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Objective: To investigate the effects of trapdoor-procedure-based bone harvesting and

tricortical iliac bone harvesting on the iliac bone-graft donor site pain experienced by

patients and their clinical effects.

Methods: A retrospective analysis was performed using the clinical data of 65 patients with

tibial plateau fractures who received autologous iliac bone-supporting grafts in two hospitals

between January 2014 and January 2019. The patients who received trapdoor-procedure-

based bone harvesting (34 cases) were in the experimental group, and those who received

tricortical iliac bone harvesting (31 cases) were in the control group. This study compared

differences in iliac bone-graft donor site incision length, intraoperative blood loss, amount of

bones harvested, operation time, and postoperative complications between the two bone-

harvesting methods. Subsequently, it evaluated the pain experienced by the two patient

groups in their iliac bone-graft donor sites and their clinical effects.

Results: One week after surgery, the differences between the iliac bone-graft donor site pain

score (measured using SF-MPQ-2) of the experimental group and the control group were not

statistically different. However, 3 weeks, 5 weeks, and 3 months after surgery, the iliac bone-

graft donor site pain scores of the experimental group were significantly lower than those of

the control group. The iliac bone-graft donor site incision length and operation time of the

experimental group were not significantly different from those of the control group.

However, the iliac bone-graft donor site intraoperative blood loss, amount of bones harvested

and the incidence of complications of the experimental group were significantly lower than

those of the control group.

Conclusion: Trapdoor-procedure-based bone harvesting has lower donor site pain, intrao-

perative blood loss, and postoperative complications. However, for bone grafting in regions

with significant bone loss, tricortical iliac bone harvesting remains the optimal option.
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Introduction
Compared with artificial bone grafting and allogeneic bone grafting, autologous

iliac bone grafting has better outcomes in terms of transplant rejection and

osteogenesis.1 Therefore, autologous iliac bone grafting is commonly used to

treat conditions such as bone loss, spondylosis, and joint fusion and is viewed as

the gold standard for bone grafting.2,3 However, some patients who underwent

autologous iliac bone grafting experienced postoperative pain in their iliac bone-

graft donor sites and developed other complications.4 In this study, a retrospective
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analysis was performed using the clinical data of 65

patients with tibial plateau fractures who received autolo-

gous iliac bone-supporting grafts (ie, trapdoor-procedure-

based bone harvesting or tricortical iliac bone harvesting)

in two hospitals (Tongde Hospital of Zhejiang Province

and Shaoxing Keqiao District Hospital of Traditional

Chinese Medicine) between January 2014 and

January 2019 to compare the effects of the two bone-

harvesting methods on iliac bone-graft donor site pain

experienced by the two patients groups and their clinical

effects. The results are as follows:

Clinical Data
Demographic Information
The study was reviewed and approved by the ethics com-

mittee of Medical Ethics Committee of Tongde Hospital of

Zhejiang Province and was conducted in accordance with

the requirements of the regulatory authorities and with the

provisions of the Declaration of Helsinki and the Good

Clinical Practice guidelines.Informed consent was

exempted, given the retrospective nature of the data col-

lection and the use of deidentified medical records.

Personal privacy and individual biological characteristics

of patients are strictly confidential. (Theoretical No

2020015). In this study, a retrospective analysis was per-

formed using the clinical data of 65 patients with tibial

plateau fractures who received autologous iliac bone-

supporting grafts in two hospitals between January 2014

and January 2019. The patients were divided into two

groups according to the bone-harvesting method adopted.

