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Background: It has been widely reported that vitamin D (vit D) affects preoperative, postoperative, and long-term outcomes after
total knee arthroplasty (TKA). Our aim was to study vit D trajectory after TKA and compare effects of oral versus intramuscular (IM)
supplementation in insufficient patients and assess its effects on immediate functional recovery in the first 2 weeks after TKA.
Methods: Vit D levels < 30 ng/mL are considered insufficient. \We prospectively enrolled 60 patients (20 per group): group |, vit D
sufficient patients; group I, vit D insufficient patients given IM supplementation (cholecalciferol 6,00,000 IU); and group I, vit D
insufficient patients given oral supplementation (cholecalciferol 600,000 IU). Vit D levels, knee flexion, Timed Up and Go (TUG) test
results, and visual analog scale (VAS) score were recorded preoperatively and postoperatively on day 3 and 14.

Results: In group I, mean preoperative vit D significantly dropped at postoperative day (POD) 3 and POD 14 (p = 0.001). In group I,
mean preoperative vit D rose at POD 3 and rose significantly at POD 14 (p = 0.001). In group Ill, mean preoperative vit D increased
significantly at both POD 3 and POD 14 (p < 0.001). Also, in group IlI, the rise in vit D was significantly higher than that in group |l
both at POD 3 and POD 14 (p < 0.05). In group lll, 19 of 20 insufficient patients became sufficient on POD 3 and all 20 by POD 14. In
group II, even by POD 14, only 11 of 20 insufficient patients became sufficient. Functional parameters (flexion, change in flexion,
TUG test results, and VAS score) were comparable (p > 0.05) in all groups. Changes in TUG test showed a significant increase in
group Il (48.5 seconds) when compared to group | (35.5 seconds) at POD 3 (p < 0.05), suggesting a slower recovery. It remained
comparable (p > 0.05) between group Ill and group |.

Conclusions: We found that vit D insufficient patients can be rapidly supplemented on the morning of surgery with a large dose
of oral cholecalciferol 600,000 IU, and the effect was consistent over 2 weeks after surgery. Orally supplemented vit D insufficient
patients also showed functional recovery comparable to vit D sufficient patients. IM supplementation increased vit D levels only
at 2 weeks and the rise was significantly lower than oral supplementation. Interestingly, approximately 25% of vit D sufficient pa-
tients who were not supplemented after TKA became insufficient in the first 2 weeks postoperatively.
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Vitamin D (Vit D) has an important role in bone miner-
alization and remodeling, muscle function, and physical
health.” Most experts define vit D deficiency as a 25-hy-
droxy vit D level of less than 20 ng/mL (< 50 nmol/L).”"
A level of 21-29 ng/mL (52.5-72.5 nmol/L) can be consid-
ered to indicate relative insufficiency, a level of 30 ng/mL
or greater (> 72.5 nmol/L) sufficiency, and > 150 ng/mL (>
375 nmol/L) hypervitaminosis.””

Vit D levels are found to be low in as many as
40%-82% of patients undergoing arthroplasty.”'” A great
interest has been generated in vit D in recent years because
of the growing evidence of its association with poorer
preoperative functional activity"'” and adverse effects on
the postoperative function.'*"” Besides, vit D deficiency
has been specifically linked to periprosthetic joint infec-
tions'**" and to a higher rate of several other postopera-
tive complications.”*” The length of hospital stay was also
reported to be significantly longer for patients with low vit
D levels.'"' At the same time, studies report fewer com-
plications following arthroplasty in patients with normal
vit D levels.*

Several studies point to vit D as a modifiable risk
factor and suggest optimizing preoperative vit D levels in
patients considering arthroplasty. Alamanda and Spring-
er’” have prepared a systematic review of 12 modifiable
risk factors for periprosthetic joint infection and have
recommended guidelines for correction of vit D. Also,
studies have shown that there is a drop in vit D levels after
surgery.”” Our earlier study' found that vit D deficient
patients who were supplemented after surgery achieved
functional results comparable to vit D sufficient patients
by 3 months. Thus, it is well established in the literature
that vit D has significant effects on longer-term functional
outcome after total knee arthroplasty (TKA). In the last
decade, TKA management has aimed to improve immedi-
ate function to help patients recover faster. There are cur-
rently no reports showing if vit D levels have an effect on
immediate recovery after TKA.

