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Effectiveness of the addition of Lidocaine to a
hemostatic, bioresorbable putty in the treatment
of iliac crest donor site pain
Marc Andreas Müller1*†, Arne Mehrkens1†, Roman Zürcher2, Patrick Vavken1,3,4 and Victor Valderrabano1
Abstract

Background: The harvest of iliac crest bone grafts (ICBG) is associated with relevant donor site pain, but may be
lowered by the application of lidocaine loaded on biodegradable, hemostatic putty for sustained local analgesic
release. The goal of this double-blind controlled trial was to assess the efficacy of adding lidocaine to a hemostatic
putty (Orthostat ™) to treat donor site pain following harvest of ICBG in foot and ankle procedures.

Methods: After ICBG harvest during a foot and ankle procedure, the resulting bone defect was either filled with
Orthostat™ (n = 7) or with the same hemostatic putty loaded with lidocaine (Orthostat-L™, n = 7). During the first 72
postoperative hours, donor site and surgical site pain were managed by patient controlled morphine delivery and a
peripheral nerve block. Donor site pain was periodically quantified on a Visual Analog (VAS) and a Wong Baker
FACES scale. Pain scores were plotted over time to calculate the area under the curve (AUC) to quantify the overall
pain experienced in specific time intervals.

Results: Orthostat-L™ significantly reduced donor site pain over the first 12 hours postoperatively as evidenced by a
significant decrease of the AUC in both VAS (p = 0.0366) and Wong Baker FACES pain score plots (p = 0.0024).
Cumulated morphine uses were not significantly decreased with Orthostat-L™.

Conclusion: The addition of lidocaine to a hemostatic putty offers a significant ICBG donor site pain reduction over
the first 12 postoperative hours.

Trial registration: ClinicalTrials.gov NCT01504035. Registered January 2nd 2012.
Background
Cortical autologous iliac crest bone grafts (ICBG) are
widely used in orthopedic surgical procedures [1], such as
open wedge osteotomies [2-4], interposition arthrodeses
[5,6] and bone defects. Autologous bone grafts display
excellent biological properties – osteoconductivity [7,8],
osteoinductivity [9], and potentially osteogenicity [10],- plus
favorable biomechanical characteristics [11], and are con-
sidered the gold standard despite the abundance of allo-
genic and synthetic substitutes available [12]. However,
these favorable characteristics have to be juxtaposed with
the risk of associated donor site morbidity, which may be
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clinically relevant in approximately 5% of patients, with
values up to 30% in some reports [13-18].
Patients undergoing ICBG harvest often experience sig-

nificant post-surgical bleeding [14] and pain [17] at the har-
vest site and may rarely sustain more severe complications
including fractures [16], arteriovenous fistula [14], nerve
injuries [15] and abdominal wall hernias [19]. The adminis-
tration of hemostatics in combination with local anesthetics
has been proposed to manage pain and bleeding. However,
local anesthetics may clear rapidly from the harvest site,
potentially causing systemic toxicity and reducing duration
and effectiveness of postoperative analgesia [20].
These considerations prompted the incorporation of lido-

caine into a biodegradable hemostatic putty (Orthostat™
currently marketed as Hemasorb™) to locally provide
anesthetic to the surgery site (Orthostat-L™). The Orthostat™
putty is composed of a polyvalent salt of a high molecular
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weight carboxylic acid, an alkyl benzopyranol ester and
Vitamin E which enables a continuous release of lidocaine.
Orthostat-L™ additionally comprises lidocaine at a concen-
tration of 16% of its dry weight. In a previous in-vitro and
animal study, lidocaine was released from the putty in a
exponential fashion with a half-time of approximately 6–8
hours. [21].
With the addition of Lidocain to Orthostat, pain control

may be provided by two mechanisms. The hemostatic
component may decrease the formation of irritating sub-
periostal hematomas, while the continuous release of
lidocaine may decrease pain perception at the periosteal
level.
In animal studies, the application of Orthostat-L™

resulted in a dose dependent, sustained analgesia in
rats over a duration of two to three days with no evidence
of systemic toxicity [21-23]. However, to our know-
ledge no studies have been performed to confirm this
in humans.
It was the primary objective of this study to compare the

