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Abstract

Background: Vitamin D is crucial in musculoskeletal health, bone
metabolism, and implant integration. Deficiency is common among
patients undergoing total hip arthroplasty and may affect functional
outcomes and osseointegration. Optimizing preoperative vitamin D could
improve recovery and implant success in cementless THR.

Methods: A retrospective multicenter cohort study was carried out across
SCB Medical college and IMS & SUM hospital in Odisha, India, from
January 2024 to August 2025, including 258 patients undergoing cementless
THR. Preoperative vitamin D levels were measured, and supplementation
was provided for deficient or insufficient patients. Functional outcomes,
radiographic osseointegration, and post-operative complications were
assessed at 6 weeks and 3 months.

Results: Vitamin D deficiency was observed in 38% of patients, with
only 27.1% being sufficient. Patients with sufficient vitamin D had higher
baseline functional scores and better osseointegration (94.3%) compared
to deficient patients (81.6%). Deficient patients also showed a higher
trend of post-operative complications such as delayed healing and implant
loosening.

Conclusion: Preoperative vitamin D deficiency is more common in
patients undergoing cementless THR and is associated with lower baseline
function, suboptimal osseointegration, and increased complication risk.
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to compromise implant fixation and long-term success
[8,9]. In response, several centers have introduced pre-
operative vitamin D optimization strategies, demonstrating
improvements in joint-related symptoms and pain relief
prior to surgery [10—13]. Moreover, postoperative vitamin
D supplementation has been proposed to provide additional
benefits in terms of functional recovery, patient satisfaction,
and quality of life [12-14].

Despite this, the true burden of vitamin D deficiency
in patients undergoing TJA remains inconsistent across
studies. Reports from Europe and the United States describe
prevalence rates ranging from 15% to 86% among individuals
with osteoarthritis or scheduled for joint replacement [7,15-
17]. Importantly, a predominant number of these studies have
only assessed White populations, whereas existing evidence
reveals that Black patients may experience vitamin D
deficiency at rates 15-20 times higher, contributing to worse
musculoskeletal outcomes [4,5]. Further variability arises
from differences in how deficiency has been defined, though
recent guidelines have standardized the classification as <12
nmol/L for deficiency and 12-30 nmol/L for insufficiency
[19,20]. This study intends to examine whether pre-operative
vitamin D optimization enhances osseointegration and
early functional outcomes in cementless THR, while also
examining its relationship with patient-reported outcomes
and short-term post-operative complications in a diverse
surgical population.

Methods
Study design

This was a retrospective comparative cohort investigation
designed to examine the effect of pre-operative vitamin D
optimization on functional outcomes and osseointegration in
cementless THR. Institutional Ethics Committee approvals
were obtained from all participating centers, with waiver of
informed consent due to the retrospective nature of the study.
Clinical charts and radiographs were reviewed to collect pre-
operative, peri-operative, and post-operative data along with
vitamin D treatment records.

Study setting and duration

e The multicentric study was conducted across two
institutions: SCB Medical College, Cuttack and IMS &
SUM hospital in Odisha, India.

* The study duration was from January 2024 to August
2025

Sample size and participants

A total of 258 patients undergoing cementless THR
were included. Patients aged 18 years and above undergoing
elective primary arthroplasty were eligible. Exclusion
criteria included revision surgeries for infection (only
aseptic revisions included), arthroplasty for acute trauma or
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malignancy, incomplete medical or radiographic records, and
loss to follow-up before 3 months. Patients were evaluated at
baseline, 6 weeks, and 3 months post-operatively.

Variables

* Pre-operative: demographic details (age, sex, BMI,
smoking/alcohol  status, comorbidities), primary
diagnosis, baseline serum 25(OH)D levels, and functional
scores (Oxford Hip Score/Oxford Knee Score)

* Peri-operative: surgical procedure, implant type
(cementless press-fit), operative time, intraoperative
blood loss, and hospital stay

* Post-operative: functional outcome scores at 6 weeks
and 3 months, radiographic evidence of osseointegration
(early signs of implant stability and absence of radiolucent
lines), and complications including wound healing
problems, prosthetic joint infection, re-operation, or
readmission

Vitamin D supplementation protocol

All patients underwent pre-operative serum 25(OH)D
testing. Supplementation was prescribed as per institutional
protocol:

* Deficient patients (<12 nmol/L): 60,000 IU
cholecalciferol orally once weekly for 6 weeks.

