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Combined vitamin K, and D,
therapy improves endoscopic
fusion outcomes in osteoporotic
lumbar degenerative disease: a
prospective study
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The efficacy of combined vitamin K, and D, therapy on bone fusion outcomes following endoscopic
lumbar surgery in osteoporotic patients remains unclear. This prospective study investigated the
effects of combined vitamin K, and D, supplementation on fusion outcomes in osteoporotic patients
undergoing endoscopic lumbar interbody fusion. Seventy-one patients were divided into two groups:
the experimental group (n =36) received vitamin K, (45 mg/day), vitamin D, (250 IU/day), and calcium
(1.2 g/day), while the control group (n =35) received only vitamin D, (250 IU/day) and calcium (1.2 g/
day) for 6 months postoperatively. The primary outcome was fusion rate assessed by CT and dynamic
radiography. At 6 months postoperatively, the VK, +VD, group showed significantly higher complete
fusion rates compared to the control group (91.67% vs. 74.29%, P=0.044). Serum P1NP levels were
significantly higher in the VK, +VD, group at 3 months postoperatively (P=0.001). Both groups showed
comparable improvements in clinical outcomes (JOA-BPEQ and ODI scores). While BMD changes

were not statistically significant between groups, the VK, +VD, group showed a trend toward BMD
improvement. These findings suggest that combined vitamin K, and D, supplementation may enhance
early fusion outcomes in osteoporotic patients undergoing endoscopic lumbar interbody fusion,
potentially offering a simple and effective adjunct therapy for improving surgical outcomes.
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As life expectancy increases and birth rates decline, global population aging becomes more severe, leading to an
increasing prevalence of primary osteoporosis'. According to statistics, in China, the prevalence of osteoporosis
among individuals aged 65 years and older is as high as 32.0%, and the proportion of low bone mass among
those aged 50 years and older is 46.4%. Consequently, the proportion of elderly patients with low bone mass or
osteoporosis among those with lumbar degenerative diseases (e.g., lumbar disc herniation, spinal stenosis, and
spondylolisthesis) is also increasing. Currently, spinal fusion surgery is an effective method for treating severe
lumbar degenerative diseases, as it can relieve spinal cord or nerve root compression, alleviate clinical symptoms,
and restore spinal stability through intervertebral fusion®=>. In recent years, endoscopic lumbar interbody fusion
(ELIF) has gradually replaced traditional open fusion surgery due to its advantages of minimal invasiveness,
faster recovery, and fewer complications®’. However, in patients with osteoporosis, the significant reduction in
bone quality and density poses numerous challenges to endoscopic intervertebral fusion, including low fusion
rates, bone graft collapse, loosening of internal fixation, and pseudoarthrosis formation®. These issues not only
affect the long-term surgical outcomes but also increase the need for reoperation. Therefore, improving the bone
fusion rate in osteoporotic patients following endoscopic lumbar interbody fusion has become an important
topic in clinical research.

Vitamins K, and D, play crucial roles in bone metabolism. Vitamin K,, particularly its subtype MK-7, acts as
a cofactor for y-glutamyl carboxylase. This enzyme is involved in the y-carboxylation of bone matrix proteins,
such as osteocalcin. This process enhances the calcium-binding capacity of these proteins, promoting calcium
deposition in bones and thereby increasing bone density’. In the body, vitamin D, is converted to its active
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form, 1,25-dihydroxyvitamin D,, which promotes the absorption of calcium and phosphorus. This maintains
blood calcium levels and supports bone mineralization'’. Studies have found that combining vitamins K, and
D, in the treatment of osteoporosis may have additive or synergistic effects'>!2. Moreover, this combination is
cost-effective and could serve as a simple and effective adjunct therapy to improve surgical outcomes and patient
prognosis.

