using
the IBM SPSS Statistics for Windows (2013), Version 22.0.
(Armonk, NY: IBM Corp.)

Results

In August 2010 the number of patients who were diagnosed
of degenerative diseases of the spine, hip or knee and appeared
on the scheduled surgery waiting list of the involved hospitals
was 675. Thirty-nine patients declined to enter the study. One
hundred and ten patients did not complete the study question-
naires during follow-up due to patient non-compliance with
medical examinations or lack of information required for proper
completion of health questionnaires. Thirty-seven patients were
lost to follow-up, and two patients died from an underlying
medical condition unrelated to the study. Ultimately, data from
487 patients (72.14%) were analysed.

The study analysed data drawn from 119 total hip arthro-
plasties (Hip group), 253 knee arthroplasties (Knee group),
and 115 lumbar spinal fusions (Lumbar group). The Hip group
included 92 (77.31%) patients with diagnosis of osteoarthritis,
25 (21.01%) with avascular necrosis, and two with hip dys-
plasia (1.68%). In the Knee group patients with diagnosis of
arthritis were the only ones included. And lastly, in the lumbar
spinal fusion group there were included 39 (33.91%) patients
with degenerative disc disease, 60 patients (52.17%) with spinal
stenosis, and 16 patients (13.91%) with spinal instability.

The demographic and anthropometric data of the three
cohorts are shown in Table 1. Table 2 provides an analysis
of the general perception of patients’ health status across fol-
low-up, by reference to a detailed breakdown of the three
cohorts’ PCS-12 and MCS-12 scores on the SF-12 health
questionnaire. Comparison of cohorts’ PCS-12 scores for
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Table 1. Population characteristics — age, body mass index (BMI)
and sex.

Group Age BMI Sex

Lumbar 67.08 + 6.71 28.22 +4.32 61 354
Hip 66.26 + 7.30 27.79 + 3.72 Q72 347
Knee 71.95 = 6.28 30.30 £ 4.32 2190 363

Table 2. Outcome variables — SF12 — PCS12 and MCS12.

Group Preoperative Six months One year Two years

PCS12 Lumbar 33.5248 42.6614 41.7181  44.6080
Hip 30.2020 445914 43.8825  43.5217

Knee  33.6488 43.9862 443401  44.3233
p=0.032 p=0845 p=0644 p=0.933

MCS12 Lumbar 40.1949 49.3054 51.3473  53.0640
Hip 41.9455 53.5451 54.1536  58.4307

Knee  46.3444 48.3779 50.4471  50.4793
p=0008 p=0022 p=0012 p=0.043

pre-operative data indicated a more severely limited function
pre-operatively for Hip group (30.20%) than for Knee
(33.65%) and Lumbar group (33.53%) patients, with this differ-
ence among the patients of the three cohorts proving statistically
significant (p = 0.032). During follow-up, PCS-12 scores also
revealed that the Hip group patients displayed a higher final
percentage improvement (43.52-30.20 = 13.32%) than did the
remaining cohorts in the Knee (44.32-33.65 = 10.67%) and
Lumbar groups (44.61-33.53 = 11.08%). When this difference
was analysed, however, it proved to be statistically non-
significant (PCS Hip group improvement vs. Knee and Lumbar
groups’ improvement: six months p = 0.845; one year p = 0.644;
two years: p = 0.933) (Figure 1).

In terms of MCS scores, Knee group patients were observed
to have a statistically significant less severe pre-operative status
(p = 0.008) and, though a significant improvement was
observed for all cohorts across follow-up, the improvement
was nonetheless greater among the Lumbar and Hip group
patients than among those in the Knee group. Moreover, this
difference proved to be statistically significant for all follow-
up periods (Hip and Lumbar groups’ improvement with
respect to Knee group improvement: six months p = 0.022;
one year p = 0.012; two years p = 0.043).

Analysis of patients’ functional questionnaires on the differ-
ent assessment scales (Harris, HSS and Oswestry) showed a
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clear functional improvement in all three groups post-surgery
and across follow-up (Table 3). Patients who underwent hip
replacement surgery registered a percentage functional
improvement (Table 4) of 152.01% (from 36.11 to 91.00) at
two years according to the Harris scale; those who underwent
knee replacement surgery registered a functional improvement
of 50.07% (from 56.42 to 84.67) according to the HSS scale;
and those who underwent spinal surgery registered a functional
improvement of 41.14% (from 58.73 to 82.89) at two years
according to the Oswestry scale. As in the case of the SF-12
health questionnaire, Hip group patients presented with greater
disability prior to the surgical intervention, as well as greater
improvement in functional status across follow-up, with this
superiority in functional improvement proving statistically
significant. The functional improvement observed for patients
in the Knee and Lumbar groups was very similar (six months
p = 0.027; one year p = 0.278; two years: p = 0.302).