analgesic effectiveness of a lidocaine loaded hemostatic putty
(Orthostat-L™) with a lidocaine deficient putty (Orthostat™),
defined as visual analog (VAS) and Wong Baker FACES
scale outcomes, in a random sample of patients undergoing
ICBG harvest for foot and ankle procedures. We hypothe-
sized that the addition of lidocaine to the putty would
provide significantly better pain control in the early post-
operative period. For the purpose of this study, we
defined “early postoperative” as an observation period
of 72 hours during which we searched for differences in
reported pain.
As a second objective, we aimed to test if, after the

administration of the lidocaine loaded hemostatic putty,
peripheral blood licocaine levels would stay below the
threshold for liver toxicity of 6 mg/l.
Methods
Study design
This study was designed as a prospective, comparative,
active-controlled, double-blind trial of the analgesic
effectiveness of Orthostat-L™ (experimental group) with
Orthostat™ (active control) in patients undergoing iliac
crest bone graft (ICBG) harvest. The main outcome
measurement was pain measured on a VAS and Wong
Baker scale. We aimed at being able to detect an at least
10% ± 5% difference between two independent groups in
the cumulative VAS scores within the early postoperative
time period with a power of no less than 90% and a two-
tailed alpha of 5% . This is consistent with an effect size
of 2, thus requiring a total sample size of 14, or 7 per
group, to reach a power of 90%. Such a sample size
would still allow detecting a sample size of 1.5 without
less than at least 80% power.
Study subjects
From May to July 2008, we enrolled 14 patients undergo-
ing foot and ankle surgical procedures with the use of a
structural iliac crest bone graft. Patients who were be-
tween 18 and 71 years old and capable of completing a pa-
tient administered analgesia (PCA) device and who had
given their written informed consent were included in the
study. Patients with previous ICBG harvest, serious med-
ical conditions including liver and heart failure, bleeding
diathesis, hypersensitivity to lidocaine or to components
of the hemostatic putty or any mental (dementia/psychi-
atric disorder) impeding their cooperation in the postoper-
ative evaluations were excluded. Upon inclusion, patients
were randomly allocated to the Orthostat™ or Orthostat-L™
group. There were seven patients in each group. Patients as
well as all medical staff were blinded to which product the
patient received.
As a result of the random allocation, there were seven

patients in each group. Table 1 lists the demographic
characteristics of patients allocated to the Orthostat™
and Orthostat™-L group.
The study was conducted in accordance with the

current version of the Declaration of Helsinki and under
the laws and regulations enforced by the local ethics
committees. This trial was registered in ClinicalTrials.
gov (registry number: ClinicalTrials.gov NCT01504035,
registered January 2nd 2012) and approved by the local
ethical committee (EKBB registry number 14/08).

Application of a continuous popliteal sciatic nerve block
Prior to induction of anesthesia, a board certified anaes-
thetist (RZ) administered a peripheral nerve block in the
popliteal fossa proximal to the surgical site. Blocks were
performed with 20–30 ml of mepivacaine 1.5% and bupi-
vacaine 0.5%. After injection a 20G catheter was inserted
for continuous postoperative sciatic nerve block with ropi-
vacaine 0.2%, using an elastomer pump with a flow rate of
6-10 ml/h.

Iliac crest bone graft (ICBG) harvest and application of
Orthostat™/Orthostat-L™
Upon exposure and preparation of the primary surgical
site at the foot and ankle, the same surgeon (VV) obtained
an iliac crest bone graft in the following manner. A skin
incision was made over the anterolateral aspect of the
iliac crest. The aponeurosis of the external oblique was
exposed and incised. The iliac crest was exposed sub-
periosteally, and a tricortical ICBG was obtained with
an oscillating saw. The size of the graft was adapted to
the structural defect at the foot and ankle to be bridged
but was not larger than 3 cm × 1 cm × 2 cm (6 cm3).
The graft dimensions were measured and the donor site
was dried with sterile gauzes. Then either Orthostat™ or
Orthostat-L™ was administered to the exposed bone

http://www.clinicaltrials.gov/NCT01504035


Table 1 Patient demographics and intraoperative data (Data presented as mean ± SD)

