
introduction

Autologous bone graft from the iliac crest is commonly used for 
the spine fusion, nonunion of fracture and opening wedge high 
tibial osteotomy (OWHTO). However, donor site morbidity and 
the requirement for a second operation field have been major 

problems. In addition, acute severe pain at the iliac site is one of 
the major complications1) although most donor site pain usually 
resolves with time, and a small number of patients experience 
persisting pain. Early postoperative donor site pain causes re-
duced ambulation leading to prolonged hospital stay and delay in 
resumption of work and other activities2). Despite these disadvan-
tages, iliac crest autograft remains the gold standard for numer-
ous reasons including cost-effectiveness, immune compatibility, 
and reduced infection risk. No substitute can replace its com-
bined osteoinductive, osteoconductive potential in promoting 
bone union. In countries where cost is an additional significant 
constraint, autograft remains a reliable, attractive, and easily ac-
cessible option. In our previous study, we used the iliac tricortical 
bone graft for supporting the medial tibial defect in OWHTO3).

Several techniques have been suggested to reduce the incidence 
or severity of donor site pain using calcium phosphate cement, 
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a tricalcium phosphate bone filler, or a restorable mesh in spine 
surgery2,4,5). In this study, we applied a new technique for bone ce-
ment filling in the large iliac tricortical bone defect in OWHTO. 

The purpose of this study was to evaluate the efficacy of the 
modified iliac crest bone cement reconstruction as a method for 
reducing donor-site pain and morbidity in patients undergoing 
OWHTO using tricortical iliac crest autograft compared to those 
who did not undergo iliac crest reconstruction in OWHTO. We 
hypothesized that the modified iliac crest bone reconstruction 
using bone cement in patients undergoing OWHTO would be 
effective in reducing postoperative pain and morbidity at the do-
nor site. 

Materials and Methods

All patients who were scheduled to undergo OWHTO for me-
dial knee osteoarthritis at a single institution between 2010 and 
2013 were eligible for enrollment in this prospective randomized 
controlled clinical trial study. The inclusion criteria were patients 
undergoing OWHTO with iliac crest tricortical autograft under 
general anesthesia for medial osteoarthritis or osteonecrosis, who 
had provided informed consent for their participation. The ex-
clusion criteria were inability to tolerate general anesthesia for the 
procedure, discontinuation of intravenous patient-controlled an-
algesia (PCA) postoperatively, preoperative deformity of varus 15 

degrees, previous operation or refusal to participation. The study 
was approved by the Institutional Review Board of the hospital.

1. Study design
A total of 81 patients underwent the procedure during the study 

period. Based on the exclusion criteria, 12 patients were excluded 
from the study: 3 due to refusal of participation, 2 due to inability 
to receive general anesthesia, and 7 due to discontinuation of 
intravenous PCA postoperatively. Therefore, 69 patients who un-
derwent OWHTO were enrolled in this study. The patients were 
randomly allocated to a group with polymethyl methacrylate 
(PMMA) or a group without PMMA based on a random num-
ber table. Six patients dropped out of the study due to follow-
up loss. Accordingly, the final analysis included data from 33 
patients in the group with PMMA (group A) and 30 patients in 
the group without PMMA (group B) (Fig. 1). The surgery was 
performed by a single senior surgeon and the same postoperative 
rehabilitation protocol was used in all patients. All of the patients 
were assessed preoperatively for demographic data including age, 
gender, body mass index (BMI), and preoperative status.

2. operative technique
Both groups underwent the same procedure: OWHTO with 

tricortical iliac crest autograft fixed with AO T-plate and non-
locking system (Synthes, Oberdorf, Switzerland)3). Ttricortical 

Available (n=69)

Follow-up loss (n=4)

Exclusion criteria (n=12)
- Refused participation (n=3)
- Inability of general anesthesia (n=2)
- PCA discontinuation (n=7)

Group B
without PMMA

(n=34)

Follow-up loss (n=2)

Group A
with PMMA

(n=35)

Analyzed data (n=33) Analyzed data (n=30)

Open wedge HTO (n=81)

Fig. 1. Flow diagram of the study. HTO: 
high tibial osteotomy, PCA: patient-con-
trolled analgesia, PMMA: polymethyl 
metha crylate.
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iliac crest graft was harvested in both groups using the same 
technique. The contralateral anterior iliac crest was approached 
through a 4 cm incision made over the anterior iliac crest and 
the periosteum was sharply incised and reflected. The graft size 
was first delineated on the bone using electrocautery: the average 
graft size was 30 mm in length, 10–15 mm in width, and 40 mm 
in depth. The tricortical iliac crest graft consisting of the anterior 
crest and the inner and outer iliac cortices was then harvested us-
ing a sharp osteotome. The only procedural difference between 
the groups was that the iliac crest graft site was reconstructed 
using PMMA bone cement in group A whereas no such recon-
struction was performed in group B. In group A, two grooves 
were formed by a bone burr into each wall of the iliac crest defect 
to anchor the cement block within the defect thereby preventing 

dislodgement of cement from the donor site postoperatively (Figs. 
2 and 3). 

