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Analysis of the Factors Affecting Bone Union after Open-Wedge High
Tibial Osteotomy and Graft Material for Lateral Cortex Fractures

Jin-Hyeok Seo, M.D., Do-Hun Kim, M.D.", Seung-Suk Seo, M.D., Yeon-Gu Kim, M.D,,
Ok-Gul Kim, M.D., and Beyoung-Yun Park, M.D.

Department of Orthopedic Surgery, Bumin Hospital, Busan, Korea

Purpose: The purpose of this study was to analyze patient factors including smoking, body mass index, correction angle, graft material,
presence of lateral cortex fracture, and age for the effect on bone union after open-wedge high tibial osteotomy and the effect of graft
material used for lateral cortex fractures.

Materials and Methods: This retrospective study was conducted on 54 patients and 58 cases with osteoarthritic change Kallgren-
Lawrence grade 2 or less from May 2012 to June 2014. Average follow-up period was 22 months (14—-38 months). The patients were
divided into two groups according to patient related factors and graft materials (allograft, n=6; beta-tricalcium phosphate [B-TCP], n=6) used
for lateral cortex fractures and were analyzed for the relationship with bone union after open-wedge high tibial osteotomy. Radiographic
and clinic analyses were performed, and van Hemert grading was used for grading bone union at 6 weeks, 3 months, 6 months, and 1 year
postoperatively.

Results: The non-smoking group and the group without lateral cortex fracture showed significantly higher bone union rates than the control
group. No significant clinical or radiological difference was observed between the two groups in 12 cases and the allograft group showed
significantly higher rates of union at 6 months and 1 year postoperatively according to the van Hemert grading.

Conclusion: Smoking and the presence of a lateral cortex fracture is a risk factor for nonunion in medial open-wedge high tibial osteotomy.
The use of allograft material rather than B-TCP for lateral cortex fractures is thought to result in better bone union.

Key words: knee, osteoarthritis, open wedge high tibial osteotomy, allografts, B-tricalcium phosphate
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Table 1. Demographic Data of the Patients

Parameter Total

No. of patient 58

Sex (male/female) 9/49
Knee (left/right) 36/22
Age (yr) 58.79+5.63
Body mass index (kg/m?’) 24.53+3.24
No. of smoker 17

Values are presented as number only or mean=standard deviation.

Table 2. Grading of van Hemert'®

Phase in article McKibbin
0 Direct postoperative Inflammation
1 Vascular phase Soft callus
2 Calcification phase Soft and hard callus
3 Osteoblastic phase Hard callus, remodelling
4 Consolidation phase  Hard callus and remodelling
5 Full reformation Remodelling
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Explanation

Haematoma

Osteopenic bone, rounded osteotomy sites, clear distinction between TCP and bone
Whitening of sites and blurred distinction between TCP and bone

Distinction between TCP and bone slightly visible, though healed osteotomy

Full reformation, though osteotomy recognizable, no TCP

No sign of osteotomy

TCP, tricalcium phosphate.



397

Factors Affecting Bone Union after OWHTO for Lateral Cortex Fractures

SAF B QAo whe TR HE ERIsh| flsf & 7é _Tl_]-
Al 717+ 5<9F van Hemert :18)01 27k RS ol-85te] F7h
SHATHTable 2). B= SAF=0lA & & 65, 70, o7, 1ol AA| SAPolA AE 79 o] 29 S/ 5= olAT
grading of van HemertE 7F5t7] ¢Joll Al5-FoF YAMIA A B-TCP o]A-9] vlaofA {2l zfol= ¢lithTable 3). 215
E Aldsiaith 5712 95 94 | A= okl Aol TET &40l e A 12019 5] Aol M (T3 oAl
A 7919 Zol4] Sxoll e 254 =5 vlusty] sl 6o, p-TCP o]Al< 69ll) & o+ 7ke] $HA} & QIAKTable 4) %
grading of van HemertS ARE5HR 1L, Y44 715 918l Oxford YA A (Table 5), Y734 AiKTable 6)oA = SAIX 2 89
74> 9 knee injury and osteoarthritis outcome scoreS & 4, & & Tk 2o]= IR T grading of van HemertS H| 23 A 7toj Al =

o3 Aol BrFstgich & T 1Y, 190] S5 ol HToN ROP5H £ ATE B
S Uk /1919 £ /ITAE @ Bl A kTl )