Orthostat-L™ (n = 7) Orthostat™ (n = 7) P-value

Gender 4 Females, 3 Males 3 Females,4 Males

Mean age (years) 42.6 ± 10.5 51.0 ± 16.9 0.248

Mean duration of Surgery (minutes) 169.4 ± 53.3 140.9 ± 38.5. 0.273

Graft size (cm3) 4.0 ± 2.9 3.4 ± 1.9 0.681

Putty amount (grams) 4.3 ± 1.2 4.3 ± 0.8 0.999

Mean time to hemostasis after putty administration (seconds) 24 ± 11 37 ± 37 0.392

Intraoperative blood loss at the ICBG harvest site (ml) 15 ± 8 15 ± 5 0.999
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surfaces under firm digital pressure until the level of ma-
terial filling ICBG harvest site was flush with the bone
surface. The amount of Orthostat™/Orthostat-L™ was de-
termined by the number of 2 g portions applied to the
harvest site and by weighing the leftover of the last por-
tion used. The time from the end of putty application to
complete hemostasis at the donor site was recorded and
judged to be complete when there was no active bleeding
noted by the surgeon. In addition the aspirated blood
volume from the iliac crest was measured and recorded
for blood loss. The wound was then closed in layers. No
blood drain was inserted at the iliac crest harvest site.

Outcome assessment - donor site pain
Patients were closely followed every four hours within the
first 72 hours of Orthostat™/Orthostat-L™ administration
by blinded assessors. The pain level at the pelvic harvest
site was rated according to the VAS score and Wong-
Baker FACES Pain Rating Scale. VAS scores were mea-
sured on a continuous scale ranging from 0–100 mm. The
Wong Baker scale ranged from 0 to 5 points, with the
verbal anchors “no pain” to “worst pain”. The VAS and
Wong-Baker pain scores for each patient were plotted
over time. The area under the curve (AUC) was calculated
to represent the cumulative pain experienced within a
specific time period. Since the surgical site pain from the
lower extremity was addressed by a continuous sciatic
nerve block, any pain experienced by the patient was
related to iliac crest donor site pain. In case of any
dysfunction of the sciatic block, the level of surgical site
pain had to be recorded in the protocol.
Additional postoperative pain control was provided for

all patients using patient controlled analgesia pumps
(PCA) loaded with morphine. The cumulative dose of
morphine used within the first 72 h after surgery was
quantified.

Outcome assessment - serum Lidocaine levels and adverse
events
Serum lidocaine levels were measured after the adminis-
tration of the peripheral nerve bloc (baseline) and at 2, 4,
8 12, 48, and 72 hours after the application of the putty
using high performance liquid chromatography. Blood
samples for serum lidocaine measurements were obtained
from the basilic vein of the ipsi-contralateral arm and
analysed immediately. The formation of a local hematoma
at the iliac crest harvest site was assessed by ultrasound
performed after 48–72 hours. After discharge from the
hospital, patients were followed up at 14 and 30 days after
surgery. During these follow-up visits, any adverse event
such as prolonged pain, hematoma, herniation etc. at the
pelvic harvest site was recorded.

Statistical analysis
Two-tailed t-tests for independent samples were used to
compare cumulative PCA, bleeding time, total blood
loss, and graft size across treatment groups. Continuous
variables including VAS pain scores at different time
points as well as the area under the curve for VAS and
Wong Baker scores were tested using repeated measure
ANOVA. For the 16 hours’ time point, more than 20%
of VAS and Wong Baker FACES measurements were
missing and thus the time point had to be dropped.
Discontinuous variables including Wong - Baker scores
were analysed using Fisher’s exact test with Bonferroni
adjustments for multiple measurements. Results are
given as mean ± SD. An alpha of 5% was considered
significant. All analyses were done using intercooled
STATA 10 (Stata Corp LP, College Station, TX).

