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Abstract: Vitamin D may have an important role in pain perception.

Inadequate vitamin D levels are associated with suboptimal recovery

after surgery. However, the effects of hypovitaminosis D on post-

operative pain-related outcomes and its impact on health-related quality

of life after surgery are not well understood. The objective of this study

was to determine the effects of hypovitaminosis D on postoperative

pain-related outcomes and health-related quality of life at 3 months after

knee arthroplasty.

This was a longitudinal cohort study of 191 consecutive Hong Kong

Chinese patients who were given patient-controlled morphine analgesia

for up to 72 hours after 214 knee arthroplasties. Serum total 25-hydro-

xyvitamin D (25-OHD) concentration was assessed by liquid chroma-

tography-tandem mass spectrometry. The primary outcomes were

postoperative pain intensity at rest scores (0–72 h), Western Ontario

and McMaster Universities (WOMAC) osteoarthritis index (pain, stiff-

ness and function), and moderate-to-severe persistent pain (transformed

WOMAC pain score of 0–75 at 3 months after knee arthroplasty; 0,

extreme pain; 100, no pain). Group differences were analyzed using

generalized estimating equation models and a logistic regression model.

The prevalence of preoperative hypovitaminosis D (25-OHD

<50 nmol/L) was 44% (95% confidence interval [CI]: 37%–51%).
g Chan, MBBS, FH hesiology),
and Tony Gin, MD, FHKAM (Anaesthesiology)

WOMAC index (P¼ 0.22). The incidence of moderate-to-severe per-

sistent pain was 9% (95% CI: 6%–14%). Hypovitaminosis D increased

the risk of moderate-to-severe persistent pain (adjusted odds ratio 2.64,

95% CI: 1.03–6.77).

Preoperative hypovitaminosis D had subtle effects on pain intensity

scores in the early postoperative period and is a risk factor for moderate-

to-severe persistent pain after knee arthroplasty. Hypovitaminosis D

was not associated with worse health-related quality of life at 3 months

after knee arthroplasty.

(Medicine 94(42):e1812)

Abbreviations: 25-OHD = 25-hydroxyvitamin D, 95% CI = 95%

confidence interval, ASA = American Society of Anesthesiologists,

AUROC = area under the receiver operating characteristic curve,

BMI = body mass index, EQ-5D = European Quality of Life-5

Dimensions, HL = Hosmer-Lemeshow, IQR = interquartile range,

IVPCA = intravenous patient-controlled analgesia, MD = mean

difference, OR = odds ratio, PACU = postanesthesia care unit, QoR

= Quality of Recovery, TOTPAR = area under pain relief curve,

WOMAC = Western Ontario and McMaster Universities.

INTRODUCTION

A dequate cutaneous and dietary vitamin D levels are necess-
ary for optimal health.1 Inadequate exposure to sunlight

from sedentary lifestyle, rapid urbanization and high air pol-
lution, and a low vitamin D Chinese diet have contributed to a
high prevalence (63%) of vitamin D insufficiency in elderly
subjects living in Hong Kong (latitude 22.3 N).2

Vitamin D may have an important role in pain perception
and propagation due to its anti-inflammatory and immune-
modulatory effects.3 Although the causal role of low vitamin
D on pain due to osteomalacia is well recognized,4 the com-
bination of surgery and hypovitaminosis D may be deleter-
ious.3,5 Several studies have shown an association between
hypovitaminosis D and suboptimal functional recovery after
joint arthroplasty,6–8 perhaps due to acute reductions in 25-
hydroxyvitamin D (25-OHD) concentration after surgery (40%
in the first 12 hours and 20% at 3 months compared with
preoperative baseline).9 Furthermore, as serum interleukin-6
(pro-inflammatory and pro-nociceptive cytokine) was elevated
during the first week after knee arthroplasty,10 patients may
have enhanced pain sensitivity.11

The effects of hypovitaminosis D on postoperative pain-
related outcomes and its impact on health-related quality of life
are not well understood. We hypothes-
sis D was associated with worse pain-

health-related quality of life. This
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prospective cohort study examined the effects of hypovitami-
nosis D on early postoperative pain-related outcomes, health-
related quality of life, and risk of moderate-to-severe persistent
pain at 3 months after knee arthroplasty.

