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ABSTRACT

Aim To determine the effects of high peri- and postoperative doses of vitamin C administration on severity of
pain in postoperative period and functional outcome of the patients with trochanteric fracture treated with
intramedullary nailing during a three-month follow-up.

Methods A prospective, randomized, pilot study included 56 patients who were randomly divided into vitamin
C (intervention) and control groups. In the intervention group, patients received vitamin C perioperatively by
an intravenous route for 2 days, and oral vitamin C for 38 days postoperatively. Baseline characteristics,
postoperative metamizole consumption, Visual Analogue Scale (VAS) score, Harris Hip Score (HHS) value,
and the prevalence of complications were evaluated in both groups.

Results No significant differences were noted between the groups regarding age, gender, length of
hospitalization, and distribution in fracture type. Postoperative metamizole consumption was notably higher in
the control group compared to the vitamin C group (p=0.006). Postoperative VAS score was higher in the
control group (p<0.05). No significant differences in HHS values were detected between the groups at 6 and 12
weeks postoperatively (p=0.655 and p=0.755, respectively). The group variable significantly contributed to
VAS score, and age and gender variables significantly contributed to HHS value.

Conclusion A significant reduction of subjective pain levels and lower analgesic consumption was found in
patients who received vitamin C, suggesting that it should be considered as an adjuvant agent for analgesia in
patients with hip fracture.
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INTRODUCTION

Hip fractures are prevalent medical conditions associated with
adverse outcomes which carry high morbidity, mortality, and
hospitalization in the geriatric population. Due to increasing life
expectancy, it is estimated that the number of hip fractures
worldwide would rise up to 6.26 million in the next 25 years
(1). The mortality rate after hip fracture is between 20% and
24% during the first year (2). Trochanteric fracture type ac-
counts for around 50% of all hip fractures. Intramedullary nail-
ing, as the treatment of choice, is associated with favourable
outcomes including decreased duration of operation, lower
amount of intraoperative bleeding, and shorter time needed for
mobilization (3). Despite the advancement in development of
fixation devices, mortality and functional recovery remain
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unchanged in the last 25 years (4). In the first year postopera-
tively, between 40% and 60% of trochanteric fracture patients
are unable to walk without aids or the other person's assistance
(5), and around one third of these patients are admitted to a
nursing home (6). Multimodal management of pain after tro-
chanteric fracture, including peripheral nerve blocks, is crucial
to avoid delirium in older patients as well as to reduce time to
mobilization, reduce length of hospitalization, and improve
functional outcome (7).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are most-
ly used to decrease postoperative pain in musculoskeletal inju-
ries, however, they are associated with gastrointestinal side
effects, possible risk of bleeding and negative impact on the
cardiovascular system. Vitamin C or ascorbic acid is a vitamin
soluble in water, and it is widely known to scavenge reactive
oxygen species (ROS) and down-regulate proinflammatory
cytokines (8). It has a wide range of use in orthopaedic surgery.
Vitamin C reduces the inflammation of joints, and can be used
as adjuvant therapy for osteoarthritis (9). Vitamin C also has
antinociceptive action with neuroprotective, and neuromodula-
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tory properties (10). Previous studies demonstrated that its
usage can decrease pain postoperatively and prevent Sudeck's
syndrome in the surgery of foot and ankle as well as after wrist
fractures (11,12). In the latest study of Meccariello L et al. (13),
authors reported that ion resonance and bromelain-vitamin C help
the reduction of complications in the treatment of bimalleolar
ankle fractures. The effects of vitamin C in reducing the preva-
lence of Sudeck's syndrome as well as the improvement of ten-
don healing after rotator cuff repairs was demonstrated in shoul-
der surgery (14,15). Behrend H et al. (16) reported that perioper-
ative taking of oral vitamin C prevents its plasma depletion in
patients undergoing total knee arthroplasty, and may lower the
prevalence of arthrofibrosis, thus improving the range of motion.
Requirement for vitamin C in surgical patients is increased
since vitamin C plasma concentration falls after surgery, and
further decreases in postoperative period because of oxidative
stress (17). Few studies have investigated nutritional status in
trauma patients. Vitamins C and D, along with other micronu-
trients, are deficient in older hospitalized patients (18). Addi-
tionally, inadequate vitamin C levels in patients with proximal
femur fracture at discharge were associated with increased
prevalence of complications in a postoperative period (19). The
role of vitamin C was investigated in ankle and foot, distal radius,
shoulder and knee surgery (11-16). However, the effects of vit-
amin C supplementation on postoperative pain and functional
recovery after hip fracture surgery were not investigated.