Results
Intra-operative data
As shown in Table 1, the duration of surgery, intraopera-
tive blood loss and time to hemostasis after putty adminis-
tration, as well as graft sizes and amount of putty used
were not significantly different between Orthostat-L™ and
Orthostat ™ (control) group.

Analgesic effectiveness of Orthostat-L™ - donor site pain
There were no cases of sciatic block dysfunction. All
pain recorded was related to the iliac crest donor site.
Subjects treated with Orthostat-L™ showed a signifi-
cantly improved area under the curve (AUC) of the
VAS score (AUCvas) as compared to Orthostat™ from 1
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to 12 hours (mean AUCvas 110 ± 115 vs. 291 ± 270;
p = 0.036) (Figure 1). From 12 to 24 hours the control
scores decreased towards baseline and differences between
Orthostat-L™ and Orthostat™ were no longer statistically
significant (AUC VAS 64 ± 62 vs 87 ± 79, p = 0.281). In the
repeated measure ANOVA of all time points individually,
there was no significant difference across groups VAS
score (p = 0.3644) over the total follow-up.
For the Wong-Baker FACES Pain Rating Scale there

was a significantly better outcome for Orthostat-L™
compared to Orthostat™ for the AUC for the first
12 hours (AUC Wong-Baker 6 ± 6 vs. 15 ± 15, p = 0.0024
(Figure 2)) suggesting a beneficial early effect. Between 12
and 24 hours postoperatively as well as beyond 24 hours,
as the control scores returned to baseline, the AUC
obtained from Wong-Baker FACES Pain Rating Scale was
not significantly different across groups (p = 0.999 and
p = 0.1772, respectively), suggesting that the early effect
equilibrates by the third postoperative day. There was no
significant difference across groups regarding Wong-Baker
FACES scores (p = 0.3544) at individual time points. There
was no significant difference in cumulative PCA delivered
morphine dose at 12 h (p = 0.267), 24 h (p = 0.717), or
72 hours postoperatively (p = 0.109) between the two
groups.
Safety of Orthostat-L™ - Lidocaine levels and adverse
effects
In the Orthostat-L™ group, the serum levels of lidocaine
peaked at 8 hours remained elevated until 40–48 hours.
At all time points, lidocaine levels stayed well below
toxic levels of 6 mg/l. The mean lidocaine levels in the
peripheral blood was significantly higher (p = 0.022) for
the Orthostat-L™ group than the control group (Figure 3).
There were no serious adverse effects experienced by

subjects in the study. There was one case of seroma at
the graft site in the intervention group that became
evident prior to discharge on the fifth day after surgery.
Figure 1 Postoperative VAS pain scores recorded at periodical time in
It required manual expression of the serous fluid to
resolve. There were no complications in the control
group (p = 0.2994).

Discussion
Iliac crest bone graft harvesting is associated with a donor
site morbidity of up to 30% [13,14,16]. Fortunately, major
complications occur only rarely. However, patients fre-
quently experience significant pain at the harvest site after
ICBG harvest [17]. Standard pain management includes
use of opioid analgesics, which may cause respiratory
depression [24], nausea, vomiting or decreased gastro-
intestinal motility [25], and thus may temporarily worsen
the patient’s condition and result in unfavorable outcomes
and extended hospital stays with increased costs. Hence,
reduction of postoperative pain at the harvest site will
reduce or eliminate the comorbidities associated with
use of systemically applied analgesics such as opioids.
In this study we evaluated the effectiveness of a lidocaine
loaded hemostatic putty (Orthostat-L™) as compared to a
lidocaine deficient putty to lower iliac crest donor site pain.
Our study has potential limitations. Our sample was

small, aiming for a between group difference of 10% ± 5%,
and a larger study would be capable of detecting a smaller
difference than that with statistical significance. However,
the statistical significance of such a smaller difference
must be put into relation with its clinical meaning, which
might be questionable. Also, experiencing postoperative
pain and response to analgesic medication has consider-
able inter-individual variability. Another potential short-
coming of a small sample size is a potentially higher risk of
bias due to differential distribution. However, the enrolled
patients were not significantly different in demographics
and duration of procedure undergone, and systemic disease
and lidocaine-related issues were exclusion criteria in our
study. Hence it is not likely that our data are affected by
substantial bias.
In our study, Orthostat-L™ significantly reduced cumula-

tive VAS and Wong Baker FACES pain scores at the harvest
tervals after putty administratioon.



