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Abstract The aim of this study was to evaluate the
influence of smoking on the outcome of patients under-
going surgery for degenerative spinal diseases, and to
examine whether smoking had a differential impact on
outcome, depending on the fusion technique used. The
cohort included 120 patients treated with two different
fusion techniques (translaminar screw fixation and TLIF).
They were categorised with regard to their smoking habits
at the time of surgery and completed the Core Outcome
Measures Index at baseline and follow-up (FU) (3, 12 and
24 months FU); at FU they also rated the global outcome
of surgery. The distribution of smokers was comparable in
the two groups. For the TS group, the greater the number of
cigarettes smoked, the less the reduction in pain intensity
from pre-op to 24 months FU; the relationship was not
significant for the TLIF group. The percentage of good
global outcomes declined with time in the TS smokers such
that by 24 months FU, there was a significant difference
between TS smokers and TS-non-smokers. No such dif-
ference between smokers and non-smokers was evident in
the TLIF group at any FU time. In conclusion, the TS
technique was more vulnerable to the effects of smoking
than was TLIF: possibly the more extensive stabilisation of
the 360° fusion renders the environment less susceptible to
the detrimental effects on bony fusion of cigarette smoking.
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Introduction

There is general agreement in the literature that cigarette
smoking is detrimental to bone healing [1, 2] and specifically
to spinal fusion. It has been demonstrated that the rate of non-
union or pseudoarthrosis after spinal fusion is up to four times
higher in smokers than non-smokers [3-6] although the
specific pathophysiologic mechanism responsible is still
unclear. Although the major mechanism seems to be related
to the severe vasoconstrictive effect of nicotine on the
microvasculature, which hinders angioblastic activity during
bone graft healing [7], smoking has also been associated with
calcitonin resistance [8] and impaired osteoblastic function
[9]. Possibly related to its effect on solid fusion, smoking has
also been found to be a strong negative predictor of patient
satisfaction with treatment after lumbar fusion surgery [10,
11]. Nonetheless, this might also represent an independent
effect, since smoking is associated with poorer outcome in the
operative treatment of other lumbar spinal disorders, even
when fusion is not involved; a number of studies have shown
that smoking habit has a negative influence on outcome in the
surgical treatment of lumbar disc surgery [12—-14].

The influence of smoking in relation to the extensive-
ness and invasiveness of the fixation technique used to
achieve a solid fusion is still unclear: theoretically, the
more solid the basis for fusion provided by the fixation
technique, the less should be its susceptibility to harmful
environmental factors, such as smoking.

In this study, we examined the influence of smoking on
the outcome of two different fixation techniques commonly
used to achieve a solid fusion: translaminar screw fixation
(TS) and transforaminal interbody fusion (TLIF). TS,
introduced and popularised by Magerl [15], has been
shown to provide a solid fusion with less extensive surgery
when compared with TLIF, which is widely considered the
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gold standard for spine fusion [16]. There is nonetheless
evidence to suggest there may be an increased risk of re-
operation due to non-union with TS compared with pedicle
screw instrumentation [17]. Assuming a weakness of TS to
provide solid fusion, compared with TLIF, we hypothe-
sised that the outcome of TS might be more susceptible to
the detrimental effect of smoking and that this may be
reflected in a technique-dependent difference in patient-
rated outcome between smokers and non-smokers.

The aim of this study was to evaluate the influence of
smoking on the outcome of patients undergoing surgery for
degenerative spinal diseases and to examine whether
smoking had a differential impact on outcome, depending
on the fusion technique used. The study represents a sec-
ondary analysis of the data collected in a previous inves-
tigation in which the outcome of the two different fusion
techniques per se was compared [18].

Methods
Patients

A retrospective analysis of prospectively collected data
was performed.

The study was nested within our Spine Center patient
outcome database in connection with the Spine Society of
Europe Spine Tango data acquisition system. The inclusion
criteria and recruitment procedure have been described in
detail before [18]. Briefly, patients referred to the Spine
Center were equally distributed to the surgeons in a 2-week
term. All patients fitting the admission criteria were auto-
matically eligible for study and were marked as such in the
database. Other than this, there was absolutely no difference
in the subsequent clinical practice or documentation pro-
cedure for these patients. Since the translaminar screw
fixation is suitable only for monosegmental and occasion-
ally bisegmental degenerative changes in the lumbar spine,
the inclusion criteria for the study were selected accord-
ingly: mono/bisegmental degenerative disc disease, facet
syndrome or degenerative spondylolisthesis. In addition,
the completion of self-rated questionnaires necessitated that
the patient had a good understanding of written German.
The only exclusion criteria were previous surgery other than
discectomy, and lack of willingness to give informed con-
sent to surgery and/or questionnaire completion. 120
patients satisfied the admission criteria; 57 in the TS group
(1 surgeon) and 63 in the TLIF group (4 surgeons).