We hypothesized that vit D levels could be rap-
idly corrected by high-dose oral and intramuscular (IM)

supplementation on the day of surgery. We undertook our
study with two aims: (1) to examine the trajectory of vit D
levels in our series of vit D sufficient and insufficient TKA
patients over the first 2 weeks after surgery and compare
the effect of the mode of supplementation (oral vs IM) on
the vit D trajectory in insufficient patients and (2) to as-
sess and compare the immediate functional recovery after
TKA in the first 2 weeks in vit D sufficient and insufficient
patients.

METHODS

After obtaining Institutional Review Board and Ethics Com-
mittee approval (Registration No. ECR/606/Inst/MH/2014),
we prospectively enrolled all patients undergoing primary
TKA between May 2018 and June 2019 performed by a
single surgeon (RNM) for this study and all patients gave
an informed consent. Based on their preoperative vit
D levels and the means of supplementation, we divided
them into three groups. Group I was the vit D sufficient”
control group (25 hydroxy vit D level > 30 ng/mL) and no
preoperative supplementation; group II was the vit D in-
sufficient group (25 hydroxy vit D level < 30 ng/mL) with
IM supplementation; and group III was the vit D insuffi-
cient group (25 hydroxy vit D level < 30 ng/mL) with oral
supplementation.

Recruitment for each group stopped when we had
20 patients in each group (Fig. 1). Insufficient patients
were randomized to be in group II or III using computer-
generated randomization sequence on computer software
(https://www.randomizer.org/). Injection of Arachitol,
Cholecalciferol IP 600,000 IU (Abbott India Ltd., Bhiwan-
di, India) was used for both IM and oral supplementation
on the morning of surgery.

Sixty patients were enrolled, 20 patients in each
group. All patients underwent TKA by the same surgeon
(RNM) with uniform intraoperative and postoperative
protocols. Vit D levels were assessed preoperatively (6-8
pm 1 day preoperatively) and on postoperative day (POD)
3 and 14 (7-10 am). For assessing the functional outcome,
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Fig. 1. Flowchart of study.
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parameters including flexion, Timed Up and Go (TUG)
test, and visual analog scale score (VAS score) for pain
were recorded by unblinded observers (D], NB). Flexion
was measured in degrees using a standard handheld go-
niometer by the same resident doctor (DJ) in all cases at
8 PM (+ 1 hour) on POD 3 and 8 AM (+ 1 hour) on POD
14. Its center of rotation was placed in line with the center
of the knee, the fixed arm was aligned with the greater
trochanter, and the mobile arm was aligned with the lat-
eral malleolus. Range of motion was measured at the edge
of bed with the patient sitting with his thighs parallel and
horizontal to the floor. Two trials were performed for both
measurements. If the difference was less than 5°, then an
average of the two readings was taken. If the difference
was more than 5°, then a third measurement was taken
and the average of the closest two measurements was
taken. TUG test records the time in seconds required to
get up from a chair with armrests, walk 3 m, turn around,
walk back to the chair, and sit down.”®*” Our chair seat
was 46 cm in height, and the 3-m walkway was delimited
by permanent painted lines on the floor. The standardized
procedure included a demonstration for the subject and
a trial round preoperatively. Test timing was recorded on
a smartphone stopwatch. TUG tests were conducted at 8
PM (+ 1 hour) on POD 3 and at 8 AM (+ 1 hour) on POD
14. The test was performed using a walker by all patients
on POD 3 and POD 14. VAS score is a subjective score of
pain and was measured on a scale of 0 (no pain) to 10 (very
severe pain) at 8 PM (+ 1 hour) preoperatively and 8 AM
(+ 1 hour) on POD 3 and POD 14.

Sample size of the study was determined using SAS
9.2 package (SAS Institute Inc., Cary, NC, USA). To cal-
culate the sample size for assessing oral supplementation,
we followed the study by Cipriani et al.” and arrived at
a sample size of 6 patients per group (power = 90%, a =

0.05). We found no reference study to calculate the sample
size for IM supplementation and functional recovery
evaluation in the first 2 weeks after surgery, so we decided
to increase the sample size to 20 patients in each group (60
patients in all) and perform a power analysis post hoc for
immediate functional recovery results.