Figure 2 Postoperative Wong-Baker FACES pain scores.
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site within the first 12 postoperative hours. Thereafter, pain
scores in the control group began to return to baseline
values. Nonetheless, pain scores in the Orthostat-L™-group
continued to be lower compared to the Orthostat™-
group, however, without statistical significance. The
limited duration of significant pain relief provided by
Orthostat-L™ may be explained by the fact that the control
subjects returned to low pain levels just after 12 hours
and by 20 hours after putty administration. Thus, there
was no relevant pain for Orthostat-L to mitigate after this
time period. In addition, the effects of lidocaine could
have been also been altered by a local inflammatory
response due to the surgical intervention and, additionally,
to the putty. It has been postulated that inflammatory cell
released peroxynitrite could decrease the effect of local
anesthetic effects [26,27]. Our data do not suggest that the
duration of pain relief was restricted by limited lidocaine
Figure 3 Postoperative Serum lidocaine levels.
release from the putty. Lidocaine levels remained elevated
in the Orthostat-L™ group even beyond 36 hours which
was in fact in line with previous in vitro results [21]. Thus,
Orthostat-L™ showed a much more favorable drug elution
profile as compared to single administrations of local
anesthetics. After single infiltration of the iliac crest
with local anesthetics, plasma levels peak within 20–100
minutes and rapidly decrease thereafter [20].
Throughout the study, we could not detect a signifi-

cant difference regarding cumulative PCA use between
the two study groups. This result may be interpreted in
two ways: First, our study was primarily powered to
detect significant differences regarding cumulative VAS
scores and not narcotic use. Second, Ip et al. [28]
showed in a systematic review that there are determi-
nants of postoperative pain medication use which are
independent from VAS rated pain. These parameters
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include anxiety and behavioral abnormalities which were
not assessed in our study. We can therefore not exclude
any confounding by these psychological factors.
Our data do not suggest that the duration of pain

relief was restricted by limited lidocaine release from the
putty. Lidocaine levels remained elevated in the
Orthostat-L™ group even beyond 36 hours which was in
fact in line with previous in vitro results [21]. Thus,
Orthostat-L™ showed a much more favorable drug elution
profile as compared to single administrations of local
anesthetics. After single infiltration of the iliac crest
with local anesthetics, plasma levels peak within 20–100
minutes and rapidly decrease thereafter [20].
In terms of safety, our study was able to demonstrate

that serum lidocaine levels remained well below the level
of toxicity (6 mg/l). The maximum serum lidocaine level
noted in our study was 2.1 mg/l and was registered after
4 hours. We noted the occurrence of one seroma in the
Orthostat-L™ group. This complication may be rather
interpreted as a minor donor site complication and not
as an adverse event directly related to the local drug
application. Such minor complications may occur with a
frequency of 10-15% [14,16].
Previous studies have already suggested the installation

of local anesthetics to reduce donor site pain at the iliac
crest [20,29-35]. The proposed techniques vary from
local infiltration at the time of surgery [20,32,35] to
intermittent [30] or continuous [31,33,34] administration
using indwelling catheters. Similar to our study, single
or intermittent administration of local anesthetics at the
harvest site significantly reduced donor site pain 12–24
hours postoperatively [20,30,35]. Serum concentrations
also stayed below the toxic level [20]. Continuous
administration could increase the duration of pain relief
to up to 48 hours in one study [34] while another study
could not demonstrate this effect [31]. Study results
were also very conflicting regarding the effect on local
anesthetics on the intake of narcotics in the postopera-
tive period. Some studies showed that the application of
local anesthetics at the iliac crest could significantly
decrease the postoperative opioid demand [30,34], while
others could not reproduce these results [20,31]. How-
ever, the aforementioned studies contained heteroge-
neous sample groups and showed variable confounders
or biases. Most importantly, these studies did not elim-
inate the surgical site pain. Pain perception at one side
increases anxiety and thus alters the pain perception
across other body sites [36]. Accordingly, Morgan et al.
[31] could demonstrate in their study a significant
correlation between recipient and donor site pain. How-
ever, only few studies incorporated the level of pain at
the surgical site in the analysis and interpretation of
their data [20,31,34]. Our study could avoid these con-
founding effects since surgical site pain was continuously
eliminated by the popliteal blocks. Thus, pain relieve at
the donor site can more directly be attributed to the
effectiveness of Orthostat-L™.
When comparing Orthostat-L™ with local anesthetics,