Those who underwent trapdoor-procedure-based bone har-

vesting (34 patients) were in the experimental group, and

those who underwent tricortical iliac bone harvesting (31

patients) were in the control group. The experimental

group consisted of 24 men and 10 women aged between

24 and 62 years (average age: 41.6 ± 2.7 years). Of them,

15, 11, and 8 of them had Schatzker II, Schatzker III, and

Schatzker IV fractures, respectively. By contrast, the con-

trol group comprised 21 men and 10 women aged between

23 and 63 years (average age: 42.2 ± 2.6 years). Of them,

13, 10, and 8 had Schatzker II, Schatzker III, and

Schatzker IV fractures, respectively. The bone-harvesting

operations were performed by the author of this study. The

study exclusion criteria were as follows: (a) patients who

had a pelvic fracture or bone tumor before surgery;and (b)

patients who experienced pain in the pelvis area because

of spondylosis. No significant differences were observed

between the two patient groups in terms of their ages,

genders and Fracture type.which thus made the data sui-

table for comparison (Table 1).

Surgical Methods
Trapdoor-Procedure-Based Bone Harvesting

General anaesthesia or spinal anaesthesia was administered.

The hip (donor site) was raised using a pad, and the top of

the iliac spine 2 cm posterior to the anterior superior iliac

spine was used to determine the scheduled incision length.

A third of the periosteum and fascia at the top of the iliac

spine was retained, and the thin plate bone with a thickness

of 0.2–0.3 cm located at said top was cut horizontally (the

length of the cut was within the scheduled bone removal

length). The thin plate of bone and the periosteum were

lifted inward. The bone at the bottom was harvested as

needed stopping at the inner table of bone. After harvesting

the bones, an absorbable gelatin sponge wrapped with

gauzes was used to fill up the bone wound. In situ suture

was performed on the thin bone containing the periosteal

pedicle. Fasciae in deep layers and those inside the iliac

spine were stitched tightly to stop the bleeding completely.

Drainage was not needed (Figure 1A–F).

Tricortical Iliac Bone Harvesting

General anaesthesia or spinal anaesthesia was administered.

The patient’s hip (the donor site) was elevated using a pad,

and the top of the iliac spine (3 cm posterior to the anterior

superior iliac spine) was used to determine the subsequent

incision length. A bone scalpel was used to cut off the inner

and outer tables of the iliac spine during the surgery. The

tricortical bone blocks from the inner table, outer table, and

iliac spine were harvested. After the bone harvesting, an

absorbable gelatin sponge wrapped with gauzes was used

to fill up the bone wound. In the event of excessive bleeding,

the bone surface was coated with a thin layer of bone wax to

Table 1 Preoperative General Conditions of the Two Groups

Group Gender Age Fracture

Type

Male Female (x+s) II III IV

Experimental

group

24 10 41.6 ± 2.7 15 11 8

Control group 21 10 42.2 ± 2.6 13 10 8

Test value χ2=0.187 t =0.517 χ2 =0.537

p 0.627 0.416 0.424
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seal the gap and stop the bleeding completely. Drainage was

not used (Figure 2A–C).

Postoperative Treatment
Anti-inflammatory treatment was administered for 24

h during and after surgery, and patient-controlled analgesia

(injected into patients’ veins) was offered for 2 days.

Painkillers were used or not used for 2 weeks postsurgery

according to the requests of patients’ painless wards.

Anticoagulation was observed for 12 h postsurgery, and

a continuous passive motion machine was used on the

third day after surgery to help patients perform functional

exercises with their affected limbs. Two weeks after sur-

gery, the patients’ stitches were removed, and the patients

were discharged from the hospital. None of the patients

used painkillers after being discharged from the hospital.

Observation Items and Methods
The iliac bone-graft donor site pain of the two patient

groups was compared 1 week, 3 weeks, 5 weeks, and 3

months after surgery by using the Short-Form McGill Pain

Questionnaire 2 (SF-MPQ-2).5 The SF-MPQ-2, which

comprises four summary scales, can assess continuous,

intermittent, neuropathic, and affective pain and is easy

to use, saves on time, is reliable, and can comprehensively

evaluate neuropathic and nonneuropathic pain. This study

compared differences in iliac bone-graft donor site incision

length, intraoperative blood loss, amount of bone har-

vested, operation time, and postoperative complications

between the two bone-harvesting methods. Subsequently,

this study evaluated the iliac bone-graft donor site pain

experienced by the two patient groups and the clinical

effects of the bone-harvesting methods.