Surgical procedures

Each surgeon consistently used his/her pre-stated, preferred
method (TS or TLIF) for all his patients fitting the
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inclusion criteria. This procedure assured optimal technical
performance and motivation for the surgery.

Both procedures were initiated with a standard midline
approach and classical dissection to expose the involved
segments of the lumbar spine. Decompression with an
undercutting technique was applied as indicated. Autolo-
gous bone, harvested via a separate approach at the pos-
terior iliac crest, was used in all patients of the TS group
and in 91% of the TLIF group. Allograft was used to
augment or replace autologous bone in 11% patients in the
TS group and in 44% patients in the TLIF group. Bone
substitute was not used in any patients in the TS group, and
was used in just one patient in the TLIF group.

The translaminar screws were inserted under direct
visual control using a percutaneous stab incision if neces-
sary [19, 20]. The screws perforate the surface of the
superior and inferior facets in their centres, thereby pre-
venting motion. The TLIF procedure was performed
according to a standard technique. The procedure started
with the bilateral insertion of the pedicle screws. Once the
screws were in place, parallel distraction was applied to
facilitate cage insertion. A one-sided facetectomy was
performed to achieve sufficient access to the posterolateral
aspect of the disc. The intervertebral disc was removed
through a rectangular incision of the posterior annulus. The
end plates were decorticated and the bone graft inserted
into the anterior part of the disc space. Finally, through the
opening in the annulus, the cage (Devex, Depuy Spine) was
inserted and placed into the posterior part of the interver-
tebral space to maintain the width of the foramen. Finally,
the distraction was released and a moderate compression
applied to establish lordosis and to prevent cage migration.

Documentation forms and questionnaires

The Spine Society of Europe (SSE) Spine Tango Surgery
forms were used to document information about the sur-
gery: these data have already been reported [18].

Before and 3, 12 and 24 months after surgery, patients
were requested to complete the multidimensional Core
Outcome Measures Index (COMI) questionnaire [21]. On
each occasion, the questionnaires were sent to the patients
to complete at home, to ensure that the information given
was free of care-provider influence. The COMI is a
multidimensional index consisting of validated questions
covering the domains of pain (leg and back pain intensity,
each measured separately on a 0—10 graphic rating scale),
function, symptom-specific well being, general quality of
life, and social and work disability. The COMI was
originally developed based on the recommendations for a
short series of Core Outcome questions by an Expert
Group in the field of Low Back Pain Outcome measure-
ment [22] and subsequently validated as an outcome
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instrument by three research groups [21, 23-25]. In
addition to the COMI questions answered both before and
after surgery, at 3, 12 and 24 months’ FU, there were
further questions inquiring about the global outcome of
surgery (“overall, how much did the operation help your
back problem?”; 5 response categories from ‘“helped a
lot” to “made things worse”).

Patients were categorized with regards to their smoking
habits based on the general admission report completed by
residents on the first day of the patient’s hospitalisation.
The six categories were: non-smoker; <5 cigarettes/day;
6-10/day; 11-15/day; 16-20/day; >20/day. Smoking data
were available for 110/120 (92%) patients (53 TS, 57
TLIF) and these comprised the study groups of interest in
the present investigation. Gender distribution was almost
identical in the two groups, but TS were significantly older
than TLIF and had significantly greater co-morbidity
(higher ASA scores) (Table 1). Pre-op questionnaires were
completed by 108/110 (98%) patients; FU questionnaires
were completed by 109/110 (99%) patients after 3 months,
102/110 (92.7%) patients after 12 months and 99/110
(90%) patients after 24 months.

Statistical analyses

Descriptive data are presented as mean =+ standard devia-
tions (SD).

The significance of the difference between the smokers
and non-smokers for continuous, normally distributed data
were analysed using unpaired Student’s 7 tests. Two-way
analysis of variance (ANOVA) was used to examine the
difference in COMI item/overall scores over time between
the smoking groups and the treatment groups. Contingency
analyses were used to analyse the association between
smoking status and categorical variables.

Spearman Rank correlation coefficients corrected for
ties were used to indicate the strength of the relationship
between the number of cigarettes smoked per day and the
change in pain intensity/COMI score from pre-op to
24 months follow-up.

The global outcome was dichotomised into “good”
(=operation helped, or helped a lot) and “poor” (=opera-
tion only helped a little, did not help, made things worse)
for the purposes of some of the subsequent analyses.