it must be considered that that Orthostat-L™ is also a
hemostatic agent. In contrast to local anesthetics,
Orthostat-L™ may therefore additionally help to prevent
irritating subperiosteal hematomas, which further con-
tribute to donor site pain. Nevertheless, these specula-
tions on the superior effectiveness of Orthostat-L™ to
reduce donor site pain needs clarification in future ran-
domized controlled trials.

Conclusions
A bioresorbable hemostatic putty with lidocaine, as
Orthostat-L™ has significant effectiveness in controlling
pain experienced within 12 hours after iliac crest bone
graft harvesting compared to a putty without lidocaine, as
Orthostat™. We found no evidence for systemic toxicity or
an increase in risk of adverse effect using a lidocaine based
putty.

Competing interests
This study was financially supported by Orthocon (ORTHOCON, Inc. 1 Bridge
Street Suite 121, Irvington, NY 10533, USA) which also provided the
hemostatic putties either loaded or unloaded with lidocaine. However, the
authors had full access to all the data at any time during the study and had
final responsibility for the decision to submit for publication. The authors did
also not receive any benefits for the preparation of this manuscript. None of
the authors has received any salary or royalties from Orthocon. In addition,
no author does have any financial relationship with this company by means
of employment, consultancy, stock ownership or other significant equity. No
additional funding other than from Orthocon was received for this study.

Authors’ contributions
Designed the study: VV, MAM, RZ. Gathered the data: MAM, RZ, VV, MEA.
Analyzed the data: PV, MAM, MEA, VV. Written the initial draft: MAM, MEA, PV,
VV. Ensured the accuracy of the data and analysis: PV, MAM, VV, MEA. All
authors read and approved the final manuscript.

Authors’ information
Marc Andreas Müller and Arne Mehrkens first authorship.

Acknowledgement
We wish to thank the clinical trial unit of the University Hospital of Basel,
Switzerland, for having supported the conceptualization, design and
monitoring of this study. We also thank Orthocon Inc. for financially
supporting the planning, design and monitoring of this study and for having
provided the hemostatic putties either loaded or unloaded with lidocaine.

Author details
1Orthopedic Department, University Hospital of Basel, University of Basel,
Spitalstrasse 21, 4031 Basel, Switzerland. 2Department of Anesthesiology,
University Hospital of Basel, Spitalstrasse 21, 4031 Basel, Switzerland.
3Department of Orthopedic Surgery, Children’s Hospital Boston, Harvard
Medical School, 300 Longwood Avenue, Boston, MA 02215, USA. 4Center for
Population and Development Studies, Harvard School of Public Health, 330
Brookline Avenue, Boston, MA 02215, USA.

Received: 5 June 2013 Accepted: 1 December 2014
Published: 8 December 2014

References
1. Giannoudis PV, Dinopoulos H, Tsiridis E: Bone substitutes: an update.

Injury 2005, 36(Suppl 3):S20–S27.



Müller et al. BMC Musculoskeletal Disorders 2014, 15:415 Page 7 of 7
http://www.biomedcentral.com/1471-2474/15/415
2. Dolan CM, Henning JA, Anderson JG, Bohay DR, Kornmesser MJ, Endres TJ:
Randomized prospective study comparing tri-cortical iliac crest autograft
to allograft in the lateral column lengthening component for operative
correction of adult acquired flatfoot deformity. Foot Ankle Int 2007, 28:8–12.

3. Gouin F, Yaouanc F, Waast D, Melchior B, Delecrin J, Passuti N: Open
wedge high tibial osteotomies: Calcium-phosphate ceramic spacer
versus autologous bonegraft. Orthop Traumatol Surg Res 2010, 96:637–645.