Discussion

This study shows that lumbar spinal fusion is capable of
producing substantial and significant improvements in the
health and functional status of patients undergoing surgery
and in terms of results, it is also a comparable procedure to
arthroplasties of major load-bearing joints, and that it achieves
clinical outcomes similar to those of hip and knee arthroplasties,
which are the archetypical benchmarks of successful surgical
treatment.

Traditionally, the scientific literature has highlighted the
existence of a significant variability in clinical outcomes
obtained by patients undergoing lumbar spinal fusion [14]. This
fact contrasts with existing data of low-intermediate variability
in hip and knee replacement surgery [30]. Similarly, the litera-
ture also reflects a lack of consensus on the indications for jus-
tifying lumbar spinal fusion in terms of results. These data have
fostered the idea of a lack of scientific evidence of the efficacy
and cost-effectiveness of lumbar spinal fusion [9, 14, 18, 31].

Depending on the diagnostic criterion used, and the age and
sex of the population considered, there is great geographical
variability in the estimated prevalence of arthritis. In Spain, data
supplied by the Spanish Society of Rheumatology (Sociedad
Espariola de Reumatologia) show that there are over seven mil-
lion people with knee, hand or spine degenerative diseases,
which annually cost the health authorities around 4800 million
euros, 0.5% of Spain’s Gross Domestic Product (GDP) [32].
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Figure 1. Trends in the SF-12 physical-component summary (PSC) score during follow-up of the Lumbar, Knee and Hip cohorts.
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Table 3. Outcome variables — functional scales.

Preoperative Six months 12 months 24 months
Scales OoSwW Harris HSS OSW  Harris HSS OSW  Harris HSS OSW  Harris  HSS
Average 58.73 36.11 56.42 83.00 88.81 81.21 81.95 88.26 83.88 82.89 91.00 84.67
Standard deviation 22,046 12,374 12,008 18,163 5680 11,997 14,564 7241 10,882 11,742 3789 8867
ANOVA P <0.001 P =0.027 P =0.278 P =0.302

OSW: Oswestry (Lumbar); Harris (Hip); HSS (Knee).ANOVA, analysis of variance; HSS, Hospital for Special Surgery Scale.

Table 4. Outcome variables — functional-scale improvement
percentages.

Functional improvement (%) Six months One year Two years
Oswestry 41.33% 39.54 41.14%
Harris 145.94%  144.42%  152.01%
HSS 43.94% 48.67% 50.07%

ANOVA, analysis of variance; HSS, Hospital for Special Surgery
Scale.

According to the World Health Organisation, about 28% of the
world’s population over the age of 60 years suffer from
osteoarthritis, and 80% of them have restricted mobility. The
increasing life expectancy and ageing of population means that
arthritis may become the fourth leading cause of disability by
2020 [30]. The growing body of evidence indicating that spinal
surgery is an effective treatment for patients with failure of con-
servative treatment has translated into an increased demand for
and acceptance of spinal surgery. The results of this study have
direct implications on health care and policy from a patient
standpoint.

This nation-wide multicentre study shows an objective
appraisal of the impact of surgical procedures performed to
improve the wellbeing of patients affected by degenerative dis-
eases of the spine, hip and knee. Our primary aim was to assess
the comparable outcomes of lumbar spine fusion versus hip and
knee surgery treatment both comprehensively and from the
patients’ perception, on the basis of a set of clinical and func-
tional self-assessment tools validated for measuring health
status and functional status by reference to standard domains
of assessment and physical examination [23-25]. Thus, it’s
been possible to compare three different degenerative-disease
surgeries by using identical, specific methods to analyse their
results.

One aspect that is not taken into account when health ques-
tionnaires are used as the sole method of assessment is analysis
of patients’ functional status. Standards for measurement of out-
comes in clinical research for orthopaedic disorders include rec-
ommendations for the SF-12 or the EQ-5D to measure general
health [33]. Serious trade-offs involved in choosing outcome
measures for clinical trials include the need to obtain adequate
power to detect differences and to maximise measurement pre-
cision. With these concerns in mind, investigators often favour
disease-specific measurements that appear to focus on the key
aspects targeted by treatment over generic preference-based
instruments [34]. This study incorporated functional disability
assessment scales that were specific to each intervention, to

ensure that the results would be useful in clinical practice and
management. The use of functional assessment instruments
allows us to detect those needs that might otherwise not be borne
in mind if health measurements alone were used [21, 22].
The scale scores for these groups of patients showed that those
who underwent hip arthroplasty presented with greater disability
before surgical intervention and better functional status across
follow-up than did the other two cohorts studied.