Currently, systematic clinical research on the impact of combined vitamin K, and D, treatment on spinal
fusion outcomes following endoscopic lumbar surgery is lacking. Therefore, this study aims to evaluate the
effects of combined vitamin K, and D, treatment on fusion rate, bone metabolism, bone density, and clinical
symptoms in osteoporotic patients with lumbar degenerative disease undergoing endoscopic interbody fusion.
This study seeks to provide a new adjunct therapeutic strategy for spinal endoscopic surgery.

Materials and methods

Ethical statement

This prospective, non-randomized controlled clinical trial was conducted. The protocol was approved by the
Medical Ethics Committee of Shandong Wendeng Orthopedic Hospital (Approval Number: LL20210902) and
registered with the Chinese Clinical Trial Registry on 16/01/2025 (Registration Number: ChiCTR2500096051).
All patients provided written informed consent. We confirm that all methods were conducted in accordance
with relevant guidelines and regulations.

Patient selection and study measures

Between October 2021 and October 2023, patients were recruited from the Department of Minimally Invasive
Spine Surgery at Shandong Wendeng Orthopedic Hospital. After strict screening based on inclusion and
exclusion criteria, 77 patients were enrolled. Patients were non-randomly allocated to two groups based on
patient preference, economic factors (as vitamin K, was not covered by insurance), and clinical judgment
considering factors such as T-score severity, patient-reported pain and disability (JOA-BPEQ and ODI scores),
and the degree of nerve compression observed on imaging. During the follow-up period, six participants
dropped out. Five patients refused outpatient examinations and could not be followed up, and one patient in
the control group withdrew due to an acute cerebral hemorrhage three months after surgery. Ultimately, the
experimental group (VK,+VD,) included 36 patients who received vitamin K, (45 mg/day), chosen based on
prior studies demonstrating efficacy in osteoporosis without adverse effects, along with vitamin D, (250 IU/
day) and calcium (1.2 g/day). The control group included 35 patients who received vitamin D, (250 IU/day)
and calcium (1.2 g/day) as basic treatment. All medications were administered starting 1 week after surgery and
continued for six months. Patients were advised to maintain usual diet and sunlight exposure, though these were
not strictly controlled. All enrolled patients underwent single-channel endoscopic lumbar interbody fusion with
percutaneous pedicle screw fixation, performed by the same experienced deputy chief physician. A single PEEK
cage and autologous laminectomy bone were used for intervertebral fusion.No other bone graft substitute were
applied.

Inclusion criteria: (1) Patients aged between 50 and 80 years; (2) Patients diagnosed with lumbar spinal
stenosis, degenerative spondylolisthesis, or isthmic spondylolisthesis based on clinical symptoms and imaging
findings from MRI, CT, and X-ray examinations; (3) Patients confirmed to have osteoporosis (T-score <-2.5)
via dual-energy X-ray absorptiometry (DXA), based on relative guidelines; (4) Patients in whom conservative
treatment was ineffective and who require single-channel endoscopic lumbar interbody fusion with percutaneous
pedicle screw fixation.

Exclusion criteria: (1) Patients with a history of previous lumbar surgery or requiring multi-level lumbar fusion;
(2) Patients who have been using medications that affect bone metabolism long-term (e.g., bisphosphonates,
PTH analogs); (3) Patients who are allergic or intolerant to vitamin K, or D,; (4) Patients currently undergoing
warfarin treatment were excluded due to the potential interaction between warfarin and vitamin K, which
could affect the anticoagulant effect of warfarin and increase the risk of bleeding or thromboembolic events; (5)
Patients with severe cardiovascular or pulmonary diseases that preclude surgical tolerance.exhibited secondary
osteoporosis due to metabolic disorders, chronic corticosteroid use, or other underlying conditions.