METHODS

Study Design, Setting and Participants
Ethical approval for this cohort study (CRE-2010.505) was

provided by The Joint Chinese University of Hong Kong-New
Territories East Cluster Clinical Research Ethics Committee,
Hong Kong, on 7 December 2010. All patients gave written
informed consent before surgery for participation in the study
and were followed-up by telephone interview at 3 months
after surgery.

We recruited consecutive patients from November 2011 to
January 2014 undergoing general anesthesia or regional
anesthesia for major elective primary or revision of knee
arthroplasty who were expected to be given patient controlled
morphine analgesia after surgery (we had initially included 25
patients undergoing 31 hip arthroplasty in the funded study but
anonymous peer reviewers recommended that the analyses to be
restricted to knee arthroplasty population for clearer interpret-
ation of the results). Exclusion criteria included subjects under
18 years, contraindications to intravenous morphine patient-
controlled analgesia, pre-existing comorbidities (serum creati-
nine>150 nmol/L or other renal diseases, liver function impair-
ment, hepatitis or liver cirrhosis, chronic pancreatitis, history of
gastric or small-bowel resection, inflammatory bowel disease,
neurological disorder) and medications’ use (anticonvulsants,
glucocorticoids, and antiretrovirals). Using a standardized ques-
tionnaire, we collected demographic, pre-existing comorbid-
ities, smoking status, pain medications used at home, regular
use of vitamin D supplements, and the amount of sun exposure
time in the last week.

Preoperative Anesthesia Management
Patients undergoing general anesthesia were induced with

propofol 2 mg/kg, fentanyl 1 mg/kg, a nondepolarizing neuro-
muscular blocker, endotracheal intubation, and maintained with
isoflurane 1% to 2% in 40% oxygen/air mixture. Intravenous
morphine 0.1 mg/kg was given to the patient after induction of
anesthesia approximately 5 minutes before skin incision.
Supplementary analgesia was achieved with fentanyl 10 mg
bolus at the discretion of the duty anesthesiologist. For spinal
anesthesia, the lumbar puncture was performed using a 25G
pencil-point spinal needle to the L2/3 or L3/4 level. Heavy
bupivacaine 0.5% 2.6 mL together with fentanyl 25 mg was
injected into the subarchnoid space. In the post-anesthesia care
unit (PACU), all patients received an intravenous patient con-
trolled analgesia (IVPCA) with morphine (Graseby 2200 pump)
1 mg bolus, lockout time of 5 minutes and a 4-hour dose limit of
0.3 mg/kg for up to 72 h. The nurse-based, anesthesiologist-led
Acute Pain Service team monitored the postoperative pain
management of patients daily.

Vitamin D Analyses
Preoperative fasting serum 25-OHD concentration was

measured using a liquid chromatography-tandem mass spec-
trometry, with limits of detection of 10.0 nmol/L and an inter-

Lee et al
assay coefficient of variation of �6.5%.12 Hypovitaminosis D
was defined as severe (<12.5 nmol/L), moderate (12.5–
29 nmol/L), mild (30–49 nmol/L) and sufficient as 50 to
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220 nmol/L.13 As the results were available to clinical and
research staff 7 days after sample collection, the outcome
assessments collected at 72 hours were unlikely to be biased.

Outcome Assessments
The pain intensity at rest was measured at hourly intervals

for first 12 hours, 4 to 6 hourly thereafter for up to 72 hours after
surgery by ward nurses as routine practice using a numeric
analogue scale from 0 (no pain) to 10 (worst imaginable pain).
We also measured the cumulative morphine consumption up to
72 hours recorded by the patient-controlled analgesia device.

Self-reported level of pain relief was measured daily using
a 5-point Likert scale that ranged from 0 (none) to 4 (complete)
during the first 3 days after surgery. For each patient, the area
under the pain relief curve (TOTPAR) was calculated and then a
percentage of the maximum TOTPAR estimated.14 A dichot-
omous descriptor of at least >50% maximum TOTPAR
represented a clinically meaningful outcome of adequate pain
relief.14

During the first 3 days after knee arthroplasty, we measured
the patient’s health status after surgery and anesthesia daily using
a reliable and validated Chinese version15 of a 9-item Quality of
Recovery (QoR) questionnaire.16 The score ranges from 0 to 18,
with higher scores representing better recovery.