3. postoperative Management
Both groups received the same pain-control regimen, which 

involved the use of an intravenous PCA system for 3 days, in-
travenous tramadol (50 mg) every 8 hours for 3 days, and oral 
aceclofenac (100 mg) every 12 hours until discharge. Both groups 
underwent the same postoperative rehabilitation regimen, which 
included isometric quadriceps exercises, active ankle exercises, 
and straight leg raises on the first postoperative day; knee flexion 
from 0o to 100o 3 days a week at 1 week postoperatively; toe touch 
weight bearing at 1 week postoperatively; and partial weight 
bearing at 2 weeks postoperatively. All patients were discharged 
at 2 weeks postoperatively and full weight bearing was allowed 
after 4 weeks. No cast or brace was used postoperatively. 

4. assessment
Postoperative pain at rest was assessed using the visual ana-

logue scale (VAS) score (pain VAS) in both groups. Functional 
disability was assessed according to the degree of pain felt while 
performing 3 daily routine activities (functional VAS): 1) breath-
ing, 2) sitting up from the supine position, and 3) standing up 
with crutches from the seated position. The pain VAS score was 
recorded by an orthopedic resident every day till discharge and 
at 6 weeks, 3 months, and 6 months postoperatively whereas the 
functional VAS score was recorded only at the time of discharge 
(or 2 weeks postoperatively).

5. Statistical analysis
To achieve a power of 0.8 and an alpha value of 0.05, the re-

quired sample size was 50 patients in total (25 patients for each 
Fig. 2. Donor site preparation prior to application of bone cement in-
volved bone burr cutting of grooves (arrows) into each wall of the defect.

Fig. 3. Clinical photograph and postoperative pelvic radiograph showing the iliac crest after bone cementing.
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group). When a 20 percent drop-out rate was assumed in the cal-
culation, the expected sample size was at least 30 patients in each 
group. The calculation was based on the pain score at rebound 
pain as described in a previous publication6). Both groups were 
compared with regard to preoperative demographic parameters 
and the pain VAS/functional VAS scores using the Student t-test. 
All statistical analyses were performed using the SPSS ver. 18.0 
(SPSS Inc., Chicago, IL, USA). A p<0.05 was considered to be 
statistically significant.

results

There were no significant differences in demographic param-
eters (gender, age, BMI, or preoperative status) between the two 
groups (Table 1).

The pain VAS score was significantly lower in group A when 

compared to group B during the first 2 weeks postoperatively 
(Fig. 4). The pain VAS score was significantly lower in group A at 
1 week (p<0.001) and 2 weeks (p=0.04) postoperatively whereas 
it showed no significant difference between the two groups at 
6 weeks (p=0.99), 3 months (p=0.23), and 6 months (p=0.92) 
postoperatively (Fig. 4). The functional VAS score was signifi-
cantly lower (p<0.001) in group A when compared to group B at 
discharge (or 2 weeks postoperatively) for all 3 daily activities of 
breathing, sitting up from the supine position, and standing up 
with crutches from the sitting position (Fig. 5). 

There were two complications in one case in group A which 
involved loosening and displacement of the PMMA bone cement 
used to reconstruct the iliac crest (Fig. 6). And there were two 
cases of hematoma. However, there were no cases of iliac crest 
fracture or delayed wound healing at the donor site. The compli-
cations in group B (no PMMA) were three pelvic bone fractures 
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Fig. 5. Comparison of functional visual analogue scale (VAS) scores be-
tween two groups for 2 postoperative weeks. The functional VAS score 
was significantly lower (p<0.001) in group A than in group B.

Fig. 6. Postoperative pelvic radiograph showing dislodgement of the ce-
ment wedge (arrow).
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Fig. 4. Comparison of pain visual analogue scale (VAS) scores between 
two study groups for 6 postoperative months.

