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Abstract

BACKGROUND: Due to many problems in the preparation technology and intraoperative operation of antibiotic cement rods or nails, their applications are still
limited.

OBJECTIVE: To explore the clinical effect of antibiotic bone cement intramedullary nail implantation prepared using 3D printed molds combined with
debridement in the treatment of postoperative infection in the lower extremities long bone infection.

METHODS: From October 2018 to October 2020, 16 patients with femoral and tibial infection were treated by antibiotic bone cement intramedullary nail
medullary cavity implantation made of 3D printed mold. There were 10 cases of femur and 6 cases of tibia. According to Cierny Mader’s classification of bone
infection, there were 4 cases of type Ill, 7 cases of type | + type Ill, and 5 cases of type | + type IV. The time from the first (surgical) treatment to the initial
infection was 0.5-120 months and the duration of infection was 0.5-118 months. In the intramedullary nail fixation group, the soft tissue scar, granulation
tissue and dead bone at the infected fracture end and the interlocking screw were completely removed after the removal of intramedullary nail. The soft

tissue involved in infection was removed for patients with sinuses and soft tissue abscesses. The necrotic and inflammatory tissues in the medullary cavity
were removed with soft drill and examined. Antibiotic bone cement intramedullary nail was implanted after repeated irrigation of the medullary cavity. In the
non-intramedullary nail fixation or non-fixation group, the infected broken end or focal infection site was cut open. The sinuses and infected soft tissue were
removed together. The pulp was expanded according to the standard procedures of femoral or tibial intramedullary nail fixation. The other procedures were
the same as before.

RESULTS AND CONCLUSION: (1) All patients were followed up for 12-24 months. There was no recurrence of infection or complications. (2) One case was
infected with malunion of fracture. The range of motion of the knee joint was 50 degrees in a patient with femoral fracture. (3) Bacterial culture and histological
examination of intramedullary tissue obtained from six patients with bone cement nail removal were all negative. (4) The hospital stay of all patients was 7-53
months. The medical expenses ranged from 6 000 to 49 400 yuan. (5) It is concluded that a medullary debridement in combination with antibiotic bone cement

intramedullary nail implantation is an effective treatment for long bone infection. The application of this technique in the treatment of lower limb long bone
infection can shorten the operation time and greatly reduce the medical cost. Level of evidence: therapeutic research level IV.
Key words: femur; tibia; fracture associated infection; osteomyelitis; intramedullary infection; antibiotic bone cement
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Table 1 | General information and preoperative status of 16 patients with
bone infection

W Pk AE Cierny-  EHAT BT BHIR EIR (T EGR RITAY HHT
i B % Mader AL KB RN R) AT BE ey
(%) 73 W OB (H)
iE] (H)
1 581 A/1+IV H M4 PFNA 1 2 JHGIEASRESIR REE
2 532 B/ 1+ i M4 RUN 10 5 iR, BEEAR &4
3 B61 B/ I+ il M4 PFNA 0.5 0.5 Hik. B KEhH
4 5537 A/T+IV Ji JFHCRUN 3 Bk Ris REs
5 5533 B/ 1+ i M4 RUN 10 0.5  Jaifdezy ety
6 571 A/l ed HA RUN 23 ik, mEY  wmh
7 351 A/T+IV B M4 RUN 6 3 K. REES &d
8 46 B/III Me# HA ORIF 2 49 ERRAEEE KA
e AMEE . PE
FHKEFEIRES
WFER
9 453 B/l  WEEHFE o0 24 Fidk. RIS dEEAT
#r
10 358 B/1+IVBE ML & 0 05 k& Kimd
11 % 56 A/ 1+ i#f M4 ORIF 2 RN EE A BA
ey AEE . PR
RH KBRS 3
WTFA
12 5 24 A/I1 f&® M4 RLUN 48 11 &k oty
13 5 64 A/ T+ B JFAL RUN 12 24 HiR. RIEREHR &f
%
14 % 53 A/ 1+ J&# JFik EF - 36 118 Hifk. REFHL S BH
"
15 5 48 A/ 1+IV J&H JFiL ORIF 120 1 % =
+EF
16 %5 24 A/ 1+III &8 JFC RUN 2 10 JA#kHs fisey

FVE: a AIRETEE AT, b AEYEEBER . PENA KR E T BENAT; RUN 228t
HEAET; ORIF AP Ar NI € s EF u4h [ E 42

ARG VI DR G Rl A T A R STE K B 15 615 fF
ARSI 1) B 1 s L IR R e A T W e K8 3
Blo R N B HAT I T REAG 2 MU G S Fa b 1 40 i
T AHMYRER . ¢ RMER. BESREAA, KPS
) S A0S T IR AE, 11 B TR C- R AR
Him T IEW A A 1 USSR T W AN B 2 6
3 Bl E I GAR R N IR AR . 15 BB FH AT DRy, 52
EIERG BHRHU AT T MR IR + 0%, K
TR RISE IR 2. 6 1] 70 0 T AR A BE AT B K YR 5T I Fs