General health-related quality of life was measured before
surgery, on the third day and third month after surgery using the
Chinese (Hong Kong) version of the European Quality of Life-5
Dimensions (EQ-5D).17 Patients were also asked to rate how
good or bad their health state was on a visual analogue scale
from 0 (worst imaginable) to 100 (best imaginable).17 The EQ-
5D index, a preference/utility-based measure, was estimated
using the descriptive responses and applying the US set of
reference weights.18

The Chinese version of the Western Ontario and McMaster
Universities (WOMAC) osteoarthritis index, a valid and reliable
instrument, was used to measure health status in patients with
osteoarthritis of the knee before and at three months after
surgery.19 The 24-item WOMAC questionnaire has three sub-
scales: pain (5 items with subtotal score ranging from 0 to 20),
stiffness (2 items with subtotal score ranging from 0 to 8), and
function (17 items with subtotal score ranging from 0 to 68).
The subtotal and overall WOMAC index scores were calculated
and transformed to range from 0 to 100, with higher scores
indicating better health status. Moderate-to-severe persistent
pain was defined as a WOMAC pain score of 0 to 75 at 3 months
after knee arthroplasty.20

Statistical Analysis
Independent sample Kruskal-Wallis test was used to com-

pare the age, duration of anesthesia, duration of PACU stay,
duration of IVPCA, cumulative morphine dose, and length of
hospital stay between vitamin D status groups. Otherwise, x2

tests were used to compare perioperative characteristics
between 25-OHD groups. Listwise deletion was used to deal
with missing completely at random follow-up data.

The primary outcomes were pain intensity, WOMAC
index, and moderate-to-severe persistent pain. Changes in out-
come measures over time were analyzed with the use of
generalized estimating equation population averaged models,21

with treatment and time as fixed effects adjusting for covariates

Medicine � Volume 94, Number 42, October 2015
selected on the basis of a causal directed acyclic graph
approach.22 In the generalized estimating equation models,
we used an exchangeable correlation structure and adjusted

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Flow of participants in the cohort study.

TABLE 1. Characteristics of 191 Patients Undergoing 214 Knee A

Characteristic <30 (n¼

Age, median (IQR), y 68 (64–72
Women 11 (68.8)
Season tested

December–February 8 (50.0)
March–May 4 (25.0)
June–August 2 (12.5)
September–November 2 (12.5)

Current smoker 0 (0)
Obesity (BMI >30) 5 (31.3)
Diabetes 7 (43.8)
Hypertension 14 (87.5)
Analgesics used before hospital admission

Paracetamol 3 (18.8)
NSAIDs 4 (25.0)
Tramadol 5 (31.3)
Pregabalin/gabapentin 2 (12.5)

Sun exposure last week >15 min/day 6 (37.5)
Taking vitamin D supplements (>200 IU) 0 (0)
25-OHD, median (IQR), nmol/L 23 (20–26
ASA Physical Status

I/II 14 (87.5)
III/IV 2 (12.5)

Duration of anesthesia, median (IQR), minutes 140 (126–1
Duration of PACU stay, median (IQR), minutes 63 (51–94
Duration of IVPCA use, median (IQR), hours 44 (41–46
Cumulative morphine dose, median (IQR), milligrams 38 (28–56
Adequate pain relief (>50% maxTOTPAR) 13 (86.7)z

Duration of hospital stay, median (IQR), days 10 (8–15)

25-OHD¼ 25-hydroxyvitamin D, ASA¼American Society of Anesthe
international unit, IVPCA¼ intravenous patient-controlled analgesia, maxTO
care unit.�

Unless otherwise indicated, data are reported as number (percentage) o
yP value for x2 test for categorical variables and Kruskal-Wallis test fo
zNo data on 1 patient due to major postoperative complications.
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for seasonal variations in 25-OHD concentration, and for
patients who may have had staged bilateral knee arthroplasty.
The effect of vitamin D status on outcome was captured by the
time-exposure interaction and Wald tests were used to test for
the significance of this. A logistic regression was used to
determine the risk of moderate-to-severe persistent pain associ-
ated with hypovitaminosis D, taking into account staged bilat-
eral knee arthroplasty that 23 patients had. The odds ratio (OR)
and 95% confidence interval (95% CI) were reported. The area
under the receiver-operating characteristic curve (AUROC) and
the Hosmer-Lemeshow (HL) goodness-of-fit test were esti-
mated to assess the model discrimination and calibration per-
formance, respectively. All analyses were performed using
STATA 13.1 (StataCorp, College Station, TX).