4. Miller LE, Block JE: Safety and effectiveness of bone allografts in anterior cervical
discectomy and fusion surgery. Spine (Phila Pa 1976 ) 2011, 36:2045–2050.

5. Chan SC, Alexander IJ: Subtalar arthrodesis with interposition tricortical
iliac crest graft for late pain and deformity after calcaneus fracture.
Foot Ankle Int 1997, 18:613–615.

6. Floyd T, Ohnmeiss D: A meta-analysis of autograft versus allograft in
anterior cervical fusion. Eur Spine J 2000, 9:398–403.

7. Burchardt H: The biology of bone graft repair. Clin Orthop Relat Res 1983,
174:28–42.

8. Dell PC, Burchardt H, Glowczewskie FP Jr: A roentgenographic,
biomechanical, and histological evaluation of vascularized and
non-vascularized segmental fibular canine autografts. J Bone Joint Surg
Am 1985, 67:105–112.

9. Einhorn TA, Majeska RJ, Rush EB, Levine PM, Horowitz MC: The expression of
cytokine activity by fracture callus. J Bone Miner Res 1995, 10:1272–1281.

10. Albrektsson T, Albrektsson B: Microcirculation in grafted bone. A chamber
technique for vital microscopy of rabbit bone transplants. Acta Orthop
Scand 1978, 49:1–7.

11. Enneking WF, Burchardt H, Puhl JJ, Piotrowski G: Physical and biological
aspects of repair in dog cortical-bone transplants. J Bone Joint Surg Am
1975, 57:237–252.

12. Bostrom MP, Seigerman DA: The clinical use of allografts, demineralized
bone matrices, synthetic bone graft substitutes and osteoinductive
growth factors: a survey study. HSS J 2005, 1:9–18.

13. Ahlmann E, Patzakis M, Roidis N, Shepherd L, Holtom P: Comparison of anterior
and posterior iliac crest bone grafts in terms of harvest-site morbidity and
functional outcomes. J Bone Joint Surg Am 2002, 84-A:716–720.

14. Arrington ED, Smith WJ, Chambers HG, Bucknell AL, Davino NA: Complications
of iliac crest bone graft harvesting. Clin Orthop Relat Res 1996, 329:300–309.

15. Mahli A, Coskun D, Altun NS, Simsek A, Ocal E, Kostekci M: Alcohol
neurolysis for persistent pain caused by superior cluneal nerves injury
after iliac crest bone graft harvesting in orthopedic surgery: report of four
cases and review of the literature. Spine (Phila Pa 1976 ) 2002, 27:E478–E481.

16. Niedhart C, Pingsmann A, Jurgens C, Marr A, Blatt R, Niethard FU:
Complications after harvesting of autologous bone from the ventral and
dorsal iliac crest - a prospective, controlled study. Z Orthop Ihre Grenzgeb
2003, 141:481–486.

17. Summers BN, Eisenstein SM: Donor site pain from the ilium. A complication
of lumbar spine fusion. J Bone Joint Surg (Br) 1989, 71:677–680.

18. DeOrio JK, Farber DC: Morbidity associated with anterior iliac crest bone
grafting in foot and ankle surgery. Foot Ankle Int 2005, 26:147–151.

19. Auleda J, Bianchi A, Tibau R, Rodriguez-Cano O: Hernia through iliac crest
defects. A report of four cases. Int Orthop 1995, 19:367–369.

20. Estebe JP, Le CP, Le NA, Eliat C, Chevanne F, Husson JL, Ecoffey C: Local
anaesthetic use for the iliac crest-donor site: pharmacokinetic and
pharmacodynamic evaluations. Acta Anaesthesiol Belg 2009, 60:39–45.

21. Wang CF, Djalali AG, Gandhi A, Knaack D, De GU, Strichartz G, Gerner P: An
absorbable local anesthetic matrix provides several days of functional
sciatic nerve blockade. Anesth Analg 2009, 108:1027–1033.

