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Abstract

Study Design: Retrospective Cohort Study

Objectives: To investigate and compare the prevalence of low bone mineral density (BMD) and abnormal laboratory bone
metabolism parameters in patients undergoing elective primary discectomy, decompression, and fusion and to outline possible
differences in these parameters between patients undergoing revision for skeletal vs non-skeletal complications.

Methods:We retrospectively evaluated BMD measurements by dual-energy x-ray absorptiometry (DXA) in 389 consecutive
patients scheduled for elective lumbar spine surgery. Next to demographic characteristics, laboratory bone metabolism
parameters were assessed. Group comparisons were performed between primary discectomy, decompression, and fusion. In
patients scheduled for revision surgery after fusion, potential differences in the skeletal status between those with skeletal vs
non-skeletal complications were analyzed.

Results: Osteoporosis by T-score was detected in 6.7%, 11.0% and 14.7% of the patients undergoing discectomy, decom-
pression and fusion, respectively. While vitamin D deficiency (67.6%) and hyperparathyroidism (16.4%) were frequently
detected, no differences in laboratory bone metabolism markers could be found between the groups. Female sex (P<.001),
higher age (P=.01) and lower BMI (P<.001) were associated with lower BMD. In the cohort of patients undergoing revision
surgery due to complications after fusion, those with skeletal complications did not differ in BMD or bone metabolism from
those with non-skeletal complications.

Conclusions: Osteoporosis represents a relevant comorbidity in patients scheduled for elective spine surgery, which is why
DXA should be routinely performed in these patients. However, DXAmay provide limited information in identifying patients at
increased risk for skeletal complications after fusion.
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Introduction

Surgical interventions for disorders of the lumbar spine are
generally effective in terms of pain relief and restoration of
function in affected patients. Specifically, while lumbar disc
herniation can often be treated conservatively, a surgical ap-
proach in the form of a discectomy is indicated in patients with
insufficient improvement in symptoms or neurologic deficits 1. In
older patients with degenerative lumbar spine conditions (in-
cluding spinal stenosis and degenerative spondylolisthesis), a
surgical procedure offers an effective treatment option in terms of
improved functional outcome and pain reduction2. Both de-
compression and fusion are possible surgical methods, de-
pending on the stage of the disease as well as other factors.
Nevertheless, these procedures also have a relevant complication
rate. Complications after fusion can be divided into skeletal (eg,
rod breakage, screw loosening, pseudarthrosis, or adjacent
segment fracture) and non-skeletal (eg, infection, degeneration
and/or spinal stenosis in an adjacent segment) complications3.

Osteoporosis, defined as impaired bone quality accompa-
nied by an increased risk of fragility fractures, is a very common
condition worldwide. Fragility fractures affect 1 in 2 women
and 1 in 5 men over the age 50 years4. While the negative effect
of low bone mineral density (BMD) on the risk of vertebral
fractures is well-studied, its influence on the outcome of lumbar
spine surgery is insufficient. It has been shown that low BMD
(ie, osteoporosis) represents a common comorbidity in patients
scheduled for elective spine surgery5. Especially in fusion
surgery involving the insertion of screws into the bone, a
negative influence of a poor skeletal status on the outcome
appears crucial. In this regard, local poor bone status has been
associated with complications such as screw loosening6. Al-
though generally recommended7, BMD assessment prior to
elective spine surgery is often not performed on a routine basis.

The frequency of osteoporosis in patients undergoing spine
surgery ranges from 9.6 % to 42.3 %8-12, with heterogenous
findings primarily attributable to risk profiles, sex and geographic
factors. Nonetheless, it remains unclear whether differences in
the frequency of low bone density as well as abnormalities in
laboratory bone metabolism occur between different spinal
conditions and surgical treatments. Although low BMD could be
a possible factor increasing the risk of skeletal complications
after fusion, evidence is insufficient. In this study, we aimed to
compare BMD measured by dual-energy X-ray absorptiometry
(DXA) in a consecutive series of 389 patients undergoing dif-
ferent types of elective, primary or revision surgical procedures
of the lumbar spine. We also compared patients scheduled for
revision due to skeletal vs non-skeletal complications.