Table 1. Comparative Results of Demographic Characteristics between 
Group A and Group B

Characteristic
Group A 
(cement)

Group B  
(no cement)

p-valuea)

No. of patients 33 30

Age (yr) 52.36 (43–63) 54.36 (43–64) 0.61

Sex (M:F) 13:20 11:19 0.83

Height (cm) 160.42±8.43 160.10±8.69 0.88

Weight (kg) 69.75±13.26 67.95±9.57 0.54

Body mass index (kg/m2) 26.96±3.76 26.49±2.91 0.57

Mechanical axis (o) 5.82±3.53 5.63±4.00 0.83

Values are presented as median±standard deviation (range).
a)Statistically significant, p<0.05.
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(linear type), two hematomas, and one infection.
Complications were treated by surgical removal in one case and 

drainage and antibiotics in the other two cases in group A. Pa-
tients were discharged by the end of the 2nd postoperative week.

discussion

Persistent pain at the iliac crest donor site, reported extensively 
in patients undergoing spine surgery1,2,4,7,8), may also occur in pa-
tients undergoing OWHTO, causing postoperative morbidity9). 
Reconstruction of the iliac crest donor site can alleviate donor site 
pain and morbidity by reducing the formation of adhesive scars 
and preventing irritation caused by edges of the donor site10). Our 
prospective study showed that the modified reconstruction of the 
iliac crest donor site using PMMA bone cement significantly re-
duced pain and functional disability in patients undergoing open 
OWHTO for at least up to 2 weeks postoperatively.

The results of our study are similar to those of Resnick4) who 
reported significant pain alleviation at the iliac graft donor site at 
6 weeks and 3 months postoperatively after reconstruction with 
tricalcium phosphate bone substitute. However, in comparison to 
the study by Resnick4), there was no significant difference in pain 
reduction between the two groups after 2 postoperative weeks in 
our patients. This discrepancy in the results could be attributable 
to two reasons: the size of the graft harvested and the material 
used to reconstruct the iliac bone defect (bone cement versus 
tricalcium phosphate). The size of iliac crest graft harvested for 
OWHTO in our study (30×15×40 mm) was much larger that 
harvested for cervical spine surgery in the Resnick’s study (range, 
12 to 16 mm)4). Bone substitutes such as tricalcium phosphate 
may not be available at all medical centers, and add considerably 
to the cost of procedure compared to the PMMA bone cement.

The mechanism of the pain is unclear, but it has been presumed 
to be trauma to the periosteum or muscle. Several methods have 
been suggested to reduce the donor site pain such as rounding 
of iliac bony edges11), insertion of a resorbable mesh5), and a local 
injection of morphine12).

In our study, the mechanism of pain relief after iliac crest re-
construction with cement may be related to 1) prevention of mi-
cromotion at the defect site, 2) initial support by cement fixation 
at the bone defect site, or 3) protection of the graft site against 
adhesive scar formation.

The complications encountered in patients who underwent 
iliac crest reconstruction with PMMA bone cement (group A) 
included loosening and displacement of the cement block in 
one patient and hematoma without pelvic bone fracture in two 

patients. For cement loosening, surgical removal was carried out 
and recovery was uneventful. The loosening and displacement of 
the cement block was probably due to inadequate anchoring of 
cement block at the donor site and improper tightness of the soft 
tissue after repair. The modified iliac crest reconstruction creates 
two grooves through electric burring in either wall of the donor 
site in order to firmly anchor the cement block within the defect. 
The cement technique may have prevented pelvic bone fracture 
due to initial support at the bone donor site in group A.

PMMA bone cement is relatively low cost, easily available, and 
effective. There are several options to reconstruct the iliac crest 
graft donor site. These include using bone graft substitutes4,13), 
calcium phosphate cement2), a ceramic spacer14), and iliac crest 
allograft10). However, all these options result in a higher cost to 
the patient compared to the easily available PMMA bone cement. 
Furthermore, using allograft or any bone substitute at the donor 
site may cause issues related to union and integration. 

In this study, we maintained treatment consistency to the best 
possible extent in both groups. The graft harvesting technique, 
immediate postoperative pain management protocol, and post-
operative rehabilitation regiment were the same in all patients 
and the questionnaire used was devised by a single senior sur-
geon. Nonetheless, there are several possible limitations of this 
study. First, the sample size was relatively small; a bigger sample 
size should have been used. In addition, the study population was 
predominantly female (41 of 63 patients), although women are 
more susceptible to knee osteoarthritis for some unknown rea-
sons. Finally, the study was conducted by only one surgeon at one 
institution; a multi-center study involving more surgeons could 
strengthen the validity of the results.

conclusions

The modified iliac crest donor site reconstruction using PMMA 
bone cement in patients undergoing OWHTO significantly 
decreased pain and improved function during the first 2 weeks 
postoperatively when compared to those who did not undergo 
iliac crest reconstruction.
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