Evaluation of intervertebral fusion

At 3 and 6 months postoperatively, osseous union was assessed by three independent, blinded physicians using
dynamic radiography and three-dimensional computed tomography (CT) scans. In case of disagreement, a
consensus was reached through discussion. Fusion grading was performed according to the system of Bridwell
et al.13. Bone formation was categorized into three grades: Grade I, bridging bone bonding with both adjacent
vertebral bodies (1 point); Grade II, bridging bone bonding with either the superior or inferior vertebral body
(2 points); and Grade III, incomplete bony bridging (3 points). Osseous fusion was evaluated using two CT
slices: the central slices of the cage in both coronal and sagittal views. Complete intervertebral osseous fusion
was defined as segmental angular motion less than 5° on dynamic X-ray images and the presence of complete
superior and inferior fusions. Based on our previous study, both coronal and sagittal CT slices in the central
cage region were evaluated as Grade I, each receiving a score of 1 (for a total score of 2). Cases with incomplete
intervertebral osseous union were given a total score ranging from 3 to 6.

Evaluation of clinical outcomes

Clinical and neurological symptoms were examined using the Japanese Orthopaedic Association Back Pain
Evaluation Questionnaire (JOA-BPEQ)!* and the Oswestry Disability Index (ODI)!> before surgery and at 3
days, 3 months, and 6 months postoperatively. The JOA-BPEQ is composed of several parameters—subjective
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Variables VK, +VD, Group (n=36) | Control Group (n=35) | P value
Age (years) 54.7 +8.2(50-72) 55.2+9.4(50-74) 0.812
Male/female 11/25 12/23 0.737
BMI(kg/m?) 25.37+4.19(17.0-33.8) 26.04+4.52(17.1-35.1) | 0.519
Disease 0.146
Lumbar spinal stenosis without spondylolisthesis | 20 25

Degenerative spondylolisthesis 7 4

Isthmic spondylolisthesis 9 6

surgical segment 0.752
L3-4 2 1

L4-5 21 23

L5/81 13 11

Femoral BMD(T-score)

Femoral neck —2.58+0.83 -2.56+0.88 0.919
Total proxima -2.18+1.01 —-2.09+0.96 0.731

Table 1. Baseline characteristics of the patients.

Classification (3/6 Months Postop) | VK, + VD, Group (n=36) | Control Group (n=35) | P value (3 months) | P value (6 months)
31(86.11%)/33(91.67%) 23(65.71%)/26(74.29%)
5(13.89%)/3(8.33%) 12(34.29%)/9(25.71%)

Complete fusion, N (%) 0012 0.044

Incomplete fusion, N (%)

Table 2. Intervertebral Fusion Rates at 3 and 6 Months Postoperatively.

symptoms, clinical signs, daily activity limitations, and bladder function—scored from 0 (worst) to 29 (best)
points.

Assessment of osteoporosis

To evaluate bone metabolism, laboratory tests measured the serum concentrations of procollagen type I
N-terminal propeptide (PINP) and C-terminal telopeptide (B-CROSS) in non-fasting states at baseline
(preoperatively) and at 3 months postoperatively. PINP and f-CROSS serve as biomarkers for bone formation
and bone resorption, respectively'®. Femoral neck bone mineral density (BMD) was measured using dual-energy
X-ray absorptiometry (DXA) before surgery and at 6 months postoperatively.

Adverse events
Safety was investigated by the reporting of adverse events. Any reports of serious adverse events required patients
to be withdrawn from the study.

Statistical analysis

Statistical analyses were performed using SPSS for Windows (version 20.0, IBM SPSS Inc., Chicago, USA). A
sample size of 70 patients (35 per group) was estimated to detect a 20% difference in fusion rates with 80% power
and a=0.05, based on previous studies. Quantitative data were presented as mean + standard deviation and
compared using the t-test for inter-group differences and one-way ANOVA for time-point comparisons within
groups. Categorical data were compared using the Chi-square test. A p-value less than 0.05 was considered
statistically significant.

Results

Seventy-seven participants were screened, with 71 completing the six-month follow-up (36 in the VK, +VD,
group and 35 in the control group). There were no significant differences between the two groups in terms of
age, sex, BMI, disease type, or surgical segment (Table 1). No postoperative complications related to lumbar
interbody fusion were reported in either group, including pseudoarthrosis, cage migration, or pedicle screw
fracture or loosening.