Methods

Study Cohort

We retrospectively analyzed 389 consecutive patients who
underwent lumbar spine surgery in our department from 2015

and 2021. The cohort consisted of n=250 patients undergoing
primary surgery including discectomy (n=30), decompression
(n=145) and fusion (n=75). The indication for discectomy was
disc herniation, whereas the indication for decompression and
fusion was lumbar spinal stenosis and/or degenerative
spondylolisthesis in all cases. We also included n=139 patients
indicated for revision surgery, of which n=70 previously
underwent decompression and n=69 patients previously un-
derwent fusion. Form the patients with revision surgery after
fusion, n=31 had skeletal complications and n=39 patients had
non-skeletal complications. Skeletal complications were de-
fined as rod breakage, screw loosening, pseudarthrosis, or
adjacent segment fracture as previously defined3. Non-skeletal
complications were defined as degeneration and/or spinal
stenosis in an adjacent segment.

Patients with active cancer, skeletal metastases or in-
operability due to severe medical conditions were excluded
from the study. Demographic parameters (age, sex, BMI) and
relevant clinical risk factors for osteoporosis and increased
fracture risk (oral glucocorticoid intake for longer than
3 months in the past or at present, smoking) were obtained in
all patients. Only patients with available BMD measurement
within 4 weeks before surgery were included.

Dual-Energy X-Ray Absorptiometry and Laboratory
Assessment

We assessed the bone mineral density (BMD) at the left and
right proximal femur as well as the lumbar spine (L1-L4) by
DXA (Lunar Prodigy enCore 2007, GE Healthcare; Madison,
WI, USA). T-scores expressing BMD standard deviations for
young, sex-matched healthy adults were generated using the
manufacturer’s software. Based on the T-score, osteoporosis
and osteopenia were diagnosed according to World Health
Organization (WHO) guidelines (ie, normal T-score >-1.0,
osteopenia T-score >-2.5≤-1.0, osteoporosis T-score ≤-2.5)13.
The lowest T-score of each of the evaluations (with corre-
sponding absolute BMD and Z-score) was used for further
analysis. In the cases before revision, the DXA values of
the lumbar spine were only evaluated if at least 2 vertebral
bodies were measurable (ie, no instrumentation in this
scan area). This way, only 10/31 (32.3%) and 14/38 (36.8%) of
the lumbar spine measurements in patients with non-skeletal
and skeletal complications, respectively, could be considered.

Furthermore, serum biochemical bone metabolism markers
including calcium, 25-hydroxyvitamin D, parathyroid hor-
mone (PTH), phosphate, and alkaline phosphatase (ALP) were
assessed. Creatinine, c-reactive protein (CRP), leukocyte
count and hemoglobin levels were also measured.

Statistical Analysis

GraphPad Prism® (version 9.0, GraphPad Software, La Jolla,
CA) was used for statistical analysis. Continuous variables are
given as median with confidence interval (CI) and categorical
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variables are expressed as number and percentage. The
Shapiro–Wilk test was used to evaluate the normal distribution
of the data. To compare 2 groups, student’s t-test was used for
normally distributed data and the Mann-Whitney-U test for
non-parametric data. For categorical data, the Chi-Squared test
was used. For comparison of normally distributed data among
3 groups, one-way ANOVA and with Tukey’s multiple
comparison test was applied, and for non-parametric data, the
Kruskal–Wallis test with Dunn’s multiple comparison test was
performed. Age- and weight-associated changes in T-scores
were analyzed by linear regression analysis. The P-value,
coefficient of determination R2 and 95% confidence interval
(CI) of the respective regression slopes were determined.
Statistical significance was set to a P-value of .05.