The aim of this pilot study was to determine the effects of
peri- and postoperative high doses of vitamin C on severity of
postoperative pain and functional outcome of the patients with
trochanteric fracture treated with intramedullary nailing during
a three-month follow-up.

PATIENTS AND METHODS

Patients and study design

A prospective, randomized, pilot study including 56 patients
treated operatively between July 2023 and April 2024 at the
Department of Orthopaedics and Traumatology at the Cantonal
Hospital Zenica, Bosnia and Herzegovina, was conducted. The
patients were randomly divided into vitamin C and control
groups using a random number generator (20), with each group
consisting of 28 patients.

The inclusion criteria were: trochanteric fracture group in-
cluding types 31.A1, A2, A3 according to the Arbeitsgemein-
schaft fiir Osteosynthesefragen (AO) classification (21), pa-
tients accepting to take part in the study, injury less than two
weeks old, patients older than 18 years. The exclusion criteria
were: previous surgeries on the extremities, polytrauma, associ-
ated injuries, diabetic patients, patients with previous limb
amputations, renal insufficiency, cardiorespiratory decompen-
sated patients, coagulation disorders, patients with malignancy,
pathologic fractures, any contraindication to surgery, allergies
to the medications used in the study, neurological deficit, and
patients declining to take part in the study. Baseline characteris-
tics were noted for each patient.

The study was approved by the Ethical Committee of the
Cantonal Hospital Zenica (No. 00-03-35-958-10/23). All pa-
tients signed a written informed consent.
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Methods

The American Society of Anesthesiology Scale was used in the
preoperative assessment of patients (22), and all the operations
were performed under general anaesthesia. The patients re-
ceived cefazolin for antibiotic prophylaxis, and dalteparin-
sodium subcutaneously for thromboprophylaxis. A short cepha-
lomedullary nail was used for osteosynthesis. Metamizole was
used as an analgesic administered intravenously in a maximum
daily dose of 5 grams. Patients in the vitamin C group received
2 grams of ascorbic acid in 500 mL saline intravenously half an
hour before the incision and 1 gram of ascorbic acid in 500 mL
saline intravenously for two days postoperatively. From the 3™
till the 40™ postoperative day 1 gram of oral vitamin C was
administered daily divided into two doses. The control group of
patients did not receive ascorbic acid in any form.

The consumption of parenteral analgesics (metamizole)
during postoperative hospitalization was determined. Visual
Analogue Scale (VAS) was used to measure subjective pain
intensity, Harris Hip Score (HHS) was used to assess functional
outcome, and the prevalence of medical and surgical complica-
tions in both groups was determined.

The VAS consists of a 10 cm pointed line, with two end
points representing 0 as “no pain”, and 10 as ’worst pain possi-
ble” (23); it was evaluated at 2 and 14 days, at 6 and 12 weeks
postoperatively.

The HHS consists of 4 variables: patient/clinician report of
pain, function, deformity, and range of motion (24); it was
evaluated at 6 and 12 weeks postoperatively.

Compliance was checked through medication log sheets
during postoperative consultations. After discharge, all patients
attended the same rehabilitation protocol.

