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Purpose: A single-injection nerve block provides excellent analgesia in a short time, but rebound pain after the nerve block 
disappears has attracted researchers’ attention. The aim of this study is to evaluate the effect of intravenous dexamethasone on 
rebound pain after adductor canal block (ACB) and popliteal sciatic nerve block in patients with ankle fracture.
Methods: We recruited 130 patients with ankle fractures scheduled for open reduction and internal fixation (ORIF), each of whom 
received ACB and popliteal sciatic nerve block. Patients were divided into two groups: C (ropivacaine only) and IV (ropivacaine with 
intravenous dexamethasone). The primary outcome was the incidence of rebound pain. Secondary outcomes included the following: 
pain scores at 6 h (T1), 12 h (T2), 18 h (T3), 24 h (T4), and 48 h (T5) after operation; duration of the nerve block; number of presses of 
the analgesia pump and rescue analgesic consumption in the three-day postoperative period; quality of recovery scale (QoR-15 score); 
postoperative sleep quality; satisfaction of patients; and levels of serum inflammatory markers (IL-1β, IL-6, and TNF-α) six hours after 
surgery.
Results: Compared with group C, the incidence of rebound pain in group IV was significantly reduced, and the duration of nerve 
block was extended by approximately nine hours (P<0.05). Moreover, patients in group IV had significantly lower pain scores at T2 

-T4, lower levels of serum inflammatory markers (IL-1β, IL-6, and TNF-α), higher QoR-15 score two days after the operation, and 
satisfactory sleep quality the night after surgery (P<0.05).
Conclusion: Intravenous dexamethasone can reduce the rebound pain after adductor block and sciatic popliteal nerve block in 
patients with ankle fracture surgery, prolong the duration of nerve block, and improve the quality of early postoperative recovery.
Keywords: dexamethasone, nerve block, postoperative analgesia, ankle fracture, rebound pain

Introduction
Patients with ankle fractures often have acute pain after surgery. Peripheral nerve blocks are widely used in patients with 
ankle fractures because of their precise analgesic effect, which can reduce postoperative opioid use and accelerate 
postoperative recovery.1 However, in recent years, rebound pain after nerve block has become a reason for concern.2,3 

Patients who receive nerve blocks can get adequate analgesic effect shortly after surgery, but once the block effect 
disappears, some patients experience severe pain; the intensity and frequency of rebound pain seem to be higher after 
upper limb rather than lower limb surgery.4,5 In a qualitative study of patients’ experiences, Henningsen et al6 found that, 
although nonsteroidal drugs were given preemptively, some patients still suffered severe pain after ankle fracture surgery. 
Therefore, it is necessary to further explore the rebound pain in lower limb orthopedic surgery. Nowadays, many such 
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operations are performed on an outpatient basis, and the occurrence of rebound pain may lead to excessive prescription of 
opioid medications and more demand of medical resources.4,7 Therefore, it is urgent to find an effective method to relieve 
rebound pain after surgery and ensure that pain is adequately managed to improve patient prognosis and rehabilitation.

Continuous peripheral nerve block and dexamethasone as an adjuvant mixed with local anesthetic perineural 
administration are currently effective measures to prevent rebound pain.5,8 However, continuous peripheral nerve 
block has shortcomings, such as catheter displacement and fluid leakage, and the need of follow-up care limits its 
application.9 Dexamethasone, as a long-acting glucocorticoid commonly used in the perioperative period, has anti- 
inflammatory, analgesic and postoperative nausea and vomiting prevention effects when applied intravenously;10,11 as an 
adjuvant to nerve block, it can prolong its duration.12 Fang et al8 reported that perineural administration of 8 mg 
dexamethasone is an effective preventive measure for rebound pain after nerve block. However, perineural dexametha-
sone is off-label, and although there are no reports of nerve damage caused by dexamethasone used in nerve blocks, its 
safety still needs to be evaluated in large-scale clinical trials.13

At present, there are few reports on intravenous dexamethasone for the prevention of rebound pain after nerve block 
in patients undergoing ankle fracture surgery. Therefore, the purpose of this study was to observe the effect of 
intravenous dexamethasone on rebound pain after adductor canal block (ACB) combined with popliteal sciatic nerve 
block in patients with ankle fractures, and explore the mechanism of its action to provide a reference for postoperative 
pain reduction and improvement of analgesic programs.