Statistical Processing
All data were analyzed using SPSS v19.0. In the begin-

ning of analysis, the data were assessed to determine

whether they have a normal distribution. The two

patient groups’ iliac bone-graft donor site pain scores

(measured simultaneously using SF-MPQ-2), incision

length, intraoperative blood loss, amount of bones har-

vested, and operation times were all normally distribu-

ted and displayed homogenous variance (represented

using x ± s). Two independent sample t tests were

Figure 1 (A–F) depicts a 45-year-old male patient who was administered general anaesthesia before undergoing open reduction, internal fixation, and bone graft for the

treatment of his left tibial plateau fracture. During the surgery, trapdoor-procedure-based bone harvesting was used. (A) illustrates the location of the bone harvesting site

prior to surgery. (B) displays the site after the trapdoor was opened. (C) depicts the site when the trapdoor was placed back to the iliac spine. (D) represents a post-

operative image of the pelvis. (E) illustrates a clear left tibial plateau fracture and articular surface collapse. (F) illustrates a post-operative left tibial plateau.
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then performed. The incidence of complications in iliac

bone-graft donor sites for the two patient groups were

tested using χ2, where p < 0.05 signified statistically

significant difference.

Results
Pain Score Results
One week after surgery, the iliac bone-graft donor site pain

score (measured using SF-MPQ-2) of the experimental

group (6.48 ± 0.62) and that of the control group (7.21 ±

0.18) were compared and were not statistically different

(p > 0.05). However, 3 weeks, 5 weeks, and 3 months after

surgery, the iliac bone-graft donor site pain scores of the

experimental group (11.08 ± 0.45, 1.25 ± 0.03, and 0.05 ±

0.01, respectively) were significantly lower (p < 0.05) than

those of the control group (26.45 ± 0.36, 14.54 ± 0.37, and

5.64 ± 0.87, respectively; Table 2).

Clinical Effects of the Two Bone-Harvesting

Methods
The iliac bone-graft donor site incision length and operation

time of the experimental group (5.18 ± 0.12 cm and 12.65 ±

Figure 2 (A–E) depicts a 53-year-old female patient who was administered general anesthesia before undergoing open reduction, internal fixation, and bone grafting to treat

her right tibial plateau fracture. During surgery, tricortical iliac bone harvesting was used. (A) illustrates the location of the bone-harvesting site before surgery. (B) displays
the bones being harvested. (C) shows a postoperative image of the pelvis. (D) presents a clear right tibial plateau fracture and articular surface collapse. (E) is

a postoperative image of the tibial plateau fracture.

Table 2 Iliac Bone-Graft Donor Site Pain Scores (x ± S; Measured Using SF-MPQ-2) of the Two Patient Groups

Group 1 Week After Surgery 3 Weeks After Surgery 5 Weeks After Surgery 3 Months After Surgery

Experimental group 6.48 ± 0.62 11.08 ± 0.45 1.25 ± 0.03 0.05 ± 0.01

Control group 7.21 ± 0.18 26.45 ± 0.36 14.54 ± 0.37 5.64±0.87

Test value t =−1.742 t =7.257 t =19.017 t =23.152

p 0.278 0.008 0.000 0.000
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0.84 min, respectively) were not significantly different

(p > 0.05) from those of the control group (5.21 ± 0.07 cm

and 11.24 ± 0.67 min, respectively). By contrast, the iliac

bone-graft donor site intraoperative blood loss and amount

of bones harvested of the experimental group (8.39 ±

0.62 mL and 8.35 ± 0.72 cm3, respectively) were signifi-

cantly different (p < 0.05) from those of the control group

(21.81 ± 0.27 mL and 13.24 ± 0.27 cm3, respectively). One

patient in the experimental group sustained an injury during

bone harvesting because of the abnormal course of the

lateral femoral cutaneous nerve, which resulted in lateral

thigh numbness. The pain in the patient’s pelvis area

remained after surgery. Four patients in the control group

experienced complications during the follow-up period. One

patient experienced heterotopic ossification during late-stage

hematoma. One patient experienced abdominal wall irrita-

tion because of a lumbar hernia. One patient experienced an

avulsion fracture of the anterior superior iliac spine (donor

site) because of strenuous activity. One patient experienced

pain when tying his/her belt because of iliac spine depres-

sion. The incidence of complications of the experimental

group (1/34) was significantly different (p < 0.05) from that

of the control group (4/31; Table 3).