This study used an appropriately selected sample of the
Mediterranean population, taking the area’s specific socio-
economic/occupational variability into account. It shows that
the results obtained in lumbar spinal fusion surgery are as effec-
tive as those achieved in knee and hip arthroplasty surgery, and
that these improvements are maintained for a minimum of two
years after the intervention. This finding confirms the conclu-
sions reached by other earlier studies. In surgical treatment of
spinal stenosis, Rampersaud et al. [35] examined HRQoL at
two years using the SF-36 questionnaire. Their study furnished
results similar to ours, but its analysis incorporated a mix of
spinal surgery procedures with and without fusion. In another
subsequent study [36], the same authors reported equally com-
parable results for the three procedures even after a seven-year
follow-up, despite the finding of a higher re-intervention rate in
patients who underwent spinal surgery than in the other two
cohorts.

In a similar study, Juul et al. [37] reported comparable
improvements in SF-36 results at one year between patients
who underwent hip arthroplasty and others treated with lumbar
spinal fusion. Added to that, the group of patients who under-
went hip arthroplasty displayed a higher improvement percent-
age than did the remaining cohorts that were intervened. Both
percentage domains — health and functional status — increased
more in patients who underwent hip arthroplasty than in the
other cohorts, and it was the same for the correlation between
the Harris scale and the SF-12 questionnaire. These results
might be related to the fact that these patients started from a
worse baseline situation, and would thus have a tendency to
show greater improvement in their outcomes. Another study
conducted by Hansson et al. [38] reported similar results than
ours, with a greater improvement among patients who under-
went hip surgery, although different spinal surgical techniques
(with and without instrumentation and fusion) were included.

Study limitations

Some of the previous authors report that patients with a
more severe pre-operative physical status would experience a
smaller post-operative improvement [39]. After analysing the
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results of our series, we observed that this relationship could in
fact be more complex. A more deteriorated pre-operative con-
dition could influence the quality of life expected after surgery.
Similarly, patients in our study diagnosed with knee osteoarthri-
tis presented with a less severe pre-operative status, and yet also
registered poorer results during follow-up, particularly in men-
tal-scale scores.

It should also been mentioned those limitations linked to the
design of the study itself as an observational, ambispective,
multicentre and cohort follow-up one. Primarily, we overlooked
the role of some factors, such as surgical anaesthetic risk or pre-
existing comorbidities, which intervene in the results when it
comes to analysing improvement in quality of life, and could
thus be modifying factors. Secondly, with regard to the sample
and its representativeness, it should likewise be noted that there
were considerable losses to follow-up. Among the causes of
such losses, the most important was the difficulty of recruiting
and following-up patients with indication of lumbar spinal
fusion, for study purposes. This limitation has been attributed
to demographic changes in the catchment area, the influence
of occupational disability allowances and/or difficulties in
absorbing the considerable volume of spinal surgery currently
on waiting lists [40]. This situation, along with the fact that
some health centres recruited fewer cases than expected, may
have given rise to selection bias.

Our use of the SF-12 questionnaire was due to the fact that
it affords an invaluable method of comparison for measuring
the effectiveness of treatments in different diseases; to its wide-
spread use, which allows for comparison with other studies; and
to its good discriminatory capacity for detecting variations in
health status. However, the SF-12 has a lower power than the
extended version SF-36, with the same shortcomings of neither
evaluating nor assessing symptoms associated with the disease,
and remaining insensitive to changes in specific conditions, as
would be expected from a more specific instrument [26].
In order to avoid selection and follow-up biases, the following
should be borne in mind in future studies: comparison to other
groups, such as healthy patients, inclusion of control groups
and stratification by specific diseases.

Finally, we must mention that the two-year follow-up
period should have been ideally longer since it is possible to
detect other differences in longer-term results that we might
have missed.

The results of this study allow us to conclude, in terms of
improvement in quality of life and function, that lumbar fusion
surgery achieves similar results to those of hip and knee
arthroplasty surgery. In patients diagnosed with degenerative
spondyloarthropathy, lumbar spinal fusion achieves an
improvement in general wellbeing and physical capacity, com-
parable to that yielded by total knee arthroplasty and slightly
inferior to that achieved by total hip arthroplasty.

We recommend the use of the mentioned scales to assess
health, quality of life and functional status in routine clinical
practice and decision-making, as indispensable methods for
assessment and follow-up with a view to drawing up future
treatment guidelines.
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