Methods
This randomized, double-blind clinical study, conducted in the Third Hospital of Hebei Medical University, was 
approved by our Institutional Ethical Board (NO.2021-020-1) and registered in the Chinese Clinical Trial Registry 
(ChiCTR2100049075). This study was conducted in accordance with the Declaration of Helsinki (October 2013) and 
clinical practice guidelines. Informed consent was obtained from all subjects involved in the study.

Study Design and Participants
In our study we selected patients age 18 or older with American Society of Anesthesiology (ASA) status I-II, which 
underwent open reduction and internal fixation (ORIF) of an ankle fracture between July 2021 and March 2022. Eligible 
fracture patterns were bimalleolar or trimalleolar fracture. The following exclusion criteria were applied: body mass 
index ≥35kg/m2; medical contraindication to nerve block (eg coagulopathy, allergy to local anesthetics, or localized 
infectious and neurologic disease) or dexamethasone; multiple injuries or fractures; time from fracture to operation over 
five days; cognitive or psychiatric dysfunction causing inability to use intravenous analgesia pump and/or inability to 
verbally communicate pain scores; pregnancy; receiving chronic pain treatment; having drug abuse history; having 
respiratory or cardiac diseases; and nerve block failure expressed as pain of at least three points in the numeric rating 
scale (NRS) three hours after surgery.

Randomization
Patients were equally distributed in two groups (C and IV) using random numbers. Before the operation, patients in 
group C received 2 mL of intravenous normal saline and those in group IV received 10 mg of intravenous dexamethasone 
(5 mg/mL, batch number: 2201201, Tianjin Jinyao Pharmaceutical Co., Ltd, China). All patients, anesthesiologists, 
outcome assessors and the person who analyzed the data were unaware of the patients’ group assignments.

Anesthesia
After the patients entered the operation room, peripheral vein were opened and oxygen facemasks were installed. Routine 
intraoperative monitoring included oxygen saturation (SpO2), electrocardiography (ECG), non-invasive blood pressure 
(NBP), and sedation with intravenous midazolam (2 mg) and sufentanil (3 μg).

Patients were placed in a supine position, and the injured limb was slightly abducted. After skin disinfection, the 
ultrasound probe (line probe, frequency 5–10 MHz, Sonosite, USA) was placed on the medial side of the mid-thigh. The 
sartorius, adductor longus, vastus medialis muscles, and the femoral artery were identified. Using an in-plane technique, 
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the nerve block needle reached the adductor canal, and 20 mL of 0.375% ropivacaine (Batch number: LCCU, 
AstraZeneca AB, Sweden) was injected into the lateral triangular region of the femoral artery. Subsequently, patients 
were placed in the lateral decubitus position, and the probe was placed in the popliteal fossa with a short-axis; to identify 
separate tibial and common peroneal nerves and the movement of the probe, tibial and common peroneal nerves were 
brought together above the popliteal crease. After skin disinfection, using an in-plane technique, the nerve block needle 
was passed through the biceps femoris muscle to the vicinity of the nerve and 20 mL of 0.375% ropivacaine was injected.

General anesthesia consisted of sequential intravenous injections of midazolam 0.02–0.08 mg/kg, propofol 1.5–2 mg/ 
kg, sufentanil 0.2–0.4 μg/kg, and cisatracurium 0.1–0.2 mg/kg. After patient’s loss of consciousness, a laryngeal mask 
was placed to conduct mechanical ventilation. Anesthesia was maintained using propofol 3–5 mg·kg−1·h−1 and remi-
fentanil 0.1–0.3 μg·kg−1·h−1. Intermittent intravenous injection of cisatracurium provided muscle relaxation. No patients 
received additional narcotics, local anesthetics or other corticosteroids. All operations were performed by the same team 
of foot and ankle surgeons, and all patients had inflatable tourniquets. Palonosetron 0.25 mg was given intravenously 30 
minutes before the end of surgery to prevent postoperative nausea and vomiting.