Analysis of fusion rate

Intervertebral fusion rates differed significantly between the VK, + VD, group and the control group (Table 2).
At 3 months postoperatively, complete fusion was achieved in 31 patients (86.11%) in the VK, + VD, group,
compared to 23 patients (65.71%) in the control group. At 6 months postoperatively, complete fusion was
achieved in 33 patients (91.67%) in the VK2 + VD3 group, while 26 patients (74.29%) in the control group
achieved complete fusion. At both 3 and 6 months postoperatively, the VK, + VD, group had significantly higher
complete fusion rates compared to the control group (P=0.012 and P=0.044, respectively). Representative cases
from both groups are shown in Fig. 1A-H.
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Fig. 1. Representative Cases Based on 3D CT Assessment. (A-D) A 68-year-old female patient from the
VK, + VD, group with L4 spondylolisthesis, presenting with right lower limb pain and low back pain. (A and
B) 3 months postoperatively; (C and D) 6 months postoperatively. (E-H) A 70-year-old female patient from
the control group with L4-L5 spinal stenosis, presenting with bilateral lower limb stiffness and low back pain.
(E and F) 3 months postoperatively; (G and H) 6 months postoperatively.

Time | VK, + VD, group (n=36) | Control group (n=35) | P value
JOA-BPEQ

Preoperative 8.13+1.32 7.89+1.54 0.507
3 days postoperative 19.54+1.96* 19.72+1.98* 0.732
3 months postoperative | 24.89+1.11% 25.01+1.09* 0.611
6 months postoperative | 25.82+0.88* 25.94£0.92* 0.610
ODI

Preoperative 45.60+11.15 46.01+£11.53 0.894
3 days postoperative 14.71+4.38* 15.02+4.67* 0.755
3 months postoperative | 10.93 +3.82* 11.20+3.93* 0.726
6 months postoperative | 4.88+2.91* 4.91+£2.98% 0.964

Table 3. Clinical outcomes (JOA-BPEQ and ODI Scores) before and after surgery. *P<0.05, comparison of
indicators at each postoperative time point versus preoperative scores.

Analysis of clinical outcomes

Compared to the preoperative status, JOA-BPEQ and ODI scores showed significant improvement at each
postoperative time point in both groups (P<0.05). No significant differences were observed between the two
groups at any time point postoperatively (P> 0.05). See Table 3, Figs. 2 and 3 for further details.
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Fig. 2. Histograms of JOA-BPEQ Scores (P>0.05, comparison between the two groups).

80+
B VK,+VD, Group

60-1
B Control Group

ODI
:

e
0,
7
¢

The change of ODI index in the VK,+VD, and Control group

Fig. 3. Histograms of ODI Scores (P> 0.05, comparison between the two groups).
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Analysis of bone density and bone metabolism markers

The changes in BMD are shown in Table 4 and Fig. 4A-C. Preoperatively, there were no significant differences in
BMD at the femoral neck and total hip between the two groups (P=0.684 and 0.894, respectively). At 6 months
postoperatively, femoral neck BMD increased by 3.17% in the VK, + VD, group (P=0.278), while it decreased by
1.61% in the control group (P=0.604). Total hip BMD increased by 3.95% in the VK, + VD, group (P=0.174),
while it decreased by 2.62% in the control group (P=0.479). There were no significant differences in femoral
neck and total hip BMD between the preoperative and 6-month postoperative values within each group, nor
were there significant differences between the two groups at 6 months postoperatively (P=0.170 and 0.130,
respectively).

The changes in bone metabolism markers are shown in Table 4 and Fig. 5A,B. Preoperatively, there were
no significant differences in serum PINP and -CROSS levels between the two groups (P=0.931 and 0.831,
respectively). However, at 3 months postoperatively, serum PINP levels in the VK, + VD, group significantly
increased compared to the control group (P=0.010). Serum B-CROSS levels decreased slightly in both groups,
but the difference was not statistically significant (P=0.500).