Results

In the total cohort of 389 patients (224 women and 165 men),
the proportion of osteoporosis was 11.8% and that of os-
teopenia 38.8% (women: osteoporosis 13.4%, osteopenia
39.3% and men: osteoporosis 9.7%, osteopenia 38.8%), with
no differences found between patients with primary and
secondary (ie, revision) lumbar spine surgery (Figure 1A).
There was also a high proportion of vitamin D deficiency with
a total of 67.6% vitamin D deficient patients (Figure 1B).
Based on laboratory results, vitamin supplementation was
initiated or adjusted in all patients. A relevant proportion of
patients (16.4%) had hyperparathyroidism, of which 3 patients
had primary hyperparathyroidism and the remaining patients
had secondary hyperparathyroidism. The indication for specific
osteoporosis treatment was made according to the osteoporosis
guidelines of the Dachverband Osteologie (DVO)14. Of the 46
affected patients in the total cohort (30 women, 16 men), re-
spective treatment was initiated in 41 patients. In addition,
treatment was indicated in 4 elderly women with osteopenia.
The type of the specific osteoporosis therapy was determined
based on the risk profile and consisted of either bi-
sphosphonates, denosumab, or teriparatide.

Within the group of patients undergoing primary surgery,
the proportion of osteoporosis increased between discectomy,
decompression, and fusion (Figure 1C). Within the patient
cohort scheduled for revision surgery, there were 70 patients
with complications after decompression and 69 with com-
plications after fusion, with similar distributions of BMD
categories found (Figure 1D). Within the patients who un-
derwent surgery for complications after fusion, there appeared
to be a higher frequency of osteoporosis for patients with
skeletal compared with non-skeletal complications
(Figure 1E).

For the total cohort (n=389), we also analyzed the main
factors influencing BMD.While BMDwas significantly lower
in women compared to men (P<.001), no significant differ-
ences in T-scores between women and men were detected,
indicating that sex is not an additional risk factor compared to
the reference cohort (Figure 2A). Age and BMI yielded

significant but weak associations with T-score (Figure 2B and
C). We next compared BMD and laboratory findings of the
different types of primary surgeries (n=250) in more detail.
Demographic and disease specific characteristics are pre-
sented in Table 1. While the patients undergoing discectomy
were significantly younger than those scheduled for decom-
pression and fusion, the patients before fusion were also
younger than those scheduled for decompression (Figure 2D).
Within the patients undergoing fusion, the proportion of fe-
males was highest (Figure 2E), with no differences in BMI
between the groups (Figure 2F). We detected significant
differences regarding the spinal BMD and T-score between the
groups, which was attributed to a lower BMD and T-Score in
patients scheduled for fusion compared to those scheduled for
decompression (P<.05). However, no differences were found
in any of the other BMD parameters and skeletal regions
between the 3 groups discectomy, decompression, and fusion,
including the lowest T-score of all regions measured
(Figure 2G, Table 2). Likewise, there was no difference in any
of the laboratory bone metabolism parameters, including vi-
tamin D and PTH (Figure 2H and I, Table 2). The only dif-
ference in laboratory parameters between groups was found in
CRP, and this difference was due to slightly higher values in
the fusion compared to the decompression group (P<.05)
(Table 2). Importantly, we detected a high rate between 70.0%
and 77.3% of vitamin D deficiency and between 12.5% and
16.3% hyperparathyroidism, without differences between
groups. Osteoporosis was previously undiagnosed in most
patients, representing a relevant underdiagnosis (Table 2).

To test the hypothesis that low BMD is a risk factor for
skeletal complications after fusion, we compared a cohort of
31 patients with skeletal complications to 38 patients with
non-skeletal complications. Skeletal complications included
adjacent segment fracture, screw loosening, pseudarthrosis,
and rod breakage (Table 3). Non-skeletal conditions were
spinal stenosis or degeneration in an adjacent segment. Both
groups did not differ in age, sex distribution, BMI, or other
risk factors (Figure 3A-C, Table 3). Only the time between
primary surgery and revision (ie, follow-up) was significantly
lower in patients with skeletal complications (Table 3).
Contrary to our assumption, there were no differences in BMD
T-scores or vitamin D and PTH levels between the 2 groups
(Table 4, Figure 3D-F). Several other laboratory parameters
such as phosphate or alkaline phosphatase were also not
different between patients with skeletal and non-skeletal
complications (Table 4).