Postoperative Management
All patients were connected with patient-controlled intravenous analgesia (PCIA) pump (1.5 μg/kg sufentanil, saline 
diluted to 100mL; flow rate:2 mL/h; bolus: 0.5 mL; lockout time: 15 mins). When they felt the nerve block was 
ineffective, the patients were instructed to open PCIA independently, and they could press the button for the PCIA bolus 
when experiencing severe pain. If the patient needed more analgesics in the ward, ketorolac tromethamine 30 mg was 
administered intravenously.

Blood Samples
A venous blood sample (4 mL) was extracted from each patient before anesthesia (T0), and 6 hours after surgery (T1). 
After 1000 g centrifugation during 15 min the serum was sub-packed and stored at −80°C.

Outcome Assessment
The primary outcome were the pain rebound, including the incidence, onset and duration of rebound pain. Referring to 
the definition of rebound pain by Barry et al:2 an increase from well-controlled pain (NRS pain score ≤3) to severe pain 
(NRS pain score ≥7) typically within 12 to 24 hours of resolution of the nerve block.

The secondary outcomes were: (a) postoperative pain level of patients at 6h (T1), 12h (T2), 18h (T3), 24h (T4) 
and 48h (T5) after operation; (b) the duration of the nerve block, which was defined as the time from completion 
of the block to the first sensation of pain at the surgical site; (c) the time of the first analgesic request, total 
number of presses of the analgesia pump and rescue analgesic in the postoperative period of three days; (d) 
quality of recovery scale (QoR-15 score) used to evaluate the early postoperative recovery at postoperative day 
two; (e) sleep quality on the night of surgery and postoperative day 1; (f) patient satisfaction was collected at 
postoperative day two; (g) postoperative nausea and vomiting (PONV), and other postoperative adverse events 
within three day. The sleep quality before the injury was used as a criterion; sleep quality was assessed using 
a numeric rating scale (0–10 points). Patients’ satisfaction was evaluated by questioning whether they would like 
to receive the same analgesic method in the future (0–10 points). Postoperative follow-up was done by a research 
assistant.

Serum Index Detection
Serum levels of interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) were determined by 
commercial IL-1β, IL-6 and TNF-α (4A Biotech Co., Ltd, China) ELISA kits, respectively.

Sample Size Estimation and Statistical Analyses
The sample size for the study was calculated using SAS version 9.1. According to the published literature,14 the 
incidence of rebound pain is about 50%. We aimed to reduce rebound pain by 25% in group IV compared to group 
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C. We calculated that 58 patients per group were needed (power = 80%, α = 0.05), but to allow for the incidence of 
patient withdrawals, we planned for 65 patients per group.

Kolmogorov–Smirnov test was used to assess distribution of the variables. The measurement data of normal 
distribution was expressed by mean±SD, the comparison between groups was performed by two independent 
samples t-test, the measurement data of skewness distribution was expressed by median and IQR, and the 
comparison between groups was expressed by Mann–Whitney test. The duration of nerve block, the time of 
first analgesia and QoR-15 were estimated by Hodges-Lehmann Estimation at 95% CI. Duration of nerve block 
was estimated using the Kaplan-Meier method and compared using the Log rank test. Categorical data were 
expressed as frequency (percentage), using Pearson’s chi-squared test or Fisher’s exact probabilities test.

All statistical analyses were performed with IBM SPSS software version 25.0 (SPSS Inc, Chicago, IL). The 
significance level for each hypothesis was a two-sided P < 0.05.

Results
One hundred forty patients were initially included in this study; ten of them were excluded because they did not meet the 
inclusion criteria. Finally, one hundred and thirty patients were enrolled. Figure 1 presents the group allocation process 
according to the Consolidated Standards of Reporting Trials statement.

There were no statistically significant differences between the two groups regarding the baseline demographic, 
anesthetic, or surgery characteristics (Table 1).

The incidence of rebound pain was significantly lower in Group IV (15%) than in group C (44%, P<0.001). Rebound 
pain onset was after 12 (5, 30) min in group C and 30 (12, 67) min in group IV (P>0.05). There was no significant 
difference in the duration of rebound pain between the two groups, which was about 3 hours (P>0.05). The duration of 
nerve block for groups C and IV were 16 (14–18) hours and 24 (22.5–27.5) hours, respectively (Figure 2). Compared 
with group C, the duration of nerve block of group IV was 9 hours longer (P<0.001). Compared with group C, patients in 
group IV had significantly lower NRS scores from T2 to T4 (P<0.05). There were no significant differences in NRS 
scores at T1 and T5 (P>0.05). The time to first analgesic request was 17 (15–19) hours in the group C and 26 (23–30) 
hours in the group IV (P<0.001). Patients pressed the analgesia pump and rescue analgesia more frequently in group 
C than in group IV (P<0.05), as illustrated in Table 2.