Statistical analysis

Descriptive statistics was used to evaluate baseline characteris-
tics. Variables with normal distribution were presented as medi-
an with interquartile range, and those without normal distribu-
tion were expressed as mean + standard deviation (SD). The >
test or Fisher's exact test were used to analyse categorical vari-
ables. Continuous variables were analysed either with two-
sided Student t- test or Mann-U-Whitney test depending on
normality of their distribution. The regression model was used
to analyse the contribution of independent variables on depend-
ent variables. In the regression model, age, gender, fracture
type, and group were set as independent variables to analyse
their contribution on dependent variables (analgesic consump-
tion, VAS score and HHS value). Because of the small sample
size, adjusted R? values were used to explain variance. Results
were considered significant with p<0.05.

RESULTS

Out of 56 patients who were included in the study, 39 (69.64%)
were females and 17 (30.35%) males (p=0.383). Patients in the
vitamin C group were older 79.68 (+6.59) than patients in the
control group 78.36 (+8.93), without significance (p=0.532)
(Table 1).

Patients in both groups had similar time from admission to
surgical intervention (p=0.980). Postoperative duration of hos-
pitalization was without statistically significant difference
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Table 1. Baseline characteristics of patients, metamizole consumption, Visual Analogue Scale (VAS) score, and Harris Hip Score

(HHS) values across groups

Variables Vitamin C group patients (N=28) Control group patients (N=28) p
Gender (No; %)

Males 10 (17.86) 7 (12.50) 0383
Females 18 (32.14) 21 (37.50) :
Age (mean £SD) (years) 79.68 (£6.59) 78.36 (+8.93) 0.532
Preoperative hospitalization (range) (days) 7 (4-10) 7 (4.5-9.5) 0.980
Postoperative hospitalization (range) (days) 6 (3-9) 7 (4-10) 0.369
Side of fracture (No; %)

Left 14 (25.00) 16 (28.57) 0.59
Right 14 (25.00) 12 (1.42) :
Fracture type (AO/OTA) (No; %)

Al 7(12.50) 6 (10.70)

A2 19 (33.93) 21 (37.50) 0.775
A3 2 (3.57) 1(1.78)

Metamizole consumption (range) (mg) 2500 (1406.25-3593.75) 5000 (3906.75-6093.75) 0.006
Median VAS score (range)

2 days 5 (4.50-5.50) 6 (4.35-7.37) 0.000
14 days 3 (2.00-4.00) 4 (3.12-4.87) 0.000
6 weeks 2 (2.00-2.00) 3(2.12-3.87) 0.001
12 weeks 1(0.62-1.37) 2 (1.50-2.50) 0.11
HHS value (mean+SD)

6 weeks 57.89 (+10.86) 56.43 (£13.29) 0.655
12 weeks 70.66 (£11.76) 71.72 (£13.55) 0.755
Compliance* Predicted Consumed

Vitamin C 500 mg tablets (No) 2128 1725

* Compliance is 81%

AO, Arbeitsgemeinschaft fiir Osteosynthesefragen
between the groups (p=0.369). No significant difference was  Table 2. Surgical and medical complications across groups
found in fractur.e 51.de d.1str1but10n across the groups (p—0.592). No of patients
Fracture pre filstrlbutlon across thg groups,‘accordlng to the Surgical complication Vitamin C Control p
AO classification, was also not significantly different (p=0.775) group group
(Table 1). The median postoperative metamizole consumption ~ Superficial wound
was notably higher in the control group than in the vitamin C  infection 0 ! 0.500
group (p=0.006). The median VAS score was higher in the _Cutout i L 1 0.245
control group compared to the vitamin C group at 2 and 14 Medical complications

. UTI 0 3 0.118

postoperative days as well as at 6 and 12 weeks after the opera- P . .

R . . ostoperative delirium 0 1 0.500
tion. The difference between the median VAS score values  pyT 0 1 0.500

significantly varied at every follow-up (p<0.05) (Table 1).

The mean HHS value was higher (but not significant) in
the vitamin C group (57.89+10.86) compared to the control
group (56.43 = 13.29) at 6 weeks postoperatively (p=0.655). In
contrast, the mean HHS value was higher in the control group
(71.72 £ 13.55) than in the vitamin C group (70.66 + 11.76)
(but not significant) at 12 weeks postoperatively (p=0.755).
Compliance was 81% (Table 1).