Data were analyzed using SPSS ver. 15.0 (SPSS Inc.,
Chicago, IL, USA). Data were checked for normality by
Shapiro Wilk statistical test. Shapiro-Wilk test confirmed
normality of all variables. Data were given as mean and
standard deviation for quantitative variables and number
(percentage, %) for qualitative variables. Student paired t-
test was applied to compare mean values at two different
timepoints. One-way analysis of variance (F test) was ap-
plied to compare mean values of three groups. Only after
getting significant difference by F test, Scheffe post-hoc
test was applied to compare the pair of means. Chi-square
tests were applied to compare percentages of three groups.
All tests were two-tailed. Level of Significance was taken as
p < 0.05. Using SAS 9.2 package (SAS Institute, Cary, NC,
USA) and considering the increase in TUG time from pre-
operative to POD 3 as an efficacy variable, the power was
calculated to be 81.4 at an alpha error of 0.05.

RESULTS
Demographics of all three groups were comparable (Table 1).

Vit D Trajectory

In group I, there was a significant fall in the preoperative
mean vit D at POD 3 (p = 0.001) and at POD 14 (p = 0.001)
(Table 2). Of the 20 patients in group I, 6 patients became
insufficient by POD 3 and 4 remained insufficient at POD
14. Thus, 30% of the vit D sufficient patients had become
vit D insufficient by POD 3 (Table 3). In group II, there

Table 1. General Demographics

Variable Group | (n =20) Group Il (n = 20) Group 111 (n = 20) p-value

Age (yr) 66.0+5.2 64.0+8.3 65.1+7.9 0.7
Height (cm) 1549 +6.4 159.4£10.9 156.9+9.8 0.3
Weight (kg) 748+10.0 80.1+£158 78.7+15.8 0.5
Body mass index (kg/m’) 31.2+37 31.6+4.1 318+38 09
Sex 0.2

Male 3(15) 5 (25) 8 (40)

Female 17 (85) 15(75) 12 (60)

Values are presented as mean + standard deviation or number (%).
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Table 2. Comparison of Vitamin D Level between Two Points for Each Group

Variable Group |
Preop 48.3+11.6(31.2-70)
POD 3 40.4 +10.7 (24.6-56.7)
POD 14 38.9+8.9(27.4-57.7)
p-value
Preop to POD 3 0.001
Preop to POD 14 0.001

Group Il
20.2 +6.6(5.2-8.2)
69.9 + 16.4 (29.6-99)
68.5+17.9(42.5-106)

Group Il
21.5+7.7(8.1-30)
31.2+24.9(3-107.7)
38.9+215(6-97.3)

0.06 <0.001
0.001 <0.001

Values are presented as mean + standard deviation (range).
Preop: preoperative, POD: postoperative day.

Table 3. Vitamin D Based on Sufficient and Insufficient Levels at Three Timepoints

Group Preop POD 3 POD 14 p-value
Group | 0.018
Sufficient 20(100) 14.(70) 16 (80)
Insufficient 0 6(30) 4(20)
Group Il <0.001
Sufficient 0 7(35) 11 (55)
Insufficient 20 (100) 13 (65) 9 (45)
Group Il <0.001
Sufficient 0 19(95) 20(100)
Insufficient 20 (100) 1(5) 0
Values are presented as number (%).
Preop: preoperative, POD: postoperative day.
was a rise in the preoperative mean vit D at POD 3 (p =  Functional Recovery

0.06) and POD 14 (p = 0.001) (Table 2). Of the 20 patients
in group II, 7 patients became sufficient by POD 3 and 11
patients (55%) became sufficient by POD 14 (Table 3). In
group III, the preoperative mean vit D rose significantly
at POD 3 (p < 0.001) and at POD 14 (p < 0.001) (Table 2).
Of the 20 patients, 19 patients became sufficient by POD 3
and all 20 (100%) became sufficient at POD 14 (Table 3).

On preoperative comparison, group II and group III
had significantly (p < 0.05) lower vit D levels as compared
to group I. There was no statistical difference between
group II and group III preoperatively. Group III had sig-
nificantly (p < 0.05) higher vit D levels than group II and
group I at POD 3 and POD 14. There was no statistical
difference between group I and group II at POD 3 and
POD 14 (Table 4). A maximum vit D level of 107 ng/mL
was observed. There were no complications due to vit D
supplementation.

Flexion

In groups I, I, III, the preoperative flexion and flexion
achieved at POD 3 and POD 14 were comparable (p > 0.05)
(Table 5). The change in flexion was also comparable be-
tween the groups (Table 5). This indicates that the range of
flexion achieved was comparable in all three groups at all
times.