Discussion

In this prospective clinical trial, we investigated the effects of combined vitamin K, and D, treatment on bone
fusion rate, bone density, bone metabolism, and clinical outcomes in patients with osteoporosis undergoing
endoscopic lumbar interbody fusion (ELIF). The results demonstrate that, compared with the control group, the
VK, + VD, group exhibited significantly higher fusion rates and more favorable changes in bone metabolism
markers. These findings provide new insights into adjunctive treatments for spinal endoscopic fusion in patients
with osteoporosis.

The primary findings of this study are that the VK, + VD, combined treatment group exhibited significantly
higher intervertebral fusion rates at 3 and 6 months postoperatively. Specifically, the fusion rates in the
VK, +VD, group were 86.11% and 91.67% at 3 and 6 months, respectively, compared to 65.71% and 74.29%
in the control group (P=0.012 and 0.044, respectively). The fusion rates observed in our study, particularly
in the VK, + VD, group, are higher than those reported in some previous studies'”'®. This difference may be
attributed to the inherent advantages of the endoscopic lumbar interbody fusion (ELIF) approach. Compared to
traditional open surgery, ELIF is characterized by significantly less soft tissue trauma, reduced blood loss, faster
patient recovery, and potentially more thorough endplate preparation. This meticulous endplate preparation,
which is crucial for successful fusion, may create a more favorable environment for bone graft integration and
new bone formation. In addition to the benefits conferred by the ELIF technique, the improved fusion rates can
also be attributed to the synergistic effects of vitamins K, and D, on bone metabolism. Vitamin K, as a cofactor
for y-glutamyl carboxylase, enhances the y-carboxylation activity of bone matrix proteins such as osteocalcin,
increasing their ability to bind calcium ions and promoting the deposition of calcium into the bone matrix with
hydroxyapatite crystals'’. Meanwhile, vitamin D, upregulates the expression of calcium-binding proteins and
osteogenic-related transcription factors, creating an optimal environment for bone mineralization?’. Together,
these vitamins act on multiple targets in the bone remodeling process, enhancing the formation and quality of
new bone. Additionally, vitamins K, and D, may modulate the inflammatory microenvironment of bone tissue,
reducing the production of inflammatory mediators, promoting tissue repair, and accelerating postoperative
healing, thereby reducing the risk of complications such as pseudoarthrosis and loosening of internal fixation?!.

Zhang et al.* evaluated the effects of combined vitamin K, and D, treatment on early fusion rates in
patients with reduced bone mass or osteoporosis undergoing transforaminal lumbar interbody fusion (TLIF)
or posterior lumbar interbody fusion (PLIF). The study included 78 patients, and the results showed that at 6
months postoperatively, the complete fusion rate in the VK, + VD, group was significantly higher than in the
control group (91.18% vs. 71.43%, P=0.036). Koshihara et al.>* confirmed in an animal model that vitamin
K, supplementation can enhance bone mineralization, and our study further provides clinical evidence of its
synergistic effects in osteoporotic patients undergoing fusion surgery. In contrast, the control group, which

Time ‘ VK, + VD, Group (n=36) | Control Group (n=35) | P value
Femoral neck BMD (g/cm?)

Preoperative 0.63+0.12 0.62+0.11 0.684
6 months postoperative | 0.65+0.13 0.61+£0.12 0.170
Total proxima BMD (g/cm?)