A BAE|GITh R J1ST YA BAS SHA TATT B TR RN BeAsHe F90} 012 58 To] 24 7

Bels Q4R B, vk WA el 7] B, ol 3 9& BHeel 29He FTE 0)2 il of w8 Aow

9] ol BOl 37, 01 AT B4 §9 GOl TWAU, 8k OIS WAL 013 5T E4ol g BTN

Y] S ofu|ATE Boto] ARSI p<005IA 8] BE FA] 717 B thETETH 98 grading of van Hemert

saical pover® $I8A= 2124] 5t0] 290) @rjol thet A 7HBAHOR felobl o e TG BT Table 3, ol

= H
Fog FEottta AR U FARAS MedCale ver, 1522 ST &5 7A4F &40 A8 ¢ B/ 78S =0l
(MedCalc Software, Ostend, Belgium)E AFE5Fo] independent = QA Aoz Azt T8y & A WekE, BML 24 ZHE,
samples t-test, one~way analysis of variance W 2.2 A1ME vlw. A} Lo]= & Ao Z-Reat Addo] gl A o2 el
stelon], SAA 2 FOlgh 52 p-value”} 005 DIt -2 th
“Jotsi

Table 3. Demographic Data and Surgical Factors in Patients with Bone Union Grade

Variable Postop. 6 wk p-value Postop. 3 mo p-value Postop. 6 mo p-value Postop. 1 yr
Smoking <0.05* <0.05* <0.05* <0.05*
Smoker (n=17) 1.74+0.45 2.10+0.57 2.21+0.71 2.95+0.78
Nonsmoker (n=41) 2.22+0.57 2.66+0.62 3.34+0.88 3.98+0.82
BMI (kg/m’) 0.95 0.60 0.17 0.06
>30 (n=15) 2.06+0.56 2.41+0.87 2.71+1.05 3.29+1.16
<30 (n=43) 2.07+0.59 2.51+0.55 3.09+0.95 3.79+0.80
Degree of correction 0.34 0.22 0.56 0.24
>10 (n=18) 2.00+0.49 2.39+0.50 2.94+0.99 3.56+0.70
<10 (n=40) 2.15+0.58 2.60+0.63 3.1+0.90 3.83+0.84
Graft material 0.64 0.13 0.12 0.63
Allograft (n=29) 2.07+0.53 2.66+0.61 3.24+0.87 3.79+0.77
B-TCP (n=29) 2.14+0.58 2.41£0.57 2.86+0.95 3.69+0.85
Lateral cortex <0.05* <0.05* <0.05* <0.05*
Fracture (n=12) 1.57+0.51 2.19+0.70 2.50+0.94 3.14+1.03
Intact (n=46) 2.22+0.51 2.57+0.62 3.13+0.96 3.80+0.86
Age (yn) 0.93 0.42 0.25 0.25
>60 (n=21) 2.10+0.54 2.49+0.61 2.95+0.94 3.65+0.79
<60 (n=37) 2.11+0.57 2.62+0.59 3.24+0.89 3.90+0.83

Values are presented as mean+standard deviation. *This data is statistically significance. Postop., postoperative; BMI, body mass index; TCP, tricalcium
phosphate.
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Table 4. Demographic Data of Patients in the Allograft Group and 3-TCP Group with Lateral Cortex Fracture

Variable Allograft group (n=6) -TCP group (n=6)
Age (yr) 58.79+5.63 56.21+6.60 0.1
Body mass index (kg/m?) 24.53+3.24 24.89+2.89 0.66
Sex (male/female) 5/24 4/25 1.00
No. of smoker 0 1 1.00
No. of DM 5 3 0.70
No. of HTN 9 10 1.00

Values are presented as mean=standard deviation or number only. TCP, tricalcium phosphate; DM, diabetes mellitus; HTN, hypertension.