TUG test

In groups I, I, III, the preoperative TUG time and TUG
time at POD 3 and at POD 14 were comparable with no
statistical difference (p > 0.05) (Table 5). However, the
change in TUG time from preoperative to POD 3 value
and to POD 14 value in group II was higher compared to
group I with a statistical significance (p = 0.009 for POD 3,
p = 0.038 for POD 14). The post-hoc test showed signifi-
cance only for the POD 3 value. The change in TUG time
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Table 4. Comparison of Vitamin D Levels between Groups

Vitamin D (ng/mL)

Variable p-value
Group | Group Il Group Il

Preop 483+116 21577 202+6.6 <0.001

POD 3 404 +£10.7 312+£249 69.9+16.4 <0.001

POD 14 38.9+89 389+£215 68.5+17.9 <0.001

Values are presented as mean + standard deviation.

Preop: preoperative, POD: postoperative day.

If p-value is significant, post-hoc Scheffe test will be applied. Significant difference: group | vs. Il (p < 0.05) and group | vs. lll {p < 0.05) at preop; group |
vs. Il {p < 0.05) and group Il vs. Il (p < 0.05) at POD 3; and group I vs. Il (p < 0.05) and group Il vs. lIl (p < 0.05) at POD 14.

Table 5. Outcome Parameters

Variable Day Group | Group Il Group Il p-value
Flexion (°) Preop 133+96 1285+ 16.1 125+ 14 0.5
POD 3 88+5 84+11.7 83+75 0.2
POD 14 99+92 90+7.8 945+10 0.013
Change in flexion from preop (°) POD 3 45+96 442 +15.8 418+16.2 0.75
POD 14 343+129 385+19 30.5+14.1 0.28
TUG test (sec) Preop 171459 14.1+3 147 +37 05
POD 3 525+12.2 626+ 14.4 58.2+13.9 0.07
POD 14 33+7.2 38.8+139 37.8+10.7 0.2
Change in TUG test from preop (sec) POD 3 355+10.2 485+ 15.1 43.4+129 0.009%
POD 14 159+98 248+14.3 23+9 0.038
VAS Preop 6+1 6.2+09 6 +1 0.7
POD 3 52+1.1 57+14 56+ 1.1 0.07
POD 14 38+08 4+1 4111 0.7
Change in VAS from preop POD 3 08+15 05+16 04+09 0.71
POD 14 22+1 22+12 1.9+09 0.70

Values are presented as mean + standard deviation.
Preop: preoperative, POD: postoperative day, TUG: Timed Up and Go, VAS: visual analog scale.
*Post-hoc test shows significant difference for change in TUG at POD 3 between group | and group Il (p = 0.009).

for group III was comparable to group I at all times with ~ showed no significant difference amongst the groups (p >
no statistical difference (p > 0.05) (Table 5). This indicates  0.05) at all times (Table 5).

that IM supplemented patients had significantly slower
functional recovery at POD 3 compared to vit D sufficient

patients while orally supplemented patients had compa- DISCUSSION

rable recovery as vit D sufficient patients at all times. Our hypothesis was proved correct. Both supplementation
methods raised the postoperative TKA vit D levels; how-

VAS score ever, oral supplementation was not only quicker but also

VAS scores in all groups at all times and their change in  effective in bringing 95% and 100% of the patients into
values from preoperative levels to POD 3 and POD 14  sufficient range by POD 3 and POD 14, respectively. We
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also found that vit D levels after TKA dropped in sufficient
patients and approximately 25% of the patients reached
insufficient levels.

On the trajectory of vit D levels in our three study
groups, we noted that more than a quarter (30%) of our vit
D sufficient patients became insufficient by POD 3. Kelly
et al.” have reported that there was a significant fall in vit
D as early as 2 days after the surgery. Blomberg Jensen et
al.” have reported that generation of vit D was impaired
in women after elective knee replacement, resulting in low
circulating levels of activated vit D. We therefore think that
even vit D sufficient patients should be supplemented to
maintain their levels. However, whether a large single dose
used in our study was appropriate for this group or not
needs to be studied first to avert hypervitaminosis.

On the trajectory of vit D levels in our deficient
groups, we found that with IM supplementation, a slower
rise in vit D levels was obtained as compared to the same,
large dose oral administration. Only 55% of patients with
IM administration became sufficient by POD 14, whereas
95% of patients with oral administration were sufficient
by POD 3 and 100% by POD 14. At POD 3 and POD 14,
there was a statistical difference in vit D levels between
those supplemented by oral and IM administration. A
large, single-dose, oral administration achieved a rapid
rise, the levels achieved were significantly higher, and all
(i.e., 100%) of our patients achieved sufficiency.