22. Gerner P, Wang CF, Lee BS, Suzuki S, Degirolami U, Gandhi A, Knaack D,
Strichartz G: The relationship between functional sciatic nerve block
duration and the rate of release of lidocaine from a controlled-release
matrix. Anesth Analg 2010, 111:221–229.

23. Wang CF, Pancaro C, Gerner P, Strichartz G: Prolonged suppression of
postincisional pain by a slow-release formulation of lidocaine.
Anesthesiology 2011, 114:135–149.

24. Olsen GD, Wilson JE, Robertson GE: Respiratory and ventilatory effects of
methadone in healthy women. Clin Pharmacol Ther 1981, 29:373–380.

25. Pappagallo M: Incidence, prevalence, and management of opioid bowel
dysfunction. Am J Surg 2001, 182:11S–18S.

26. Ueno T, Tsuchiya H, Mizogami M, Takakura K: Local anesthetic failure
associated with inflammation: verification of the acidosis mechanism
and the hypothetic participation of inflammatory peroxynitrite.
J Inflamm Res 2008, 1:41–48.
27. Ueno T, Mizogami M, Takakura K, Tsuchiya H: Peroxynitrite affects lidocaine
by acting on membrane-constituting lipids. J Anesth 2008, 22:475–478.

28. Ip HY, Abrishami A, Peng PW, Wong J, Chung F: Predictors of
postoperative pain and analgesic consumption: a qualitative systematic
review. Anesthesiology 2009, 111:657–677.

29. Brull SJ, Lieponis JV, Murphy MJ, Garcia R, Silverman DG: Acute and
long-term benefits of iliac crest donor site perfusion with local
anesthetics. Anesth Analg 1992, 74:145–147.

30. Cowan N, Young J, Murphy D, Bladen C: Double-blind, randomized,
controlled trial of local anesthetic use for iliac crest donor site pain.
J Neurosci Nurs 2002, 34:205–210.

31. Morgan SJ, Jeray KJ, Saliman LH, Miller HJ, Williams AE, Tanner SL, Smith WR,
Broderick JS: Continuous infusion of local anesthetic at iliac crest bone-graft
sites for postoperative pain relief. A randomized, double-blind study.
J Bone Joint Surg Am 2006, 88:2606–2612.

32. Schaan M, Schmitt N, Boszczyk B, Jaksche H: Reduction in late postoperative pain
after iliac crest bonegraft harvesting for cervical fusion: a controlled
double-blinded study of 100 patients. Acta Neurochir (Wien ) 2004, 146:961–965.

33. Singh JR, Nwosu U, Egol KA: Long-term functional outcome and
donor-site morbidity associated with autogenous iliac crest bone grafts utilizing
a modified anterior approach. Bull NYU Hosp Joint Dis 2009, 67:347–351.

34. Singh K, Phillips FM, Kuo E, Campbell M: A prospective, randomized, double-
blind study of the efficacy of postoperative continuous local anesthetic
infusion at the iliac crest bone graft site after posterior spinal arthrodesis: a
minimum of 4-year follow-up. Spine (Phila Pa 1976 ) 2007, 32:2790–2796.

35. Todd BD, Reed SC: The use of bupivacaine to relieve pain at iliac graft
donor sites. Int Orthop 1991, 15:53–55.

36. Rhudy JL, Meagher MW: Fear and anxiety: divergent effects on human
pain thresholds. Pain 2000, 84:65–75.

doi:10.1186/1471-2474-15-415
Cite this article as: Müller et al.: Effectiveness of the addition of
Lidocaine to a hemostatic, bioresorbable putty in the treatment of iliac
crest donor site pain. BMC Musculoskeletal Disorders 2014 15:415.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Study design
	Study subjects
	Application of a continuous popliteal sciatic nerve block
	Iliac crest bone graft (ICBG) harvest and application of Orthostat™/Orthostat-L™
	Outcome assessment - donor site pain
	Outcome assessment - serum Lidocaine levels and adverse events
	Statistical analysis

	Results
	Intra-operative data
	Analgesic effectiveness of Orthostat-L™ - donor site pain
	Safety of Orthostat-L™ - Lidocaine levels and adverse effects

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgement
	Author details
	References