Table 5. Radiologic Assessment of the Allograft Group and B-TCP Group in Damaged Lateral Cortex

Variable Allograft group (n=6) B-TCP group (n=6)
Mechanical FTA (°)
Preoperative 186.28+2.84 185.75+4.03 0.57
Postoperative 6 wk 176.88+1.78 177.58+2.59 0.24
Postoperative 3 mo 177.33¢1.72 178.14+2.60 017
Postoperative 6 mo 177.62+1.70 178.40+2.59 0.18
Postoperative 1 yr 177.79+1.71 178.86+3.16 0.12
Mechanical MPTA (°)
Preoperative 85.15+2.12 85.99+1.74 0.10
Postoperative 6 wk 92.10+2.16 91.65+2.44 0.46
Postoperative 3 mo 90.97+1.83 90.69+2.08 0.59
Postoperative 6 mo 90.68+1.76 90.31+1.96 0.45
Postoperative 1 yr 90.51+1.66 90.11+1.90 0.39
Posterior slop of tibia (°)
Preoperative 11.42+3.12 12.47+3.49 0.23
Postoperative 6 wk 7.76+3.40 8.62+1.57 0.22
Postoperative 3 mo 8.49+3.17 9.41£1.70 0.18
Postoperative 6 mo 8.76+3.18 9.71+1.72 0.16
Postoperative 1 yr 8.95+3.26 9.88+1.76 0.18

Values are presented as mean=+standard deviation. TCP, tricalcium phosphate; FTA, femorotibial angle; MPTA, medial proximal tibial angle.

s ot s Axbe Byon), 9% WAE Tao| i 49
AT 29 0|42 TR 5ERA AL o LS ANE By
of Aol WY U 29] A2 Lo FASHE 4 ok
oF 912 WA Zo] £4E A Bl AU Thsol H e £ AToIN Felo] W 1Y ey vl okt F skt
Ao Uetglth thE ATOME A WS 29 42 AT Gk S90S U2 BHE Py T2 Akk el oy
2o Y o5 ABE gl o AT 29NolA TS Al S Ul Y A 298 Welista 24 ek Hsfatet
At 3 A ek Tag GAIske Aol Lo, 3 el YIrk ERk B Meidinger 5 G4 Slo]
AT B9lo] XA W B4 91Tl F7I5He who] BT §80] 919 xtekm Bustgich whebd Lobenhoffer 502 &
SI9IThY nlebd] B ARFES AYY US 29 42 ATEN AL SHe ol AYY BE 29 A2 LS 2K
A2 R9l0] TH3Yo] P D|AE WA BASkIA . oRerkm BIskch B Aol ABoAE S AL she
ATE AWt & A T 450 013 UT B g AL AARY W B0] Y] Fob 4 9leL BolF



39

Factors Affecting Bone Union after OWHTO for Lateral Cortex Fractures

Table 6. Clinical Assessment of the Allograft Group and B-TCP Group in Damaged Lateral Cortex

Variable Allograft group (n=6) [3-TCP group (n=6)

Oxford score

Preoperative 23.10+6.04 21.93+5.24 0.43

Postoperative 1 yr 39.14+4.47 37.03+4.75 0.08
KOOS pain

Preoperative 55.17+10.30 54.07+5.57 0.61

Postoperative 1 yr 78.76+7.56 77.17+3.43 0.31
KOOS symptoms

Preoperative 56.21+9.90 55.52+6.10 0.75

Postoperative 1 yr 76.24+8.47 74.86+3.28 0.42
KOOS activities of daily living

Preoperative 58.14+9.96 57.38+5.42 0.72

Postoperative 1 yr 76.31+8.62 74.28+4.42 0.26
KOOS sport & recreation function

Preoperative 33.28+4.62 33.41+£3.15 0.89

Postoperative 1 yr 53.00+12.20 52.21+5.03 0.75
KOOS Q0L

Preoperative 32.49+3.58 32.41+£5.57 0.97

Postoperative 1 yr 61.97+7.66 60.03+4.36 0.24

Values are presented as mean=standard deviation. TCP, tricalcium phosphate; KOOS, knee injury and osteoarthritis outcome score; QOL, quality of life.

Table 7. Bone Union Grade of the Allograft Group and B-TCP Group in o] ¥MYEHA] o=t} B skt & o] AA| 580 = 1290]
Damaged Lateral Cortex A 9]2 mAEZ ZH o] &Abol

Jol QIglon], ARFEE 2719 1
Varigble " odtatgroup = BRIGROMOID e R L R A R B AN R MO R
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e AB7 2 T BT AL 95 YT B o)
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