Figure 1 The consolidated standards of Reporting Trials statement.
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Before surgery, there were no significant differences between two groups for TNF-α, IL-1β, or IL-6. In group 
C, IL-1β, IL-6, and TNF-α levels were increased at T1 compared with before surgery (P<0.05). The level of TNF- 
α, IL-1β, and IL-6 were lower in the group IV compared with that of the group C at T1 (P<0.05), as shown in 
Figure 3.

Compared with group C, patients in group IV had significantly higher QoR-15 scores on the second day after surgery, 
and significantly higher sleep score on the night of surgery (P<0.05). There were no significant differences on the night 
of the first postoperative day and patient satisfaction (P>0.05). There were no significant differences between the groups 
in the incidence of postoperative adverse effects, including postoperative nausea and vomiting, pruritus, infection, and 
nerve damage. (Table 3)

Table 1 Clinical Baseline Characteristics and Perioperative Data in Two Groups (n=65)

Group C Group IV P-value

Age, years 43.3±12.9 44.3±14.5 0.659a

Sex, n (%) 0.138c

Male 47 (72.3%) 39 (60.0%)

Female 18 (27.7%) 26 (40.0%)
BMI, kg/m2 25.6±3.0 25.7±3.3 0.847a

ASA physical status, n (%) 0.590c

I 41 (63.0%) 38 (58.5%)
II 24 (36.9%) 27 (41.5%)

Duration of surgery, min 81.4±20.8 85.3±25.9 0.251a

Duration of anesthesia, min 112.8±30.5 121.2±33.5 0.579a

Fracture type, n (%) 0.725c

Bimalleolar 30 (46.2%) 32 (49.2%)
Trimalleolar 35 (53.8%) 33 (50.7%)

Preoperative pain, NRS 3 (2–4) 3 (2–4) 0.472b

Notes: Data are presented as mean (SD), median [interquartile range], or number (percentage). aStudent’s 
t-test. bMann–Whitney U-test. cPearson’s chi-squared test. 
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; NRS, numeric rating scale.

Figure 2 Kaplan–Meier plot describing nerve block duration in the study groups. The median (95% CI) difference in nerve block duration for Group IV compared with 
Group C was 9 (8–10) hours.
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Discussion
The present study shows that intravenous dexamethasone as an adjuvant effectively reduces the occurrence of rebound 
pain after nerve block, prolongs the duration of ACB and popliteal sciatic nerve block in patients with ankle fracture, 
reduces the consumption of postoperative analgesic drugs, and improves the quality of the postoperative recovery of 
patients.

In this study, patients with a bimalleolar or trimalleolar fracture with resection and internal fixation were selected, and 
the medial and lateral ankle joints were independently innervated by the saphenous nerve branch of the femoral nerve and 
the sciatic nerve. Therefore, we chose here to use ACB combined with popliteal sciatic nerve block. All nerve blocks 

Table 2 Rebound Pain and Postoperative Data in Two Group (n=65)

Group C Group IV P-value

Incidence of rebound pain, n (%) 28 (44%) 10 (15%) <0.001a

Median onset of rebound pain since nerve block resolution, min* 12 (5–30) 30 (12–67) 0.101b

Mean duration of rebound pain, hours* 3.3±1.1 3.6±1.1 0.627c

Duration of sensor block, hours 16 (14–18) 24 (22.5–27.5) <0.001b

Median pain score, NRS

T1 0 (0–1) 0 (0–0) >0.999b

T2 2 (0–3) 0 (0–0) <0.001b

T3 4 (2–5) 0 (0–2) <0.001b

T4 5 (3–5) 3 (2–5) 0.002b

T5 3 (2–3) 3 (2–3) 0.470b

Total number of times the patient pressed the analgesia pump 3 (2–4) 2 (1–3) 0.004b

Median time to the first analgesic request, hours 17 (15–19) 26 (23–30) <0.001b

Total number of rescue analgesia 0 (0–2) 0 (0–1) 0.025b

Notes: Data are presented as mean (SD), median [interquartile range], or number (percentage). The median (95% CI) difference in first analgesic 
request for Group IV compared with Group C was 9 (7–11). aPearson’s chi-squared test. bMann–Whitney U-test. cStudent’s t-test. *Among patients 
experiencing rebound pain.