Preoperative 0.76+0.18 0.77+0.16 0.894
6 months postoperative | 0.79+0.19 0.75+0.14 0.130
Serum PINP(ug/L)

Preoperative 48.12+19.72 47.73+18.26 0.931
3 months postoperative | 94.32+38.26 67.91+36.56 0.001
Serum B-CROSS (mU/dL)

Preoperative 0.64+0.18 0.63+0.27 0.831
3 months postoperative | 0.62+0.21 0.59+0.24 0.500

Table 4. Comparison of BMD and bone metabolism markers between the two groups.
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received only vitamin D, and calcium as basic treatment, showed some improvement in fusion rates but did
not reach the level of the combined treatment group. This is consistent with the findings of Ravindra et al.?,
who reported that the use of vitamin D, alone has limited effects on bone metabolism, while the combination
with vitamin K, may have a stronger synergistic effect. Some studies, however, have reported less conclusive
results regarding the combined effects of vitamin K, and D,. For example, Yonemura et al.”> observed no
significant additional benefit from combining VK, with VD, in preventing prednisolone-induced BMD loss.
These discrepancies may be attributed to variations in study populations, dosages, treatment durations, outcome
measures, or clinical settings. Therefore, while our findings, along with several others, suggest that combined
vitamin K, and D, supplementation plays a positive role in enhancing early fusion outcomes after ELIF, this study
contributes to the growing body of evidence supporting this approach; however, further research is necessary to
resolve remaining uncertainties in the literature.

In terms of bone metabolism, the VK, + VD, group showed a significant increase in serum procollagen
type I N-terminal propeptide (PINP) levels at 3 months postoperatively (P=0.01), indicating accelerated bone
formation. Although the levels of C-terminal telopeptide of type I collagen B-isomer (f-CROSS) decreased in
both groups, the difference between the groups was not statistically significant (P=0.500). These results suggest
that, during the early postoperative period, the combined treatment primarily exerts its effects by promoting
bone formation rather than significantly inhibiting bone resorption. This likely reflects an initial anabolic effect
of the combined vitamin K, and D, therapy, potentially shifting the bone remodeling balance towards net bone
formation. However, it is important to note that bone remodeling is a complex process, and while our findings
suggest a predominantly anabolic effect at 3 months, longer-term studies are needed to fully elucidate the
sustained effects of the combined treatment on bone turnover balance, including both formation and resorption.
This is consistent with the known mechanisms of vitamins K, and D, in promoting bone matrix synthesis and
mineralization®®. Previous studies have established PINP and B-CROSS as reliable markers of bone turnover,
and the observed changes in these markers further support the effectiveness of the combined vitamin K, and D,
treatment in enhancing bone metabolism, particularly in patients with osteoporosis®’.

Despite the lack of statistically significant differences in BMID between the two groups, the VK, + VD, group
showed a numerical increase in femoral neck and total hip BMD at 6 months postoperatively. Specifically,
femoral neck BMD increased by 3.17% in the VK, + VD, group compared to 1.02% in the control group. Total
hip BMD increased by 3.95% in the VK, + VD, group compared to 1.56% in the control group. The discrepancy
between the improved fusion rates and the lack of significant BMD changes can be attributed to several factors.
First, spinal fusion represents a localized bone healing process occurring specifically at the intervertebral
space, while BMD measurements via DXA reflect systemic, whole-body bone density. The combined vitamin
K, and D, treatment may exert a more pronounced effect on the local microenvironment at the fusion site,
promoting osteoblast activity and new bone formation within the cage and in the immediately surrounding
bone. Second, as changes in BMD typically require a longer duration to become clinically evident?, the 6-month
follow-up period of this study may be insufficient to detect significant differences. It is possible that with longer
observation, differences in BMD might emerge. However, the observed numerical increases are consistent with
the improvements in bone metabolism markers, suggesting that the combined treatment may have long-term
benefits for bone density. This warrants further investigation in studies with extended follow-up periods.