One patient in the control group had a superficial wound
infection, and one patient in each group had cut out as the sur-
gical complications (Table 2). No postoperative urinary tract
infections (UTI) were noticed in the vitamin C group; UTI was
found in three female patients of the control group (p=0.118).
Postoperative delirium was noted in one patient in the control
group, and one patient in the control group had deep vein
thrombosis (DVT).

A moderate correlation between the independent variables
and analgesic consumption was found (R=0.443), and 19.6% of
explained variance. Statistical significance was proved by
ANOVA test (p=0.023). The analysis showed that the group
variable significantly contributed to analgesic consumption
(p=0.009) (Table 3).

The VAS scores showed moderate correlation between the
variables at 2 (R=0.560) and 14 days (R=0.641) postoperatively
123

UTI, Urinary tract infection; DVT, Deep Vein Thrombosis

Table 3. Contribution of variables to postoperative metamizole
consumption®

Metamizole consumption Beta t P

(Constant) 2.925 0.005
Age -0.217 -1.613 0.113
Gender 0.109 0.836 0.407
Fracture type 0.131 0.968 0.338
Group -0.345 -2.715 0.009

*Contribution of four independent variables (age, gender, fracture type, and
group) to postoperative metamizole consumption;

Beta, standardized coefficient; t, t-test or t value greater than +2 or less than -2
is considered to be statistically significant

with 36.5% and 18.5% of explained variance, respectively, as
well as moderate correlation at 6 weeks (R=0.494) and 12
weeks (R=0.457) with 18.5% and 14.7% of explained variance,
respectively. The model was confirmed with ANOVA test which
was statistically significant for every follow-up time. The anal-
ysis showed that the group variable significantly contributed to
VAS score at each follow-up point (Table 4).

The HHS values showed a moderate correlation between
the variables at 6 weeks (R=0.584) and 12 weeks (R=0.642)
postoperatively with 19.6% and 28.9% of the explained vari-



ance. ANOVA test was significant for both follow-up times
(p<0.0005) (Table 5).

The age and gender were variables that significantly con-
tributed to HHS value at 6 weeks postoperatively (p<0.0005
and p=0.003, respectively). The same variables significantly
contributed to HHS values at 12 weeks postoperatively (Table 5).

Side effects of vitamin C were not noted in this study.
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taking vitamin C after foot and ankle surgery, in comparison to
the control; additionally, less analgesic consumption was noted
at the end of the 6" week, and functional outcome improved at
the end of the third month in patients who were taking vitamin
C. Unlike this study, we found significantly lower VAS scores
in the vitamin C group at 2 and 6 weeks postoperatively, and
functional outcome was not significantly different between the
groups at 3 a month follow-up. Lower analgesic consumption in
the vitamin C group in our study was found similar with other

Table 4. Contribution of variables to Visual Analogue Scale (VAS)* score

Model Beta t P
VAS 2 days
(Constant) 5.130 0.000
Age -0.024 -0.189 0.851
Gender 0.221 1.831 0.073
Fracture type -0.159 -1.271 0.210
Group -0.477 -4.064 0.000
VAS 14 days
(Constant) 5.130 0.000
Age -0.024 -0.189 0.851
Gender 0.221 1.831 0.073
Fracture type -0.159 -1.271 0.210
Group -0.477 -4.064 0.000
VAS 6 weeks
(Constant) 4.082 0.000
Age 0.042 0.319 0.751
Gender 0.127 1.001 0.321
Fracture type -0.207 -1.576 0.121
Group -0.435 -3.527 0.001
VAS 12 weeks
(Constant) 3.529 0.001
Age -0.016 -0.118 0.907
Gender 0.240 1.850 0.070
Fracture type -0.248 -1.848 0.070
Group -0.311 -2.469 0.017