Using PASS 11 software (NCSS, Kaysville, UT), a logistic
regression of moderate-to-severe persistent pain on hypovita-
minosis D (assumed local prevalence of hypovitaminosis D at

Hypovitaminosis D on Pain Outcomes
23%)2 with a sample size of 214 will achieve 80% power at a 5%
significance level to detect a change corresponding to an odds
ratio of 2.50 (risk from 32%20 to 54%).

rthroplasty By Serum 25-OHD Concentration
�

Serum 25-OHD Concentration, nmol/L

16) �30–<50 (n¼ 78) �50–�220 (n¼ 120) Py

) 68 (62–73) 67 (63–73) 0.97
53 (67.9) 89 (74.2) 0.62

23 (29.5) 34 (28.3)
17 (21.8) 23 (19.2) 0.44
17 (21.8) 35 (29.2)
21 (26.9) 28 (23.3)

3 (3.8) 7 (5.8) 0.53
24 (30.8) 32 (26.7) 0.80
24 (30.8) 29 (24.2) 0.21
56 (71.8) 88 (73.3) 0.42

22 (28.2) 27 (22.5) 0.57
19 (24.4) 28 (23.3) 0.98

7 (9.0) 10 (8.3) 0.02
0 (0) 3 (2.5) 0.01

36 (46.2) 70 (58.3) 0.11
2 (2.6) 6 (5.0) 0.48

) 43 (38–47) 62 (56–73) <0.001

65 (83.3) 108 (90.0) 0.39
13 (16.7) 12 (10.0)

49) 133 (115–151) 135 (120–150) 0.90
) 70 (50–85) 68 (50–90) 0.97
) 42 (39–44) 42 (40–45) 0.10
) 36 (23–52) 30 (18–46) 0.18

61 (78.2) 103 (85.8) 0.35
9 (8–13) 10 (8–13) 0.76

siologists, BMI¼ body mass index, IQR¼ interquartile range, IU¼
TPAR¼maximum area under pain relief curve, PACU¼ postanesthesia

f arthroplasty.
r continuous variables.
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P¼ 0.04). The model calibration was adequate (HL test

FIGURE 2. Comparison of mean (95% confidence interval) pain
intensity at rest scores over time by vitamin D status groups. Green
triangle represents sufficient 25-OHD levels (50–220 nmol/L),

Lee et al
RESULTS
Of 248 patients screened, 206 patients were recruited but

15 did not get IVPCA with morphine for postoperative pain
management, leaving 191 patients undergoing 214 knee arthro-
plasty for analysis (Fig. 1). As 1 patient had postoperative
cardiac complications, no QoR and EQ-5D assessments were
available on the third day after surgery. Two patients were lost
to follow-up at 3 months after surgery (Fig. 1).

The preoperative prevalence of mild and moderate-to-
severe hypovitaminosis D were 36.4% (95% CI 30.0%–
43.3%) and 7.5% (95% CI 4.3%–11.9%), respectively. The
preoperative characteristics, duration of anesthesia, PACU stay,
and duration of IVPCA were similar between vitamin D status
groups (Table 1). None of the patients reported chronic opioid
use before surgery.

Although there was no significant vitamin D status group-
time interaction effect (P¼ 0.47) after adjusting for age, sex,
obesity (BMI �30), current smoking, type of anesthesia and
season, there was a significant difference between vitamin D
status group (P< 0.01) in Figure 2. On arrival to the ward and
during the first hour, the moderate-to-severe hypovitaminosis D
group had higher pain scores (mean difference [MD] 1.4, 95%
CI: 0.4–2.4 and 1.0, 95% CI: 0.1–2.0, respectively) than the
sufficient vitamin D group (P< 0.01 and P¼ 0.03, respect-
ively). Between the 7th and 10th hour, the moderate-to-severe
hypovitaminosis D group had higher pain scores than the
sufficient vitamin D group (Fig. 2), but otherwise, there was
no difference at other times. The pain intensity scores were
relatively similar at all times, except between 2nd and 4th hour,
between mild hypovitaminosis D and sufficient vitamin D
groups (Fig. 2). After adjusting for age, sex, maximum TOT-
PAR, type of anesthesia, and season, there was no significant
difference between vitamin D status groups for mean cumulat-
ive morphine consumption (P¼ 0.12). Patients with sufficient
vitamin D levels required 35 mg (95% CI 31–39) of morphine
for pain relief, whereas those with mild and moderate-to-severe
hypovitaminosis D groups required 39 mg (95% CI 33–44) and