* Insufficient patients (12-30 nmol/L): 1,000 IU

cholecalciferol orally daily for 6 weeks.
» Sufficient patients (>30 nmol/L): no supplementation.

Supplementation began at least two weeks before surgery
whenever feasible, and compliance was reinforced during
pre-anesthetic evaluations.

Data sources and management

Data were retrieved from hospital electronic health
records and patient files. Functional outcome scores (Oxford
Hip score/Oxford Knee Score, range 0—48) were documented
numerically. Vitamin D levels were measured using
chemiluminescence immunoassay. Radiographic evaluation
of osseointegration was independently performed by two
orthopaedic surgeons blinded to vitamin D status. Post-
operative complications were categorized as binary outcomes
(yes/no).

Statistical analysis

SPSS v20 was used to analze the data with p value < 0.05
considered statistically significant.

Results

The study cohort encompassed 258 patients undergoing
THR. The mean age was slightly higher in the women
(62.3 = 8.4 years) compared to men (60.2 = 7.9 years).
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The overall gender distribution showed a slight female
predominance (138 females vs. 110 males). BMI values
reported a mean of 26.8 + 3.5 kg/m? across the cohort.
Vitamin D deficiency was prevalent with 39.4% of all patients
having deficient levels and an additional 34.1% categorized
as insufficient. Only 26.5% of participants had sufficient
vitamin D at baseline, highlighting a significant burden
of hypovitaminosis D in this surgical population (Table 1,
Figure 1).

At baseline, patients with sufficient vitamin D reported
higher functional scores (45.3 & 6.7) compared to those with
insufficient (42.1 £ 6.9) and deficient levels (38.2 = 7.6),

Table 1: Baseline Characteristics of Participants.
THR (n=258)
61.4+8.2
60.2 £ 7.9 years
62.3 £ 8.4 years

Variable

Age (years, mean + SD)

Mean age of males

Mean age of females

Gender (Male/Female) 110/138
BMI (kg/m?, mean + SD) 26.8+3.5
Vitamin D Deficient (%) 39.4%
Vitamin D Insufficient (%) 34.1%
Vitamin D Sufficient (%) 26.5%
160
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Figure 1: Patient distribution by gender.

with differences being statistically significant (p < 0.001).
This suggests that vitamin D sufficiency is associated with
better pre-operative musculoskeletal function and quality of
life. Interestingly, although patients with sufficient vitamin
D had the highest absolute scores post-operatively at 6
months, the greatest improvement was noted in the deficient
cohort (+34.4 points), in contrast to insufficient (+32.2) and
sufficient (+29.8) (Table 2, Figure 2).

Radiographic assessment revealed that osseointegration
was most successful in the vitamin D sufficient group, with
94.3% achieving integration compared to 88.9% in the
insufficient group and 81.6% in the deficient group (p =
0.041). The higher rate of non-integration among deficient
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Table 2: Patient-Reported Outcome Measures (PROMs) by Vitamin
D Status.

PROMs Deficient | Insufficient | Sufficient

(Mean # SD) (n=98) (n=90) (n=70) | P-value
Baseline Score | 38.2+7.6 421+6.9 | 45.3+6.7 | <0.001
6-Month Score | 72.6 + 8.4 743+81 | 751+79 | 0.032

Mean +34.4 +32.2 +298 | 0.018

Improvement
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Figure 2: Patient-Reported Outcome Measures (PROMs) by
Vitamin D Status.

patients (18.4%) highlights a clinically significant concern.
Inadequate osseointegration may predispose these patients
to chronic complications like implant loosening and early
revision (Table 3, Figure 3).