*Contribution of four independent variables (age, gender, fracture type, and group) to postoperative VAS score values; Beta, standardized coefficient; t, t-test

or t value greater than +2 or less than -2 is considered to be statistically significant

Table 5. Contribution of variables to Harris Hip Score (HHS)* value

Model Beta t P
HHS 6 weeks
(Constant) 5.005 0.000
Age -0.367 -3.005 0.004
Gender -0.430 -3.632 0.001
Fracture type 0.116 0.946 0.349
Group 0.042 0.366 0.716
HHS 12 weeks
(Constant) 7.433 0.000
Age -0.490 -4.252 0.000
Gender -0.352 -3.145 0.003
Fracture type 0.035 0.300 0.765
Group -0.042 -0.384 0.702

*Contribution of four independent variables (age, gender, fracture type, and group) to postoperative HHS score values; Beta, standardized coefficient; t, t-
test or t value greater than +2 or less than -2 is considered to be statistically significant

DISCUSSION

Trochanteric fractures are mostly sustained by patients >70
years of age, with prevalence higher in females (25). Our study
population was close to 80 years old, with predomination of
females, which shows that demographics of our population are
similar to previously reported results (26).

In a study of Jain SK et al. (27), higher VAS scores were
reported at 2 and 6 weeks postoperatively in patients who were

reports (27). Diabetic patients were not included in our study,
and it is probably the reason for a different result compared to a
study with an inclusion of diabetics (27).

A meta-analysis (10), which investigated the influence of
vitamin C on analgesic consumption in abdominal and gynae-
cology surgical patients, showed a significantly lower pain
score and morphine consumption at postoperative 24 hours. In
our study, analgesic consumption also showed significant re-
duction in patients who received vitamin C with significantly
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lower VAS scores at 48 hours postoperatively. Highest pain was
expected on the second postoperative day, since drains were
removed 48 hours after surgery, patients were taken to control
X-ray, and were mobilized on the same day, thus evaluating
VAS score at 48 hours postoperatively was important. In con-
trast, no studies with orthopaedic surgical patients were includ-
ed in the meta-analysis (10).

A systematic review of factors influencing mortality and
functional recovery in trochanteric fracture patients found con-
tradictory results for gender as a contributor to functional out-
come; additionally, older age contributes to a lower functional
outcome, impairment, and prolonged hospitalization (2). Our
results also showed that age significantly affected functional
outcome.

Migration of the cephalic screw was noted in one patient in
both groups of our study, which is primary surgical complica-
tion. Surgical technique is very important in avoiding this com-
plication. Adequate tip-to-apex distance (TAD), anatomic re-
duction before reaming and passing of the intramedullary nail is
mandatory (28). The study of Lanzetti RM et al. (29) showed
that with proper surgical technique in stable trochanteric frac-
tures, distal locking is not necessary.

Three female patients in the control group of our study had
urinary tract infection (UTI) after surgery. An increased risk for
UTI after surgery for trochanteric fracture compared with the
risk in patients without it was reported (30). Vitamin C is often
recommended as a supplement that can prevent recurrent UTI
by acidification of the urine (31).

One of our patients had postoperative superficial wound in-
fection. Despite the possible influence of vitamin C on reducing
systemic infections, its potential to increase type 1 collagen syn-
thesis could lead to less local wound healing complications (32).

There were no detected side effects associated with vitamin
C in our study, thus vitamin C is a safe, available, and afforda-
ble agent.

Considering pharmacokinetics of vitamin C, it is safe to
propose oral and intravenous doses of vitamin C of 2 grams
daily (33,34).

Since previous studies demonstrated the positive effects of
vitamin C in surgery of the joints other than hip fracture one,
this study highlights possible analgesic role of vitamin C in hip
fracture surgery.

Non-blinding is a limitation of this study. Blinding is diffi-
cult because of the different routes of vitamin C administration.
Since non-blinding could affect patient reported outcome, ob-
jective analgesic consumption was also included in the study as
an outcome for more objective pain measurement. We also
avoided a placebo effect by not giving a placebo medication.