Figure 3 (A) TNF-α, (B) IL-1β, and (C) IL-6 before the surgery and at 6 hours after surgery. *P<0.05.
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were performed under ultrasound guidance by the same physician, skilled in nerve block techniques, which could ensure 
the effectiveness of the nerve block, and patients were excluded from this study if they had significant pain (NRS≥3) 
three hours after surgery. At present, there is no optimal dose of intravenous dexamethasone for nerve block, and this 
study is based on the results of Kim et al.15

The mechanism by which dexamethasone reduces rebound pain may be related to its prolonged duration of nerve 
block and anti-inflammatory effect. The results of this study showed that the duration of nerve block in the IV group was 
nine hours longer than that in the C group, and the incidence of rebound pain was reduced by 29%. A recent randomized 
controlled trial of perineural dexamethasone showed that it decreases the incidence of rebound pain in patients under-
going arthroscopic shoulder surgery under single interscalene block combined general anesthesia and that perineural 
dexamethasone in the dexamethasone group prolonged the duration of the rebound pain by 8.1 h and reduced the 
incidence of the rebound pain by 45.8%,4 This is basically consistent with our results. In a study by Williams et al5 they 
found that the rebound pain score decreased with the increase of the duration of peripheral nerve block. Approximately 
33 hours of additional nerve block time is required to reduce rebound pain scores by one unit. Yun et al16 found that the 
continuous interscalene brachial plexus block reduced the patient’s average pain score, and it remained below 3 points for 
three days after surgery. In addition, studies have shown that the incidence of rebound pain in upper limb surgery is much 
higher than in lower limb surgery,2 which may be related to the longer duration of nerve block in the lower extremities.

The reason for prolonged nerve block duration with intravenous dexamethasone is still speculative, and several 
mechanisms may explain this phenomenon: systemic anti-inflammatory and analgesic effects of dexamethasone, pain 
reduction may cause patients to experience a subjective sensation of longer block duration, but some findings show 
evidence of prolonged motor block also with intravenous dexamethasone.17 Alternatively, the systemic effect of 
intravenous dexamethasone on the nervous system may be one of the potential mechanisms.

Tissue and peripheral nerve injury from surgery lead to a local inflammatory response resulting in elevated levels of 
pro-inflammatory cytokines, including IL-1β, IL- 6, and TNF-α; these cytokines induce sensitization of the peripheral 
and central nervous systems, resulting in pain hypersensitivity.18,19 Because we cannot accurately estimate the time of 
rebound pain after the nerve block subsides, we measured serum cytokines while the effects of the nerve block were still 
present. Our results showed that serum IL-1β, IL-6, and TNF-α levels were elevated in control patients six hours after 
surgery compared to before surgery. At this point, although the nerve block was still effective, the patients were still 
exposed to higher levels of pain-causing cytokines. Dexamethasone is a long-acting glucocorticoid with anti- 
inflammatory effects. Studies showed that preoperative intravenous dexamethasone can reduce postoperative cytokine 
levels and improve postoperative outcomes.20,21 Our results also showed that serum IL-1β, IL-6, and TNF-α levels were 
reduced six hours after surgery in group IV compared with group C. Tissue injury caused an inflammatory response, and 
the release of inflammatory and nociceptive cytokines peaked within 24 h.22 Ropivacaine temporarily blocks sensory 

Table 3 QoR-15, Sleep Score, Patient Satisfaction and Postoperative Adverse 
Events in Two Group (n=65)