Post-operative complications were observed across all
vitamin D groups, but with a trend toward higher frequencies
in the deficient group. Superficial infections were reported in

Table 3: Radiological Osseointegration at 12 Months.

Vitamin D Status

Osseointegration

Non-Integration

Achieved (%) (%)
Deficient (n=98) 81.6% 18.4%
Insufficient (n=90) 88.9% 11.1%
Sufficient (n=70) 94.3% 5.7%
p-value 0.041

Sufficient (n=70)

Insufficient (n=90)

Deficient (n=98)

Il

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

m Non-Integration (%)

m Osseointegration Achieved (%)

Figure 3: Radiological Osseointegration at 12 Months.
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6.1% of deficient patients, compared to 4.4% and 2.9% in
the insufficient and sufficient groups, respectively. Similarly,
delayed wound healing occurred more often in deficient
patients (8.2%), suggesting impaired tissue recovery in
the presence of low vitamin D. Implant loosening, though
rare, was only observed in deficient (2%) and insufficient
(1.1%) patients, while none occurred in the sufficient group
(Table 4).

Discussion

The present study observed a high prevalence of vitamin
D deficiency and insufficiency among patients undergoing
THA, with 38% of participants classified as deficient and an
additional 34.9% as insufficient. This aligns with findings
from a systematic review indicating that 13% to 75% of
patients undergoing total joint arthroplasty (TJA) have
vitamin D deficiency [21]. However, the optimal threshold
for vitamin D levels remains a subject of debate, as some
studies suggest that levels above 20 ng/mL may be sufficient
for bone health [21,22].

In terms of functional outcomes, the present study found
that patients with sufficient vitamin D levels reported higher
baseline patient-reported outcome measures (PROMs) scores
compared to those with insufficient or deficient levels. This
is consistent with research indicating that low preoperative
vitamin D levels are associated with lower baseline PROMs
[23]. Interestingly, the greatest improvement in PROMs
scores postoperatively was observed in the deficient group,
suggesting that its supplementation may have a more
pronounced effect in patients with lower baseline levels.
This finding is in line with a study that reported improved
functional outcomes following vitamin D supplementation in
individuals with deficiency of that vitamin [23].

Regarding radiological outcomes, the present study
demonstrated that osseointegration rates were greatest in
the vitamin D sufficient group, supporting the notion that
this vitamin plays a critical role in bone healing and implant
fixation. This is corroborated by research indicating that
deficiency of this vitamin resulted in lower osseointegration
rates and increased risk of periprosthetic joint infection [24].
The higher rate of non-integration among deficient patients in
the present study highlights a clinically significant concern,
as inadequate osseointegration may predispose these patients
to long-term complications such as implant loosening and
early revision.

The present study also observed a trend toward higher
frequencies of postoperative complications, including
superficial infections and delayed wound healing, in the
vitamin D deficient group. This is consistent with findings
from other studies that have reported an increased risk of
postoperative complications, including periprosthetic joint
infection, in patients with low preoperative vitamin D levels
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[22,25].

The present investigation, being retrospective in nature, is
subject to inherent biases related to data collection and patient
selection. The follow-up period was also relatively short (3
months), limiting the ability to assess the chronic implant
survival and functional outcomes. Additionally, while we
accounted for vitamin D supplementation, compliance and
exact serum level changes post-supplementation were not
systematically monitored. Future research should focus on
prospective, randomized controlled trials with longer follow-
up to evaluate the optimal dosing and timing of vitamin D
supplementation, its sustained impact on osseointegration,
and the reduction of postoperative complications in diverse
patient populations.

Conclusion

The study demonstrates that preoperative vitamin D
deficiency is highly prevalent among patients undergoing
total hip arthroplasty and is associated with lower baseline
functional scores, reduced rates of osseointegration, and a
higher trend of postoperative complications. Optimizing
vitamin D levels prior to surgery appears to improve
functional recovery, enhance implant integration, and
potentially reduce the risk of complications. These findings
underscore the importance of routine preoperative screening
and supplementation of vitamin D as a key component of
patient optimization in cementless THR.
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