In conclusion, our findings showed significant reduction of
subjective pain levels and lower analgesic consumption in pa-
tients who received vitamin C, suggesting that it should be
considered as an adjuvant agent for analgesia in patients with
hip fracture. Age and gender predominantly affected the func-
tional outcome.

A full-scale study is needed to generalize the results, fur-
ther evaluate their significance and clinical outcomes.

125

AUTHOR CONTRIBUTIONS

Conceptualization, M.S. and D.O.; methodology, M.S., F.L. and
A.P.; software, M.S. and F.L.; validation, M.S., P.O. and F.L.;
formal analysis, M.S.; investigation, M.S. and F.L.; resources,
b.0.; data curation, A.P.; writing—original draft preparation,
M.S. and B.O.; writing—review and editing, M.S.; visualiza-
tion, D.0.; supervision, D.0.; project administration, A.P. All
authors have read and agreed to the published version of the
manuscript.

FUNDING

No specific funding was received for this study

TRANSPARENCY DECLARATION

Conflict of interests: None to declare.

REFERENCES

1 Sing C-W, Lin T-C, Bartholomew S, Bell JS, Bennett C,
Beyene K, et al. Global Epidemiology of Hip Fractures:
Secular Trends in Incidence Rate, Post-Fracture Treatment,
and All-Cause Mortality. J Bone Miner Res Off J Am Soc
Bone Miner Res 2023;38;(8):1064—75. doi:10.1002/jbmr.4
821.

2 XuBY, Yan S, Low LL, Vasanwala FF, Low SG. Predic-
tors of poor functional outcomes and mortality in patients
with hip fracture: a systematic review. BMC Musculoskel-
et Disord 2019;20;(1):568. doi: 10.1186/s12891-019-2950-
0.

3 Cheng Y-X, Sheng X. Optimal surgical methods to treat
intertrochanteric fracture: a Bayesian network meta-
analysis based on 36 randomized controlled trials. J Or-
thop Surg 2020;15;(1):402. doi: 10.1186/s13018-020-0194
3-9.

4 Turesson E, Ivarsson K, Thorngren K-G, Hommel A. Hip
fractures - Treatment and functional outcome. The devel-
opment over 25 years. Injury 2018;49;(12):2209-15. doi:
10.1016/j.injury.2018.10.010.

5 Takahashi A, Naruse H, Kitade I, Shimada S, Tsubokawa
M, Kokubo Y, et al. Functional outcomes after the treat-
ment of hip fracture. PloS One 2020;15;(7):¢0236652. doi:
10.1371/journal.pone.0236652.

6  Veronese N, Maggi S. Epidemiology and social costs of
hip fracture. Injury 2018;49;(8):1458—60. doi: 10.101
6/j.injury.2018.04.015.

7 Elsevier H, Cannada LK. Management of Pain Associated
with Fractures. Curr Osteoporos Rep 2020;18;(3):130-7.
doi: 10.1007/s11914-020-00578-3.

8 Oakes B, Bolia IK, Weber AE, Petrigliano FA. Vitamin C
in orthopedic practices: Current concepts, novel ideas, and
future perspectives. J Orthop Res Off Publ Orthop Res Soc
2021;39;(4):698-706. doi: 10.1002/jor.24947.

9 Ripani U, Manzarbeitia-Arroba P, Guijarro-Leo S, Urrutia-
Grafia J, De Masi-De Luca A. Vitamin C May Help to Re-
duce the Knee’s Arthritic Symptoms. Outcomes Assess-
ment of Nutriceutical Therapy. Med Arch Sarajevo Bosnia
Herzeg 2019;73;(3):173-7. doi: 10.5455/medarh.2019.7
3.173-177.



10

11

12

13

14

15

16

17

18

19

20

21

Hung K-C, Lin Y-T, Chen K-H, Wang L-K, Chen J-Y,
Chang Y-J, et al. The Effect of Perioperative Vitamin C on
Postoperative Analgesic Consumption: A Meta-Analysis of
Randomized Controlled Trials. Nutrients 2020;12;(10):
3109. doi: 10.3390/nu12103109.