Figure 1A–F depicts a 45-year-old male patient who was

administered general anaesthesia before undergoing open

reduction, internal fixation, and bone graft for the treatment

of his left tibial plateau fracture. During the surgery, trap-

door-procedure-based bone harvesting was used. Figure 1A

illustrates the location of the bone harvesting site prior to

surgery. Figure 1B displays the site after the trapdoor was

opened. Figure 1C depicts the site when the trapdoor was

placed back to the iliac spine. Figure 1D represents a post-

operative image of the pelvis. Figure 1E illustrates a clear

left tibial plateau fracture and articular surface collapse.

Figure 1F illustrates a post-operative left tibial plateau.

Figure 2A–E depicts a 53-year-old female patient who

was administered general anesthesia before undergoing open

reduction, internal fixation, and bone grafting to treat her

right tibial plateau fracture. During surgery, tricortical iliac

bone harvesting was used. Figure 2A illustrates the location

of the bone-harvesting site before surgery. Figure 2B displays

the bones being harvested. Figure 2C shows a postoperative

image of the pelvis. Figure 2D presents a clear right tibial

plateau fracture and articular surface collapse. Figure 2E is

a postoperative image of the tibial plateau fracture.

Discussion
Characteristics of Autologous Iliac Bone

Harvesting and Related Complications
Autologous iliac bone harvesting is a common orthopaedic

surgical procedure. Autologous iliac bone grafting can accel-

erate the anastomosis between the blood vessels and bone

grafts in the graft sites, nourish the bone tissues in the graft

sites, and induce the generation of new bone tissues, thus

facilitating bone healing.6 Although iliac bone donor sites

are located in a shallow layer, they provide abundant bone

supply and facilitate simple bone harvesting operations.

Nevertheless, post-operative complications in iliac bone

donor sites have been reported.7 Less common complica-

tions after said surgery include severe events such as peri-

toneal perforation, urethral injuries, and retroperitoneal

hematoma. More common complications after said surgery

include nerve damage, hematoma, hernia,8 and donor site

pain, the last of which is the most prevalent complication.9

These complications cause considerable burden on patients’

personal and professional life.

Characteristics and Advantages of

Trapdoor-Procedure-Based Bone

Harvesting
Currently, trapdoor-procedure-based bone harvesting and

tricortical iliac bone harvesting are two common bone-

harvesting methods. Trapdoor-procedure-based bone

Table 3 Differences in Iliac Bone-Graft Donor Site Incision Length, Intraoperative Blood Loss, Amount of Bones Harvested,

Operation Time, and Incidence of Complications Between the Two Patient Groups

Group Incision

Length (cm)

Intraoperative Blood

Loss (mL)

Amount of Bones

Harvested (cm3)

Operation

Time (min)

Incidence of

Complications

Experimental group 5.18 ± 0.12 8.39 ± 0.62 8.35 ± 0.72 12.65 ± 0.84 1/34

Control group 5.21 ± 0.07 21.81 ± 0.27 13.24 ± 0.27 11.24 ± 0.67 4/31

Test value t =0.527 t =6.921 t =4.258 t =0.469 χ2 =13.852

p 0.375 0.004 0.025 0.624 0.002
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harvesting preserves the shape of the iliac spine and

prevents iliac bone-graft donor site depression. By con-

trast, tricortical iliac bone harvesting causes varying

degrees of iliac spine damage. The uneven bone edges

of iliac bone-graft donor sites irritate the soft tissue, and

the pressure created by belt-tying causes pain to the

donor site. In addition, removing the inner and outer

tables of the bone may cause abdominal hernia10 and

result in donor site pain. These results supported those

of major complications of tricortical iliac bone harvesting

from the literature.8

Trapdoor-procedure-based bone harvesting preserves

the inner tables of the bone and the iliac spine shape.