orange square represents mild deficiency (30–49 nmol/L), and
red circle represents moderate-to-severe deficiency (<30 nmol/L).
46 mg (95% CI 35–58), respectively.
The baseline estimates and the mean change over 3 days

for QoR scores, and mean change over 3 months for EQ-5D and

4 | www.md-journal.com
WOMAC outcomes are shown in Table 2. There was a vitamin
D status-time interaction on EQ-5D VAS (P¼ 0.02, Fig. 3) but
not for EQ-5D index (Table 2). There was no effect of vitamin D
status on total WOMAC index, WOMAC pain, and stiffness
subscales (Table 2). The effect of vitamin D status groups on
WOMAC function was marginally significant (P¼ 0.07); pre-
operative WOMAC function was lowest in the moderate-to-
severe hypovitaminosis D group compared with the sufficient
vitamin D group (MD �13.1, 95% CI �24.1 to �2.0) but was
associated with the largest improvements over time (Table 2).

The prevalence of preoperative moderate-to-severe pain
was 79.9% (95% CI 73.9–85.1). There was no association
between preoperative hypovitaminosis D (25-OHD
<50 nmol/L) and the risk of preoperative moderate-to-severe
pain (OR 1.60, 95% CI 0.80–3.21, P¼ 0.18). At 3-month
follow-up, 72 (34%), 14 (6.6%) and 6 (2.8%) patients reported
mild, moderate, and severe persistent pain. The incidence of
moderate-to-severe persistent pain was 9.3% (95% CI 5.9–
14.2), with a median WOMAC Pain score of 65 (interquartile
range [IQR] 46–74) in this group. Compared with patients
without pain or mild persistent pain, those with moderate-to-
severe persistent pain had lower median (IQR) WOMAC stiff-
ness (100 [75–100] vs 75 [50–100]) (P¼ 0.001) and WOMAC
function (91 [82–97] vs 62 [50–69]) (P< 0.001).

Patients with preoperative hypovitaminosis D seemed
more likely to develop moderate-to-severe persistent pain after
surgery (13.8%) than patients with normal preoperative 25-
OHD concentration (5.9%) (P¼ 0.05). After adjusting for age,
sex, obesity, type of anesthesia, preoperative moderate-to-
severe pain, and season, there was evidence supporting the
association between hypovitaminosis D and risk of moderate-
to-severe persistent pain (OR 2.64, 95% CI 1.03–6.77,

Medicine � Volume 94, Number 42, October 2015
P¼ 0.82) and discrimination was acceptable (AUROC 0.74,
95% CI 0.64–0.84).

DISCUSSION
In this prospective cohort of Hong Kong Chinese patients

undergoing knee arthroplasty, nearly half had preoperative
hypovitaminosis D, higher than other studies using the same
cutoff at 50 nmol/L.6,23,24 The effects of hypovitaminosis D on
pain outcomes and short-term health-related quality of life
outcomes were mixed. Moderate-to-severe hypovitaminosis
D was associated with transient higher pain intensity at rest
scores without affecting the total morphine consumption or the
quality of recovery after surgery. Although moderate-to-severe
hypovitaminosis D patients had a lower preoperative health-
related quality of life, we found clinically important improve-
ments in EQ-5D VAS and index, total WOMAC index, and
subdomains over time, with values at 3 months comparable with
those in the sufficient vitamin D group. Our regression analysis
suggested a 2- to 3-fold increased risk of moderate-to-severe
persistent pain with hypovitaminosis D.