Hernigou J, Labadens A, Ghistelinck B, Bui Quoc E, Maes
R, Bhogal H, et al. Vitamin C prevention of complex re-
gional pain syndrome after foot and ankle surgery: a pro-
spective randomized study of three hundred and twenty
nine patients. Int Orthop 2021;45;(9):2453-9. doi: 10.10
07/s00264-021-05159-2.

Giustra F, Bosco F, Aprato A, Artiaco S, Bistolfi A, Masse
A. Vitamin C Could Prevent Complex Regional Pain Syn-
drome Type I in Trauma and Orthopedic Care? A System-
atic Review of the Literature and Current Findings. Sisli
Etfal Hastan Tip Bul 2021;55;(2):139-45. doi: 10.147
44/SEMB.2021.82335.

Meccariello L, Bello AI, Bove G, Gagliardo N, Raffaele D,
Matera L. The ion resonance and bromelain-vitamin C vs
bromelainvitamin C to prevent ankle complications in
post-operative bimalleolar surgery. Med Glas Off Publ
Med Assoc Zenica-Doboj Cant Bosnia Herzeg 2024;21;
(1):236-43. doi: 10.17392/1691-23.

Laumonerie P, Martel M, Tibbo ME, Azoulay V, Mansat P,
Bonnevialle N. Influence of vitamin C on the incidence of
CRPS-I after subacromial shoulder surgery. Eur J Orthop
Surg Traumatol Orthop Traumatol 2020;30;(2):221-6. doi:
10.1007/s00590-019-02542-z.

Martel M, Laumonerie P, Girard M, Dauzere F, Mansat P,
Bonnevialle N. Does vitamin C supplementation improve
rotator cuff healing? A preliminary study. Eur J Orthop
Surg Traumatol Orthop Traumatol 2022;32;(1):63—70. doi:
10.1007/s00590-021-02926-0.

Behrend H, Lengnick H, Zdravkovic V, Ladurner A, Rudin
D, Erschbamer M, et al. Vitamin C demand is increased af-
ter total knee arthroplasty: a double-blind placebo-
controlled-randomized study. Knee Surg Sports Traumatol
Arthrosc Off J ESSKA 2019;27;(4):1182-8. doi: 10.10
07/s00167-018-5030-3.

Rosenfeldt F, Wilson M, Lee G, Kure C, OuR, Braun L, et
al. Oxidative Stress in Surgery. In: Laher I, editor. Syst.
Biol. Free Radic. Antioxid., Berlin, Heidelberg: Springer
Berlin Heidelberg; 2014, p. 3929-46. doi: 10.1007/978-3-
642-30018-9 177.

Handcox JE, Gutierrez-Naranjo JM, Salazar LM, Bullock
TS, Griffin LP, Zelle BA. Nutrition and Vitamin Deficien-
cies Are Common in Orthopaedic Trauma Patients. J Clin
Med 2021;10;(21):5012. doi: 10.3390/jcm10215012.
Hill-Miindel K, Schlegl J, Biesalski HK, Ehnert S, Schro-
ter S, Bahrs C, et al. Preoperative Ascorbic Acid Levels in
Proximal Femur Fracture Patients Have No Postoperative
Clinical Impact, While Ascorbic Acid Levels upon Dis-
charge Have a Major Effect on Postoperative Outcome. J
Clin Med 2019;9;(1):66. doi: 10.3390/jcm9010066.
Randomizer. Randomizer 2023. http://www.randomizer.o
rg (accessed January 7, 2023).

Miiller ME, Koch P, Nazarian S, Schatzker J. The Com-
prehensive Classification of Fractures of Long Bones. Ber-

22

23

24

25

26

27

28

29

30

31

32

33

34

Sivro et. al. Ascorbic acid usage in hip fractures

lin, Heidelberg: Springer Berlin Heidelberg; 1990. doi:
10.1007/978-3-642-61261-9.