Group C Group IV P-value

QoR-15 score 109 (104–113) 117 (111–119) <0.001a

Sleep score

Night of surgery 5 (4–7) 7 (6–8) 0.001a

Postoperative day 1 7 (7–8) 8 (7–8.5) 0.091a

Patient satisfaction 8 (7–9) 8 (8–9) 0.071a

PONV [n, (%)] 12 (18.5%) 7 (10.7%) 0.218b

Pruritus [n, (%)] 5 (7.6%) 2 (3%) 0.247b

Infection [n, (%)] 0 (0) 0 (0) -
Nerve damage [n, (%)] 0 (0) 0 (0) -

Notes: Data are median [interquartile range], or number (percentage). aMann–Whitney U-test. 
bPearson’s chi-squared test. The median (95% CI) difference in QoR-15 score for Group IV compared 
with Group C was 7 (5–9). 
Abbreviation: PONV, postoperative nausea and vomiting.
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nerve transmission by blocking nerve fibre Na+ channels.23 And when the effect of nerve block wears off, patients may 
still be exposed to higher levels of inflammatory and nociceptive cytokines, leading to the development of rebound pain; 
the prolonged duration of nerve block by dexamethasone, as well as its well-known anti-inflammatory effect, may be 
responsible for the prevention of rebound pain.

Dexamethasone administered perineurally as an adjuvant has been shown to be effective in preventing rebound pain, 
but the mechanism of action of perineural dexamethasone remains controversial, with some studies suggesting that 
intravenous dexamethasone also prolongs the duration of nerve blocks.24,25 Marhofer et al found, in a randomized triple- 
blind crossover study of healthy volunteers, that neither intravenous nor perineural dexamethasone could prolong block 
time.26 And in a pharmacokinetic study of dexamethasone as an adjunct to brachial plexus nerve block, the maximum 
serum concentration (Cmax) for systemic absorption, the mean time to Cmax, and the area under the concentration curve 
were found to be similar for both routes of administration (similar blood concentrations were achieved).27 In addition, 
a retrospective study of ambulatory surgery showed that absence of perioperative intravenous dexamethasone was 
associated with a higher incidence of rebound pain.2 Therefore, the mechanism of perineural dexamethasone in 
preventing rebound pain may also be a consequence of its systemic effect after local absorption.

The QoR-15 is a valid, reliable, responsive, and easy-to-use method to measure the quality of a patient’s postoperative 
recovery.28 Pain is an essential indicator of this. This study showed a statistically significant difference in QOR-15 scores 
between the C and IV groups second day after surgery, close to the minimal clinically important difference (MCID > 
8),29 suggesting that intravenous dexamethasone improves the quality of postoperative recovery in patients. Postoperative 
sleep quality is closely related to pain, and the results of most studies report that rebound pain occurs mainly at night, 
which is related to the fact that the surgery was performed during the day and the nerve block effect starts to fade at 
night, which we also observed during our follow-up. We used the quality of sleep before the patient’s injury as 
a criterion, and the results showed that the group IV had a higher quality of sleep at night after surgery than group 
C. A meta-analysis reported that a single dose of dexamethasone in the perioperative period does not pose a risk of 
postoperative infection and causes only a mild increase in blood glucose in non-diabetic patients.30 Diabetic patients have 
been excluded from this study, and there were no postoperative infections, suggesting that a single-dose dexamethasone 
can be safely used in patients with ankle fractures. Our results showed no statistically significant differences in the 
incidence of postoperative nausea, vomiting, and patient satisfaction between the two groups. The sample size of this 
study was calculated based on the incidence of rebound pain, which may be related to the small sample size.

This study has some limitations. First, only patients with ankle fractures were included, and further clinical trials are 
needed regarding the effect of dexamethasone on other types of nerve blocks and rebound pain after nerve blocks. 
Second, thigh tourniquets were used during surgery in all cases, which may have aggravated postoperative pain levels 
and affect measurement accuracy. Third, postoperative pain and sleep quality are subjective, and considering that patients 
need to rest after surgery, we arranged the follow-up time every morning, and helped the patient recall the pain level in 
the previous day, therefore, the data collected may be inaccurate. Finally, to reduce opioid consumption after surgery, we 
did not apply PCIA after surgery; instead, patients were instructed to open PCIA on their own after the effect of nerve 
block began to subside. However, lack of multimodal analgesia is a known risk factor for increasing the incidence and 
severity of rebound pain.

Conclusion
Compared with using ropivacaine alone, preoperative intravenous administration of dexamethasone is effective in 
reducing the occurrence of rebound pain, prolonging the duration of nerve block, reducing the consumption of post-
operative analgesic drugs, and helping patients recover faster.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable 
request.
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