Discussion

It is well known that bone quality has a significant impact on
the outcome of spine surgery15,16. Complications attributed to
poor bone quality (ie, skeletal complications) include adjacent
segment fracture, screw loosening, pseudarthrosis, and rod
breakage. Consistent results are lacking on how many patients
suffer from a relevant impairment of BMD (ie, osteoporosis
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and osteopenia) measured by DXA and how this varies be-
tween different conditions or types of surgeries. In the present
study, we provide a comprehensive overview on the skeletal
status in 389 patients scheduled for elective primary and

revision lumbar spine surgery. We demonstrated that osteo-
porosis is a relevant und underdiagnosed comorbidity in these
patients, ranging from 9.7% in men to 13.4% in women, and
from 9.7% in patients indicated for discectomy to 16.1% in

Figure 1. Pie charts showing the distribution of BMD based on DXA T-scores as well as vitamin D and PTH levels. (A) Among all patients
indicated for lumbar spine surgery (n=389), 12% had osteoporosis. No differences between patients undergoing primary or revision surgery
were found. (B) Frequency of vitamin D deficiency and hyperparathyroidism. (C) In patients undergoing primary surgery, a trend toward
increasing osteoporosis incidence was noted between patients undergoing discectomy, decompression, and fusion. (D) Patients who
underwent revision surgery for complications after fusion were diagnosed with osteoporosis or osteopenia slightly more frequently than
patients who underwent revision after decompression. (E) Among the patients being revised after fusion, those with skeletal complications
tended to have higher rates of osteoporosis and osteopenia compared to those with non-skeletal complications.
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patients indicated for revision due to skeletal complications
after lumbar fusion. However, we were unable to confirm the
hypothesis that impaired BMD or bone metabolism is asso-
ciated with skeletal complications.

Overall, our patient cohort showed a high rate of previously
undiagnosed osteoporosis. While the frequency of osteopo-
rosis in our cohort of central European patients was slightly
higher than in other comparable cohorts17, it was also
markedly lower than in Chinese populations, some of which
had 39.7% of patients with osteoporosis prior to fusion for

degenerative disease12. The clinical issue of underdiagnosed
osteoporosis has already been demonstrated in other cohorts
scheduled for elective orthopaedic surgery such as total hip or
knee arthroplasty18-20. Although we could not show an effect
of low BMD in association with skeletal complications such as
screw loosening through our case-control approach, our re-
sults are relevant because a substantial proportion of patients
had previously undiagnosed osteoporosis or osteopenia. It is
unquestionable that DXA represents a good predictor of
vertebral fracture risk21. Furthermore, appropriate

Figure 2. Assessment of factors influencing T-score in the entire cohort (n=389) and comparison of demographic and bone parameters
between types of primary lumbar spine surgery (n=250). (A) Comparison of BMD T-scores between females and males (whole cohort). (B)
Associations between age and T-score. (C) Associations between BMI and T-score. (D) Comparison of age, (E) sex distribution, and (F) BMI
between discectomy (Disc), decompression (Deco) and fusion. (G) Comparison of DXA-T scores (lowest value of the measuring sites), (H)
vitamin D, and (I) PTH levels. The dashed lines of the truncated violin plots represent the median and quartiles. P-values are given above the
diagrams.
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osteoporosis medication contributes to a significant reduction
in fracture risk22, which is of particular relevance for patients
indicated for spine surgery since vertebral fractures are one of
the most common osteoporotic fractures. Importantly, it has
also been shown that preoperative osteoporosis treatment is
associated with a lower risk of skeletal complications and
revision surgery after fusion23. Although less evidence
exists for the association between low BMD and skeletal
complications in patients with discectomy or decompression,
skeletal assessment for fracture prevention appears useful in

these patients as well. Biomechanical studies have shown that
BMD reduces the shear force to failure after laminectomy24.

Comparing the groups scheduled for primary spine surgery
(discectomy, decompression, fusion), the bone status in terms
of lowest BMD or T-score did not differ, however, signifi-
cantly lower BMD values and T-scores were measured in the
lumbar spine in patients with fusion compared to decom-
pression. This difference may be due to the higher proportion
of women and the higher proportion of patients on prednis-
olone therapy in the fusion group. In addition, the fusion group

Table 1. Demographic data, medical history and skeletal risk factors in the patients undergoing primary different types of primary spine
surgery.