Mayhew D, Mendonca V, Murthy BVS. A review of ASA
physical status - historical perspectives and modern devel-
opments. Anaesthesia 2019;74;(3):373-9. doi: 10.111
1/anae.14569.

Heller GZ, Manuguerra M, Chow R. How to analyze the
Visual Analogue Scale: Myths, truths and clinical rele-
vance. Scand J Pain 2016;13:67-75. doi: 10.1016/j.sjp
ain.2016.06.012.

Harris WH. Traumatic arthritis of the hip after dislocation
and acetabular fractures: treatment by mold arthroplasty.
An end-result study using a new method of result evalua-
tion. J Bone Joint Surg Am 1969;51;(4):737-55.

Li L, Bennett-Brown K, Morgan C, Dattani R. Hip frac-
tures. Br J Hosp Med Lond Engl 2005 2020;81;(8):1-10.
doi: 10.12968/hmed.2020.0215.

Zuckerman JD. Hip fracture. N Engl J] Med 1996;334;
(23):1519-25. doi: 10.1056/NEJIM199606063342307.
Jain SK, Dar MY, Kumar S, Yadav A, Kearns SR. Role of
anti-oxidant (vitamin-C) in post-operative pain relief in
foot and ankle trauma surgery: A prospective randomized
trial. Foot Ankle Surg Off J Eur Soc Foot Ankle Surg
2019;25;(4):542-5. doi: 10.1016/j.fas.2018.05.001.
Yoon Y-C, Oh C-W, Sim J-A, Oh J-K. Intraoperative as-
sessment of reduction quality during nail fixation of inter-
trochanteric fractures. Injury 2020;51;(2):400—6. doi: 10.1
016/j.injury.2019.10.087.

Lanzetti RM, Caraffa A, Lupariello D, Ceccarini P, Gam-
baracci G, Meccariello L, et al. Comparison between
locked and unlocked intramedullary nails in intertrochan-
teric fractures. Eur J Orthop Surg Traumatol Orthop Trau-
matol 2018;28;(4):649-58. doi: 10.1007/s00590-018-21
43-9.

Lin Y-C, Hsu Y-C, Wu W-T, Lee R-P, Wang J-H, Chen H-
W, et al. The incidence of severe urinary tract infection in-
creases after hip fracture in the elderly: a nationwide co-
hort study. Sci Rep 2021;11;(1):3374. doi: 10.1038/s415
98-021-83091-6.

Carlsson S, Wiklund NP, Engstrand L, Weitzberg E,
Lundberg JO. Effects of pH, nitrite, and ascorbic acid on
nonenzymatic nitric oxide generation and bacterial growth
in urine. Nitric Oxide Biol Chem 2001;5;(6):580-6. doi:
10.1006/ni0x.2001.0371.

DePhillipo NN, Aman ZS, Kennedy MI, Begley JP,
Moatshe G, LaPrade RF. Efficacy of Vitamin C Supple-
mentation on Collagen Synthesis and Oxidative Stress Af-
ter Musculoskeletal Injuries: A Systematic Review. Orthop
J Sports Med 2018;6;(10):2325967118804544. doi: 10.117
7/2325967118804544.

Lykkesfeldt J, Tveden-Nyborg P. The Pharmacokinetics of
Vitamin C. Nutrients 2019;11;(10):2412. doi: 10.339
0/nul1102412.

Chen P, Reed G, Jiang J, Wang Y, Sunega J, Dong R, et al.
Pharmacokinetic Evaluation of Intravenous Vitamin C: A
Classic Pharmacokinetic Study. Clin Pharmacokinet
2022;61;(9):1237-49. doi:10.1007/s40262-022-01142-1.

Publisher's Note Publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations

126



	INTRODUCTION
	PATIENTS AND METHODS
	Patients and study design
	Methods
	Statistical analysis

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING
	TRANSPARENCY DECLARATION
	REFERENCES