With support from the inner table of the iliac bone and

iliac spine, this surgical method enables control of donor

site bleeding, limits hematoma, and facilitates the self-

remodeling and self-filling of bone wounds during late

recovery stages. By contrast, tricortical iliac bone harvest-

ing causes numerous soft tissue peeling in the inner and

outer areas of donor sites and cancellous bone exposure,

which may increase donor site bleeding. Damage to the

donor sites and soft tissue collapses limit control over

hematoma, which may potentially spread to locations

such as the gluteal and iliacus muscles11 and cause hetero-

topic ossification and pain.

Trapdoor-procedure-based bone harvesting preserves

the completeness of the inner table of the bone, which

enhances the stability of the inner part of the anterior

superior iliac spine and the stretch resistance of the base

of the anterior superior iliac spine. As the bones of frac-

tured lower limbs heal, the iliac spine bone also recovers

and strengthens the resistance to stretch of the anterior

superior iliac spine. By contrast, tricortical iliac bone

harvesting leads to poor stability in the base of the anterior

superior iliac spine, poor stretch resistance, and increased

likeliness of fracture. Among patients who received tricor-

tical iliac bone harvesting in this study, one experienced an

avulsion fracture of the anterior superior iliac spine (donor

site). For this patient, although the donor site was 3 cm

away from the anterior superior iliac spine, the consider-

able amount of bones harvested and the bone-harvesting

length exceeding 3 cm still resulted in the patient’s poor

anterior superior iliac spine stability biomechanically.12,13

This revealed that trapdoor-procedure-based bone harvest-

ing remained a safe and effective iliac bone-grafting

option despite allowing the harvest of fewer bones than

that of tricortical iliac bone harvesting.

Recommendations Regarding

Trapdoor-Procedure-Based Bone

Harvesting
(a) Do not penetrate the inner cortex of the trapdoor (ie, the

inner cortex of the iliac spine), preserve the completeness of

soft issues such as the axial periosteum and fasciae, and

induce an anchoring effect to maintain blood flow and

facilitate bone reconstruction; (b) If the amount of bones

harvested is considerable, multiple trapdoor-procedure-

based bone harvesting can be executed to prevent deep

bones that are harvested from forming deep-layer hema-

toma. Harvesting close to the inner tables of bones must

be avoided to prevent iliac bone inner table fractures. (c)

Damage to the bone harvesting sites can be covered using

gauzes and an absorbable gelatin sponge. In case of exces-

sively bleeding, coat the bone surface with a thin layer of

bone wax. Nevertheless, this may have a negative effect on

donor site reconstruction in late recovery stages.

In sum, trapdoor-procedure-based bone harvesting can

significantly lower donor site pain, intraoperative blood

loss, and postoperative complications. However, for bone

grafting in regions with significant bone loss, tricortical

iliac bone harvesting remains the optimal option despite it

having a higher incidence of pain in patients’ donor sites

and more postoperative complications than does trapdoor-

procedure-based bone harvesting. Because few patients

were studied and the follow-up period was short, more

prospective research must be conducted by different med-

ical institutions in the future. In addition, the correlations

between related indicators of iliac bone-graft donor sites

must be analyzed.

Conclusion
There was no significant difference in the operation time

and incision length between the trapdoor-procedure-based

bone harvesting and the tricortical iliac bone harvesting.

Trapdoor-procedure-based bone harvesting can signifi-

cantly lower donor site pain, intraoperative blood loss,

and postoperative complications. However, for bone graft-

ing in regions with significant bone loss, tricortical iliac

bone harvesting remains the optimal option despite it

causing a higher incidence of pain in patients’ donor

sites and more postoperative complications than trapdoor-

procedure-based bone harvesting.

Abbreviation
SF-MPQ-2, Short-Form McGill Pain Questionnaire 2.
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