We found a clinically important transient difference in pain
intensity at rest scores associated with moderate-to-severe
hypovitaminosis D in the early postoperative period on the
ward. Otherwise, there was no evidence that patients with
hypovitaminosis D had higher morphine requirements or
inadequate pain relief than patients with sufficient vitamin D
levels during the first 3 days after surgery. In a retrospective

review of medical records from 185 patients undergoing laparo-
scopic bariatric surgery, there was no association between
vitamin D deficiency and increased opioid requirements.3

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Comparison of mean (95% confidence interval) EQ-
5D visual analogue score over time by vitamin D status groups.
Green triangle represents sufficient 25-OHD levels (50–220 nmol/

Lee et al
The improvements in WOMAC domains after arthro-
plasty within each vitamin D status group exceeded the mini-
mal clinically important difference of 14 to 22 (on 0–100 point
scale) for knee arthroplasty.25 Among the improvements
between 25-OHD groups, the moderate-to-severe hypovitami-
nosis D group showed a significant improvement in function
after having the lowest preoperative function score, with
accompanying clinically important improvements in the EQ-
5D VAS and index scores. This is consistent with previous
findings26 wherein patients reported relatively larger improve-
ments in knee-related functioning or general health status
(according to EQ-5D index) having corresponding improve-
ments in EQ-5D VAS. A possible explanation for patients
with poorer baseline health status showing stronger improve-
ments in EQ-5D index and functioning after knee arthroplasty
may include a higher likelihood of expectations being fulfilled
after experiencing major pain and disability before surgery.26

In contrast, another study showed that moderate-to-severe
hypovitaminosis D was associated with less postoperative
improvement in WOMAC stiffness at 6 months after knee
arthroplasty.6

Moderate-to-severe persistent pain after an elective pro-
cedure that is performed to relieve pain can be considered a
treatment failure.20 Our incidence of moderate-to-severe per-
sistent pain was substantially lower than a previous study,20 but
the overall incidence of persistent pain (mild, moderate, and
severe) was similar. The strongest independent predictors of
persistent pain after total knee arthroplasty identified in a recent
systematic review were catastrophizing, mental health, preo-
perative knee pain, and pain at other sites.27 Our study suggests
that consideration be given to hypovitaminosis D as a risk factor
for persistent pain after knee arthroplasty.

Currently, there is no consensus on the definition of
vitamin D deficiency or the optimal level of total serum 25-
OHD concentration.28 Large seasonal variations in circulating
25-OHD concentration relative to the annual mean concen-
tration has implications for research methodology.29 Estimating

L), orange square represents mild deficiency (30–49 nmol/L), and
red circle represents moderate-to-severe deficiency (<30 nmol/L).
the annual mean concentration of 25-OHD from a single value
by using a cosinor model reclassified 7% of participants with
regards to vitamin D deficiency.29 Therefore, vitamin D status

6 | www.md-journal.com
misclassification is a probable threat to our study validity; our
adjusted estimate (OR 2.64, 95% CI 1.03–6.77) is likely to be
biased toward the null. The generalizability of the results to
other settings is limited due to the role of ethnicity, latitude,
environmental and lifestyle factors affecting 25-OHD con-
centrations, as well as the wide variety of anesthetic tech-
niques (eg, local infiltration analgesia, femoral nerve block,
epidural analgesia) available for patients undergoing knee
arthroplasty.

A recent review highlighted the role of Vitamin D on the
etiology and maintenance of chronic pain state.30 Caution is
required in attributing the improvements in WOMAC function
in the moderate-to-severe hypovitaminosis D group to the use
of postoperative vitamin D supplements as we did not measure
this and few patients in our study were taking vitamin D
supplements of sufficient dose before surgery. Currently, there
is no clear benefit associated with the use of vitamin D
supplements for chronic pain.31 However, in a preliminary
study of chronic pain patients, higher plasma concentration of
interleukin-10 (anti-inflammatory and anti-nociceptive cyto-
kine) was associated with decreased pain intensity.32 Hence,
attenuating the decrease in serum 25-OHD after knee arthro-
plasty9 with supplemental vitamin D to modulate the role of
cytokines in chronic pain processing seems plausible and
warrants further study.

In conclusion, this prospective cohort study in Hong Kong
Chinese patients undergoing knee arthroplasty found a high
prevalence of preoperative hypovitaminosis D. Moderate-to-
severe hypovitaminosis D had subtle effects on pain intensity
scores in the early postoperative period but the health-related
quality of life outcomes at 3 months were comparable with other
patients with a sufficient level of vitamin D concentration.
Hypovitaminosis D is likely to be a new risk factor for the
development of moderate-to-severe persistent pain after knee
arthroplasty.
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