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Evaluation of Osseointegration in Titanium Alloy Cortical Screws with the Passage of Time

Jae Hyup Lee, M.D.", Bong-Soon Chang, M.D., Choon-Ki Lee, M.D.

Department of Orthopedic Surgery, Seoul National University College of Medicine, Seoul, Korea
Department of Orthopedic Surgery, Gachon Medical School, Incheon, Korea™

Purpose: To evaluate the osseointegration of titanium alloy cortical screws with the passage of time.

Materials and Methods: Fifty four titanium alloy cortical screws (24 mm in length, 3.5 mm in diameter) were implanted bilaterally in the tibial diaphysis
of adult mongrel male dogs of similar size and weight (30+5 kg). The insertion torques, radiographs, undecalcified histology, histomorphometric
analysis and extraction torques were evaluated at 2, 4 and 8 weeks after surgery.

Results: The extraction torque at 2 weeks (1.14+0.470 cN - m) was significantly lower than the insertion torque (1.76+0.609 cN - m) (p=0.0071), the
extraction torque at 4 weeks (2.57+1.36 cN - m) was slightly improved and the extraction torque at 8 weeks (3.18+0.499 cN - m) was significantly
higher than insertion torque (p=0.0005). Direct bony contact in the early phase was poor and intervening fibrous tissue was observed at the
bone-screw interface. However, the fixation between the bone and the screws improved with time. The percentage of bone-screw contact at 8
weeks (33.1+18.5%) was higher than that of 2 weeks (22.4+12.9%), but not statistically significant.

Conclusion: Because of thermal injury or pressure necrosis, the fixation strength of titanium alloy cortical screws at 2 weeks after implantation is
significantly lower than that at the insertion time. So, we should keep in mind the initial phase weakness of screw fixation when we allow the patients
the range of motion exercise or weight bearing and the improvement of the initial phase fixation is very important in clinical results.

Key Words: Titanium screw, Osseointegration, Biomechanical, Histomorphometric analysis
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Fig. 1. Histomorphometric analysis.
(A) Measurement of the percentage of direct bone-screw contact.
(B) Measurement of the bone area percentage inside the threads.
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Fig. 2. Histological cross section (undecalcified, hematoxylin & eosin, X 40, Lt, X 100, Rt) of titanium screws. Arrow heads indicate the
gaps between bone and screws. Arrows indicate direct bony attachment to screws. Severe bone resorption can be seen on the 2 weeks after
surgery. Very little bone-pin contact is visible.

(A) 2 weeks after implantation (Lt: X 40, Rt: X 100).

(B) 4 weeks after implantation (Lt: X 40, Rt: X 100).

(C) 8 weeks after implantation (Lt: X 40, Rt: X 100).
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Table 1. Biomechanical results for the screws implanted in the ca-
ninea

bone between bone between bone between
the threads at the threads at the threadsat p value
2 wks (%) 4 wks (%) 8 wks (%)

CPP 66.8+5.17 71.6x155 76.818.94 0.25
W3G  73.8£137 725+113 805+791 030
CSG 79.31£125 90.7+6.80 77.9+18.6 0.13
WAG 79.6+12.2 82.7£7.25 79.61£5.14 0.74
Uncoated 68.11+14.6 57.6t15.7 60.1+£19.1 0.47
p value 0.27 0.0006 0.025

Values are the mean+SD; n=16 in each group (48 total)

Table 2. Histomorphometric results

Parameter 2 weeks 4 weeks 8weeks pvalue

% of bone-screw
contact

bonearea% 68.1£14.6 57.6+15.7 60.1£19.1 047

224+129 1644140 33.1+185 0.15

S AT A A7 4 2243 345 VAR Aol 2
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3. MASEAE A A} (Biomechanical results) 4, RS HA}
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23k ZFo] 7} §1SIE (Kruskal-Wallis test, p=0.14). T=3F 25+ |7 3l 23t AR el AEo] wle A o]H S E
47 AR 85 AT EA 3hS ATRREE o] F8le 5] WAl FiolA U AlstolA Uab=a wizz] Alo)
), 25 4FJ< (Shapiro-Wilk test, p=0.003, Kolmogorov-Smirmov o AAAo] gAY A FTo] AR} wiele] AAH
test, p<0.01)3} 45= A A" (Shapiro-Wilk test, p=0.025, Kolmo- o AFo] g A2AL BT 4% ATl s YA
gorov-Smirnov test, p<0.01), 8 A4Sl (Shapiro-Wilk test, I Zo] A ARl AF o] 25 AAwel HE F7FalHA

p=0.0047, Kolmogorov-Smirnov test, p=0.0175)> A% S L}AP& R we} 2740 Ajto] dF-ofA] o]FolA]

o] X ekgirh T12lal, 25 ARQt (L76£0.609 cN-m)ell ¥l 11, 25 AATRIHE HAANE Aol I A et
3 27 A (11420470 cN-m)o] FoJ8Al WOk (p= & jaf?—g T AATE 8F AATAA = =3 AR A%
0.0071), 45 AFI (2.31+1.41 cN-m)T} 45 AAT 257+ oFato] Bl FEEA 25 AATH 4F AAT H] oH A
136 cN-m)olli= F2Jgh 2fol7h I2lem (p=028), 85 Al Adf Ae S B, 53] vakm FaellA o] AAA
(L.71£0.390 cN - m)ell B]3l 85 A|A (3.18+0.499 cN - m)©] Azto] ddu]o] AAA Aol FEE & % 7
FrolahAl ATk (p=0.0005). FEEH, 25 AAL] HlE] 45 ZAS 5= AT} (Fig. 2)

A ATl Fol8kA =%aL (Wilcoxon two-sample test, Two-

Sided Pr>|Z|= 0.0001), 45 #l| Aol w]sh 85 A|Ao] ko

U felgk xfol= it} (Wilcoxon two-sample test, Two- TP AERFS B Al 23 A 23 U

Sided Pr>|Z|= 0.066) (Table 1). AP HAEELS 224112.9%, 47 AIA] HAEELS 164+
14.0%, 12jaL 85 3] HFE> 331+185%= 85 43
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| S50l 257 IR ot FAH R {23 2
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e AAskE 220 vEs B4 A3 27, 47, 85
AIA] YARE Ato] 7S AR Eh= FEF 2] H[E-2 37 A}
olof] Frolgk xpo]E HolA| 3kt (p=0.47) (Table 2).

6. SEM &dAf
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