Parameter Discectomy (n=30) Decompression (n=145) Fusion (n=75) P-value

Age (yr.) 58.0 (52.0 to 62.0) 76.0 (74.0 to 77.0) 71.0 (66.0 to 75.0) < .001
Sex f/m (n) 14/16 88/57 54/21 .043
BMI (kg/m2) 27.0 (24.2 to 27.9) 28.0 (27.3 to 28.7) 27.8 (26.3 to 29.7) .22
Prednisolone ≤7.5 mg (n, %) 1 (3.3%) 8 (5.5%) 8 (10.7%) .26
Smoking (n, %) 1 (3.3%) 10 (6.9%) 6 (8.0%) .69

Results are presented as median with 95% confidence intervals or n (%). Bold indicates significant differences (P < .05).

Table 2. DXA and laboratory results in the patients undergoing primary spine surgery.

Parameter Discectomy (n=30) Decompression (n=145) Fusion (n=75) P-value

DXA
BMD left hip (g/cm2) 1.03 (.93 to 1.10) .95 (.91 to .97) .99 (.92 to 1.02) .21
T-score left hip -.4 (-.9 to .3) -.8 (-1.0 to -.5) -.5 (-1.1 to .0) .38
BMD right hip (g/cm2) 1.01 (.91 to 1.06) .95 (.90 to .99) .92 (.88 to 1.00) .22
T-score right hip -.3 (-.9 to .1) -.8 (-1.0 to -.3) -.8 (-1.2 to -.3) .42
BMD lumbar spine (g/cm2) 1.16 (1.09 to 1.24) 1.19 (1.15 to 1.25) 1.08 (1.03 to 1.18) .03
T-score lumbar spine -.3 (-.7 to .6) .1 (-.4 to .5) -.7 (-1.3 to .0) .04
T-score lowest -.9 (-1.2 to -.5) -1.0 (-1.2 to -.7) -1.4 (-1.9 to -.7) .32
Osteopenia (%) 9 (30.0%) 63 (43.4%) 31 (41.3%) .40
Osteoporosis (%) 2 (6.7%) 16 (11.0%) 11 (14.7%) .49
- Diagnosed before? 0/2 (.0%) 4/16 (25.0%) 4/11 (36.4%)
- Women 2/16 (12.5%) 10/88 (11.4%) 9/54 (16.7%)
- Men 0/14 (.0%) 6/57 (10.5%) 2/21 (9.5%)

Laboratory

Calcium (mmol/l) 2.35 (2.30 to 2.40) 2.35 (2.32 to 2.37) 2.32 (2.30 to 2.34) .18
25-OH-D3 (nmol/l) 54.9 (42.2 to 74.5) 55.9 (47.4 to 65.1) 50.8 (35.9 to 57.6) .16
- Vitamin D deficiency (n, %) 21/30 (70.0%) 92/129 (71.3%)a 51/66 (77.3)a .63
PTH (pmol/l) 5.46 (4.30 to 6.03) 5.10 (4.44 to 5.30) 5.11 (4.70 to 5.38) .69
- HPT (n, %) 3/24 (12.5%)a 14/98 (14.3%)a 8/49 (16.3%)a .90
Phosphate (pmol/l) 3.00 (2.80 to 3.20) 3.00 (2.90 to 3.10) 3.10 (2.80 to 3.20) .98
ALP (U/l) 77.0 (69.0 to 85.0) 73.5 (70.0 to 77.0) 72.0 (65.0 to 77.0) .19
Creatinine (mg/dl) .89 (.81 to .97) .89 (.84 to .94) .86 (.80 to .92) .65
CRP (mg/dl) .24 (.00 to .40) .10 (.10 to .20) .20 (.10 to .60) .03
Leukocytes (G/l) 8.15 (6.90 to 9.50) 7.00 (6.60 to 7.50) 7.10 (6.40 to 8.00) .22
Hemoglobin (g/dl) 13.4 (13.0 to 13.9) 14.0 (13.6 to 14.2) 13.7 (13.5 to 14.2) .66