In terms of clinical outcomes, both the VK, + VD, and control groups demonstrated significant improvements
in JOA-BPEQ and ODI scores as early as 3 days postoperatively. Although substantial functional recovery is
unlikely within this short timeframe after lumbar fusion surgery, these early improvements likely reflect the
immediate effects of nerve decompression. The primary goal of the surgery is to alleviate pressure on the
spinal cord and nerve roots, which can result in rapid pain reduction and improved neurological symptoms.
Consequently, the observed changes at 3 days likely represent this immediate post-decompression effect, rather
than significant structural changes associated with the fusion process. Despite these early improvements, no
significant differences in JOA-BPEQ and ODI scores were observed between the groups at any time point.
Although the VK, + VD, group exhibited advantages in bone metabolism and fusion rates, these benefits may
not have fully translated into clinical score differences within the 6-month follow-up period. Bone fusion is
a gradual process, and complete consolidation and remodeling may require longer than 6 months to fully
impact functional outcomes. Previous studies have shown that improved fusion quality and bone metabolism
can lead to better long-term functional recovery?, suggesting the need for extended follow-up to evaluate the
potential clinical advantages of combined vitamin K, and D, treatment in this context. Furthermore, no serious
complications, including pseudoarthrosis, cage migration, or pedicle screw fracture or loosening, were observed
in either group during the postoperative period, suggesting the combined treatment strategy’s safety.

The findings of this study have significant clinical implications for patients with osteoporosis, particularly in
the context of endoscopic lumbar interbody fusion (ELIF). ELIF, with its advantages of minimal invasiveness,
rapid recovery, and fewer complications, is increasingly becoming the primary treatment modality for lumbar
degenerative diseases®®. However, the low bone density and fragility in osteoporotic patients often result in
lower fusion rates, limiting the widespread application of ELIF in this population®.. The combined treatment
of vitamins K, and D,, by significantly improving bone fusion rates and bone metabolism, provides strong
support for enhancing the surgical outcomes in these patients. This not only enhances the efficacy and safety of
ELIF in osteoporotic patients but also promotes its broader application in this high-risk population. Moreover,
vitamins K, and D, are cost-effective, safe, and well-tolerated by patients. Compared with other expensive
anti-osteoporosis medications such as bisphosphonates or biologics, the combined treatment offers significant
economic advantages. This makes it a more accessible and practical option for improving the surgical outcomes
and overall quality of life in patients with osteoporosis®.

Despite the positive clinical and metabolic outcomes, several limitations warrant consideration. The non-
randomized, single-center design introduces a risk of selection bias. Patients were allocated based on baseline
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condition, preference, and economic factors, potentially leading to unmeasured differences between groups that
could overestimate the treatment effect. The small sample size (n=71) limits statistical power and generalizability,
increasing the risk of Type II error. The 6-month follow-up, while adequate for early fusion assessment, is
insufficient for long-term evaluation of BMD, fracture risk, or clinical outcomes, as bone remodeling is a slow
process. Uncontrolled factors like diet and sun exposure could also confound the results.Furthermore, we did not
systematically differentiate between primary and secondary osteoporosis, which could influence the response to
vitamin K, and D, supplementation. Finally, the applicability to patients with other systemic diseases or more
severe osteoporosis requires further investigation. Future research should address these limitations through
larger, multi-center, randomized controlled trials with longer follow-up and rigorous control of confounding
variables. Additionally, investigating the potential synergistic effects of combining vitamin K, and D, with other
anti-osteoporotic medications, such as teriparatide, bisphosphonates, denosumab, or romosozumab, could be
particularly beneficial, especially in patients with greater bone remodeling potential.

Conclusion

Combined vitamin K, and D, treatment significantly improved early bone fusion rates in osteoporotic patients
undergoing endoscopic lumbar interbody fusion for lumbar degenerative diseases. This treatment also positively
affected bone formation markers, although its long-term effects on bone mineral density remain to be determined.
While appearing economical and potentially effective as an adjunctive therapy, further research, specifically
randomized controlled trials, is crucial to confirm its long-term efficacy, safety, and optimal application in the
perioperative management of osteoporotic patients.
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The datasets generated during and/or analysed during the current study are available from the corresponding
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