Statistical significance was accepted at the p < 0.05
level.

Results
Distribution of smokers

30/110 (27.3%) patients smoked; 16.6% had a daily ciga-
rette consumption of <5 cigarettes; 33.3%, 610 cigarettes;
16.7%, 11-15 cigarettes; 16.7%, 16-20 cigarettes and
16.7%, >20 cigarettes.

The distribution of smokers was comparable in the TS
and TLIF groups (23 and 32%, respectively; p = 0.29).

Baseline scores

The baseline scores for the smokers and non-smokers, for
each of the COMI domains, are shown in Table 2. Pain
scores showed a tendency to be higher in the non-smokers
than the smokers, but the difference did not acquire sig-
nificance (p = 0.14-0.19); there were no significant dif-
ferences between the smokers and non-smokers for any of
the other domains.

Change in COMI scores up to 2 years post-op

Figure 1 shows the scores for pain intensity (worst symp-
tom, back pain or leg pain), back-related function, and the
COMI overall score at baseline and at each of the follow-
up time points. For these domains, the ANOVA revealed a
significant interaction (p < 0.05) between the pattern of
score-change over time and smoking status, with the
smokers showing a worsening of status from 12 to
24 months FU, most markedly so in the group of TS
smokers.

Table 1 Baseline
characteristics of the patients in
each group with smoking data

Group TS Group TLIF p value for comparison

TS versus TLIF

Number of patients

Gender

Age

Comorbidity (ASA categories)

p values marked bold are

e Number of surgeons
significant at p < 0.05

N =153

69.8% women
66.9 £ 10.3 yrs
2.0% ASA 1
12.0% ASA 2
86.0% ASA 3
N=1

N =157

68.4% women
57.5 + 13.7 yrs
40.4% ASA 1
46.2% ASA 2
13.5% ASA 3
N=4

0.87
<0.0001
<0.0001
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Table 2 Baseline symptoms in the non-smokers and smokers, as
determined from the COMI

Non-smokers Smokers  p value
(N="18) (N =29)
Back pain intensity® 7.0 (2.3) 6.1 3.3) 0.15
Leg pain intensity® 6.4 (2.8) 5.6 (29) 0.19
Pain intensity worst symptom 7.6 (1.9) 6929 0.14
(back or leg)*
Function® 4.0 (0.9) 40 (1.0) 0.82
Symptom-specific well being 4.8 (0.6) 4.7(0.8) 0.53
General quality of life 4.1 (0.8) 42 (0.8) 0.79
Social disability 4.3 (1.3) 38 (1.6) 0.13
Work disability 3.3 (1.8) 35(1.8) 055
COMI whole score® 7.9 (1.6) 7.6 (2.1) 0.51

Data are from N = 108 patients: smoking data was available for 110
patients, 2 of whom had no baseline COMI questionnaire data

% 0~10 scale (higher score, worse status)
> 1-5 scale (higher score, worse status)

Dose-response relationship

In the TS group, the greater the number of cigarettes
smoked, the less the reduction in pain intensity for the
worse symptom, leg or back pain (p = —0.41, p = 0.006)
and COMI overall score (p = —0.27, p = 0.07) from
pre-op to 24 months follow-up; the TLIF group showed
relationships in the same direction, but they failed to
reach significance (pain: p = —0.19, p = 0.18; COMI:
p = —0.14, p = 0.33).

When both groups were considered together, the corre-
lation between the number of cigarettes smoked and
change score from pre-op to 24 months was significant for
pain intensity (worst symptom) (p = —0.28, p = 0.006;
Fig. 2), but not for COMI (p = —0.18, p = 0.08).

Global outcome at follow-up

Table 3 shows the global outcomes for the smokers and
non-smokers in each treatment group at 3, 12 and
24 months.

At 3 months’ FU, the percentage good global outcomes
(“operation helped/helped a lot”) did not differ between
the smokers and non-smokers or between the surgical
groups (all between 73 and 83%); however, with time, the
outcome in the TS smokers declined, such that by
24 months’ FU there was a significant difference between
TS smokers and TS-non-smokers (44 vs. 87% good out-
comes, respectively; p < 0.05). No such difference
between smokers and non-smokers was evident in the TLIF
group at any FU time (75 vs. 76% good outcomes at
24 months, respectively).
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Fig. 2 Dose-response relationship between group for number of
cigarettes smoked and the reduction in pain intensity (worst of leg
pain or back pain)) from preoperatively to 24 months FU (note, there
are a number of overlapping points and hence the number of points
shown does not equal the total number of data points contributing to
the analysis)