Results are presented as median with 95% confidence intervals or n (%). Bold indicates significant differences (P < .05).
aindicates deviating number of measured patients for the individual parameter. HPT: hyperparathyroidism.
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consisted of patients suffering from osteochondrosis and
spondylolisthesis as compared to spinal stenosis in the de-
compression group. Since degenerative spondylolisthesis has
been associated with lower BMD values than in patients with
spinal stenosis25, we additionally compared these 2 disease
entities in our cohort with respect to their skeletal status and
independent of the type of surgery, but no significant dif-
ferences could be detected (Supplementary Figure 1). In our
view, it is unlikely that these 2 degenerative diseases of the
lumbar spine have different skeletal risk profiles.

In addition to BMD data, our data provide insight into bone
and mineral metabolism, with 67.6% of patients being vitamin
D deficient. The implications of vitamin D deficiency are
evidenced not only by its negative effects on skeletal min-
eralization, but also by the fact that 15.2% presented with
secondary hyperparathyroidism, which is known to lead to
increased bone resorption26. Previously, a similar prevalence
of vitamin D deficiency was found in patients prior to spine
surgery27. We recommend appropriate substitution for all
vitamin D deficient patients, as the beneficial effect of vitamin
D supplementation on bone health are well-established.
However, future longitudinal studies should investigate the
influence of vitamin D status on the outcome of spine surgery.

Known risk factors for skeletal complications after spine
surgery are smoking16, obesity28, and low volumetric BMD
measured by computed tomography (CT)16. Biomechanical
experiments demonstrated that BMD correlated strongly
with screw pullout strength29 or cycles to failure during
fatigue testing30, providing explanations for BMD as a risk
factor for skeletal complications. The results of a systematic
review indicated that the incidence of screw loosening is
higher in osteoporotic spines than with normal BMD31. In the
present clinical cohort, BMD values measured by DXA did
not appear to have the potential to predict the risk of skeletal
complications. The reason for this may be that measurement
of spinal BMD in patients with degenerative spinal disease is
prone to error and may result in artificially high values15,32.
Similar to our results, a previous study could also not confirm
a significant difference between patients with and without
screw loosening after fusion33. Another study found that
while both lower T-scores by DXA and Hounsfield units were
associated with skeletal complications, only Hounsfield units
served as an independent predictor of skeletal complica-
tions34. Hounsfield units by computed tomography showed
better predictive value regarding screw loosening than
DXA33. Other studies confirmed the value of Hounsfield
units in the prediction of screw loosening6. Importantly,
patients with skeletal complications after fusion presented

Table 3. Demographics, medical history, risk factors, and diagnoses underlying revision in patients undergoing revision surgery for skeletal vs
non-skeletal complications.

Parameter Skeletal (n=31) Non-Skeletal (n=38) P-value

Age (yr.) 71.0 (63.0 to 78.0) 69.5 (63.0 to 77.0) .92
Sex f/m (n) 18/13 23/15 .84
BMI (kg/m2) 28.7 (25.9 to 29.8) 29.1 (26.8 to 30.4) .74
Follow-Up (yr.) 2.0 (1.0 to 2.0) 5.0 (3.0 to 7.0) < .001
1 vs ≥2 Revisions 17/14 27 /11 .16
Prednisolone ≤7.5 mg (n, %) 4 (12.9%) 3 (7.9%) .49
Smoking (n, %) 5 (16.1%) 3 (7.9%) .29
Diagnoses /Complications - Fracture (n=4) - Spinal stenosis (n=21)

- Screw loosening (n=7)
- Pseudarthrosis / rod breakage (n=20) - Adjacent segment degeneration (n=17)

Results are presented as median with 95% confidence intervals or n (%). Bold indicates significant differences (P < .05).

Figure 3. Comparison of demographics, DXA results and
laboratory bone metabolism parameters between patients with
skeletal and non-skeletal complications after fusion. (A) Comparison
of age, (B) sex distribution, (C) BMI, (D) T-score (lowest value of the
measuring sites), (E) vitamin D, and (F) PTH. The dashed lines of
the truncated violin plots represent the median and quartiles.
P-values are given above the diagrams.
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with an abnormal bone microarchitecture measured at pe-
ripheral skeletal sites, despite having similar DXA values3.
Furthermore, DXA did not represent local bone structure in
patients with osteoporosis35. Although these collective re-
sults indicate a limited value of DXA in the context of re-
vision spine surgery, DXA also remains the global gold
standard in the diagnosis of osteoporosis, with national
guidelines on decisions regarding anti-osteoporotic therapy
being made based on this technique.