Kearns et al.” have also reported a consistent rise
in serum vit D levels with a large, single-dose oral vit D
supplementation in their review of 30 different studies. It
is noteworthy that the highest value attained in the pres-
ent study by an individual subject was 107 ng/mL, which
is well below the widely accepted toxic blood levels of 150
ng/mL. Heaney et al.”” demonstrated that vit D adminis-
tration induces a biphasic response, with a rapid increase
of serum 25(OH)D at low serum vit D, concentrations
and a slower response at higher levels. Hence, we can hy-
pothesize that the huge increase of 25(OH)D levels after
supplementation could probably be due to the low basal vit
D, concentration. Cipriani et al.”® reported similar results
as our study with the same large oral dose as us and attrib-
uted it to rapid absorption and conversion of the oral load
of cholecalciferol to the 25-hydroxy metabolite. On the
other hand, with a single IM dose of 600,000 IU of chole-
calciferol, Diamond et al reported that in subjects with vit
D deficiency, 25(OH)D levels were enhanced above the
threshold of sufficiency only at 4 months.”” Nugent et al.””
have reported that 11% of patients remained insufficient at
3 months after IM administration of 300,000 IU of vit D3.
Ours is the only paper that has studied high-dose oral vit

D supplementation in relation to TKA.

On assessment of functional recovery, we detected
noteworthy findings in the TUG test. TUG test is an objec-
tive measure of function, balance, and walking ability for
people with knee osteoarthritis.*>” This test is specifically
designed to evaluate function immediately after surgery
when all patient-reported outcome measures and scores
are not possible to administer. Though there was no signif-
icant difference in the TUG test values between all groups
at all times, the change in TUG time from preoperative to
POD 3 (i.e, increase in time taken to do the same activity)
in the IM supplemented group was significantly longer
than the vit D sufficient group. On the other hand, in the
vit D insufficient group, which was orally supplemented,
range of flexion was achieved, and TUG time along with
the change in flexion and TUG time from preoperative to
POD 3 and 14 values were all comparable with the vit D
sufficient group with no statistical difference. This is an
important finding as this would imply that patients with
low vit D can undergo total knee replacement with the vit
D levels being easily corrected by oral supplementation on
the day of surgery with no compromise to their immediate
postoperative functional recovery. We have no data on the
functional outcome in vit D insufficient patients because
we chose to supplement them all. Shin et al."” have re-
ported that in vit D deficiency, the Knee Society Score and
Alternate Step test were adversely affected at 3 months af-
ter arthroplasty while the sit-to-stand test and TUG time,
despite recording more time, did not show statistical dif-
ference. Jansen et al.'” have reported that vit D insufficient
patients had a significantly worse functional outcome even
at a long-term follow-up of 8 years.

Our study was limited for a duration of 2 weeks af-
ter TKA and we have compared the effect of a single oral
versus IM supplementation. We remain unaware of the
long-term effect of our protocols on vit D levels. Secondly,
although our study was amply powered for our primary
aim of detecting effects of vit D supplementation on its
trajectory, the sample size may be small for functional
evaluation. Considering this, we did a post-hoc analysis
and found that the power of this study was more than
80% when considering only the change in TUG test as the
parameter. For the other functional parameters, a larger
sample size may be necessary. We believe our study results
can serve to arrive at appropriate sample size for these
future investigations. Lastly, since we had to choose to
supplement all vit D insufficient patients, we have no data
on the functional outcome in vit D insufficiency status.

We found that vit D insufficient patients can be rap-
idly supplemented on the morning of surgery with a large
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dose of oral cholecalciferol 600,000 IU, and the effect was
consistent over 2 weeks after surgery. Orally supplemented
vit D insufficient patients also showed functional recovery
comparable to vit D sufficient patients. IM supplementa-
tion increased vit D levels only at 2 weeks and the rise was
significantly lower than oral supplementation. IM supple-
mented patients also showed slower immediate functional
activity recovery at POD 3 in the form of the change in
TUG time, which was significantly longer than that in vit
D sufficient patients. Interestingly, approximately 25% of
vit D sufficient patients who were not supplemented after
TKA became insufficient in the first 2 weeks postopera-
tively.
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