Discussion

In this study, we examined the influence of smoking on the
patient-rated outcome of two different fixation techniques
commonly used to achieve a solid fusion in lumbar spine
surgery: translaminar screw fixation and transforaminal
interbody fusion. Our previous study indicated that there
were no significant differences between the two techniques
for the mid-term patient-rated outcome [16]. From a bio-
mechanical point of view, the combination of anterior
support and rigid posterior fixation theoretically provides a
more solid ground for fusion than posterior fusion with
translaminar screws alone. Although this has not been
clearly confirmed by in vitro biomechanical studies, it is
suggested by the findings of the clinical studies of both Tuli
et al. [17] and Anjarwalla et al. [26] in which the TS
technique appeared to be associated with a lesser likelihood
of fusion when compared with TLIF. Tuli reported an
increased risk of re-operation for non-union in patients
treated with TS when compared with those that were
instrumented with pedicle screws. In examining four dif-
ferent fusion techniques—stand alone ALIF, ALIF plus TS,
ALIF plus unilateral pedicle screw, and ALIF plus bilateral
pedicle screw—Anjarwalla et al. found a significantly
greater incidence of fusion at minimum 2 years of follow-
up in the last group, suggesting that a 360° fusion provides

the best conditions for promoting solid bony fusion.
Interestingly, however, no differences were found in the
fusion rate of the different fixation groups dependent on
smoking habit.

We hypothesised that the different type of stability
offered by TS, which provides exclusively posterior and
posterolateral fusion, would render the technique more
susceptible to detrimental environment factors such as
smoking. And, indeed, the current findings appeared to
support this hypothesis, if it can be assumed that the
declining outcomes beyond 3 months reflect a greater
incidence of non-union in the TS smokers. The initial
results seemed to be fairly comparable for both techniques.
The deterioration of the subjective results after 3 months in
the TS smokers suggests that the differences occurred
during the phase of calcification and biological stabiliza-
tion when the mechanical stability provided by the
implants decreases. Possibly the TLIF with its superior
implant mass provides longer lasting “mechanical” sta-
bility than the translaminar screws alone.

The present study differs from many previous studies in
that we focused exclusively on the role of smoking in
relation to the clinical outcome, without actually measuring
the rates of fusion/non-union or re-operation. Our reason-
ing for this was that ultimately it is the patients’ self-rated
outcome and satisfaction with the procedure that is of
greatest importance, regardless of the fusion status. Whilst
verification of our proposed mechanism of action (namely,
that fusion status mediates the association between smok-
ing and fixation technique) would naturally serve to sub-
stantiate the hypothesis, it would require all study patients
(regardless of their current satisfaction) to be exposed to
the radiation associated with the CT imaging required to
make accurate estimates of fusion, and yet would still not
alter the clinical conclusions of the study.

The results of the study highlight the complexity of
choosing a specific operative technique for the individual
patient. Our data indicate that smoking habit should be
considered as a reliable predictor of outcome, determining
(in part) the surgical technique to be used. Furthermore, the
findings indicate that there is an even greater impetus to
suggest smoking cessation in candidates for spine surgery
if for any reason (e.g. age, comorbidity, other “technical”
reasons) a less invasive technique, such as TS is planned.

Table 3 Proportion of good outcomes at each FU in each treatment group

TS TLIF

Non-smokers (%) Smokers (%) P Non-smokers (%) Smokers (%) )4
Percentage good at 3 months 71.5 72.7 0.74 82.1 83.3 0.91
Percentage good at 12 months 75.0 50.0 0.14 75.0 75.0 >0.99
Percentage good at 24 months 86.5 44.4 0.01 75.7 75.0 >0.99
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In addition to the higher perioperative risks [27], higher
wound-related complications, and higher rate of non-union
associated with smoking, even poorer results in terms of
patient-rated outcome should be expected if TS is chosen
as the fusion technique in smokers.

Limitations of the present study include the observa-
tional nature of its design and the relatively low number of
patients in the “smokers” subgroups; the results could be
strengthened using a larger cohort study or a randomised
controlled trial of the two types of stabilisation in which
participants are pre-stratified by smoking status.

Conclusion

The study confirms a fixation technique-dependent rela-
tionship between smoking and patient-rated outcome in
spine surgery. The TS technique was more vulnerable to
the effects of smoking than was TLIF: possibly the more
extensive stabilisation of the 360° fixation renders the
environment less susceptible to the detrimental effects on
bony fusion of cigarette smoking, with subsequent effects
on patient-rated outcome.

Smoking habit proved to be at least one factor influ-
encing outcome. The outcome of the two fixation tech-
niques differed after analysing the results with respect to
smoking habit.

Conflict of interest None.
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