There are some limitations of our study. While the total
number of patients included was high, the retrospective,
cross-sectional study design did not allow precise informa-
tion on the predictive value of the measured parameters such
as DXA and laboratory values on certain skeletal compli-
cations. In the case-control setup of patients indicated for
revision surgery, only group comparisons could be made, but
these cross-sectional data do not allow further calculations.
Another limitation is that in the subgroup of patients with
complications after fusion, the DXAvalues of the spine could
only be used in a small number of cases. Thus, it is possible
that certain local changes in bone quality were not adequately
reflected in some patients, as only hip measurements were
included in the categorization of osteoporosis.

Conclusion

In patients scheduled for elective lumbar spine surgery, a
relevant risk of osteoporosis was demonstrated. In terms of
clinical decision making, these findings are relevant as they
raise the awareness of underdiagnosed osteoporosis in patients
prior to elective spine surgery, suggesting that preoperative
DXA measurement should be considered in these patients,
especially those with risk factors. In patients with low BMD
(ie, osteoporosis) adequate bone-specific therapy should be
initiated to reduce the risk of skeletal complications, and the
surgical strategy should be adapted. However, our results also
highlight that patients with skeletal-related complications may
be inadequately identified by DXA, suggesting that other high-
resolution techniques should be considered in this context.
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Table 4. DXA and laboratory results in patients undergoing revision surgery due to skeletal vs non-skeletal complications.

Parameter Skeletal (n=31) Non-Skeletal (n=38) P-value

DXA results
BMD left hip (g/cm2) .92 (.87 to 1.00) .96 (.88 to 1.03) .88
T-score left hip -.8 (-1.1 to -.2) -.5 (-1.0 to .10) .88
BMD right hip (g/cm2) .92 (.84 to 1.00) .94 (.85 to .99) .96
T-score right hip -.9 (-1.4 to -.1) -.6 (-1.4 to -.2) .83
BMD lumbar spine (g/cm2) 1.15 (.96 to 1.40) 1.08 (.93 to 1.23) .21
T-score lumbar spine -.5 (-2.0 to 1.7) -.8 (-1.9 to .2) .35
T-score lowest -1.2 (-1.9 to -.5) -.9 (-1.6 to -.5) .85
Osteopenia (%) 12 (38.7%) 14 (36.8%) .87
Osteoporosis (%) 5 (16.1%) 4 (10.5%) .49
- Diagnosed before? 4/5 (80.0%) 3/4 (75.0%)

Laboratory

Calcium (mmol/l) 2.29 (2.24 to 2.35) 2.31 (2.25 to 2.36) .54
25-OH-D3 (nmol/l) 72.4 (34.0 to 97.7) 65.2 (35.4 to 92.9) .69
- Vitamin D deficiency (n, %) 14 (45.2%) 16 (42.1%) .80
PTH (pmol/l) 4.98 (3.77 to 6.10) 5.17 (4.10 to 6.66) .33
- HPT (n, %) 2 (6.5%) 5 (13.2%) .36
Phosphate (pmol/l) 3.00 (2.60 to 3.40) 3.10 (3.00 to 3.30) .54
ALP (U/l) 78.5 (73.0 to 91.0) 78.5 (70.0 to 88.0) .72
Creatinine (mg/dl) .80 (.70 to .86) .78 (.73 to .85) .71
CRP (mg/dl) .1 (.1 to .3) .2 (.1 to .6) .80
Leukocytes (G/l) 7.1 (6.6 to 7.9) 7.8 (7.0 to 8.3) .46
Hemoglobin (g/dl) 13.2 (12.4 to 13.9) 13.0 (12.4 to 13.5) .44

Results are presented as median with 95% confidence intervals or n (%). HPT: hyperparathyroidism.
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