B PN ZEL 2O A 1

T4 P 5 R R AR B R L U SR AT (M
LS. YKD2018165), FFANAMRMEINA B E O EE
S EE A, BRI R IR F AR N A — AR S
14 Fik
1.4.1 3D FTEIRCESIET v BTSN gAY, A —
SEFIE, HRNMOIN TVE SR R & TR OHEE S
SAEL 3D T ENHIEDUA: BB KR BE AT AL . JB I CT sl
MRI FA5 5 R AR . A% 8-14 mm B A B BE P 4T
Kt , PR =4 @ B = SRR, ) — Sk,
W Vi mBE AT B E PO B, SR TR e A9 EE
PETBAA . SRS 8 N AT AR AT A R I2 5, DA 31 S5 6
WETBARTOR 58 4 — B R, Bz sk s & b fr &
rE], BB RRIE R SR, o Bk A A AL
T s T ] A0 JE 0.3-0.6 mimy, 7] B 45 JE 4 14 25 s TG Ok 2
0.3-0.6 mm [FBEE . HilE 1) BB EAE N F AR AT LLR E
KA.
142 YEEEQ] R FH B Al AR Sl IR A T A SRR 1 5 42 1 JhR
e, RIEESIN S, S BUEMT . OBEPIETE e 2. B BE
PIET Jia o A7 1 B (1) B 4 il LA e 38 B BB T Adk 1) A 4L SO0 R
RS SARIBE WIS bR, A SEIE AR R M, KRG
REMVRALYI s KT B s R R B i KR
oo RIEIE RSB EBYIBR: (6 FH RS 6 25 bR s I IR K
KRVEAS, ¥ sk BAT AT REENE HE 1.0-2.0 mm
oY B A T . P B R P 2 202 0 R A 2 DA A
LW, ER TR TR + A0 A BURE. FESARE
5. Rp—ihy 88, — Rkt 2 b i v £ 4]
T8 R AT (SR ) IR E MRS, MR 6 L AR FEERK
FARIR A QAEBE P AT [ 52 B0 [ e 4 S S i =
SRR YN, STE ARG KA R — I UIbR, HAhid e
RV 2 R 1 B i A v 3 P AT e B 12D IR D i i )i
A= H R K AR VR A U B ok
143 PUAERE/KEBNEHIE HOY #EE8E, Bk
ITARIX W, BEHCHEE, AT RS, WARATE
FREE RN L ARG, TR 40 g R H B NIGIR H
P (F 5 7 0.5 g R KEEFK, HI{E[E Heraeus [Ry7 G PR A A 77)
BN 2 g iR ST T B R IR & R RN A
WG, F 40 g HKIRYE 2 g WEE M 7R &5 W T
B S s M R TR A B, % 40 g BKVE AN 5
1g Il B EM 1 g WS r R G KA S G ETR AR
HKVERE AT« A b A A2 S B R M B 4l Sk B
Z/N 1.0-2.0 mm, {H-FEKUEHE N ET ARG N BEE . 8K
e B PRI, 2 0 N R (T2 KRS )
— R YO 1 MU (B4R 2.5 mm BRI BE PV EF, Sk
R g s WA H R R, HEE /KSR, 4T
TR B KR BE AT, RBRBEPET I 2 X 108 KT,
i 2 BN o K P T IO 1 ST, T (G . LA 1.

Chinese Journal of Tissue Engineering Research | Vol 27 | No.7 | March 2023 | 1025



2 PEARTRERS

www.CITER.com Chinese Journal of Tissue Engineering Research

2 | BRE 16 GIBEIRITIER
Table 2 | Treatment of 16 patients with bone infection
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Figure 1 | Antibiotic bone cement intramedullary nail

144 HUAEZRE/KIEBENETHEAN B w5 G 5 A 28
AR, WUR G ECSETE TS G5 S8 A R FUR S ETRENET
AR5 G E IR IR A S, §TEE. pReE. PLAEER K
TeHEN AT NIRYT s 100 BB 3 A 1 4 4 R G & i
ANPUAZRH 7K UE BE N BT 5 AT B BN [ 78, P 3B /K
A AR 1R B TR G (RN A e B E
1B ey ( AEE ARG 2 J ) ZeBed Sk v IR [ €
REERG . FIFAREEHOIAREST ZWFT AR 265K
TEHMN 2 Bl EFEEBe)EE s ing, MEAEATER
HAKERENET S, e FIrbmATUER B KRR, Bk
AL AE R KT

1026 | PEARTZAR | 582746 | 578 | 2023538

a NOHUHKVEET: NROWERREER: U RNEHES.

- BRI

145 ARJFAE RAEART AT AR F IR + 25 Balin s R
ARJE % TRUEHUERIGIT . RIPARAH 1 IR 45 R & 2580
RS ARHTAS—Z, A7 B R AR 24 8006 45 R BE UK
PUER, DENEKAMZ . RATAEIRA R A, 5
Fe SR I IR TIR ST F AR b B IR 45 R R i
PUER . Irf BB ARG R R — 9 8 5 SUs o R = .
AJEsE 4 FEE—RIMYT. ¢ RMEA KGR, HEE
EETE A IR WRGHRIR W B PR =T e, B8
EPATI,  EIN F FHRY BEE ENGYT, RSP R R E K
BENAT; XMEIREEE, RARfk4AREE KX ML, B
FEYrE el G BAEAR R A DU T BEAT L B DR -
146 JTROFO RN R HAT, FHOMEE N IR A T RO
MG — A bRE. 2R S H K s B RIE
PROTARAE, ARIKEE T ARG IR PR 0L 2 BORBUR 27 4 b
AR E B RPN FEbRAT: 2 SR0 (R ).
JREREDL (L0 B A i, SEETRRG ) ISR br (A C-
REEA AR ) XL (METEEHEL). R
RIKBEVIIS , BT B RAERM, YID @& RAf, T, .
A JRAE JORER I, MYT C- B < FES 2R JREAR I IE R,
RN GAR R I, IEHNRIT R R WRIREE I, &
BB IR, JEAT SEHE F OO R DL AR 5 SR S,
(R LT C— S N 1 S B 3R S S8 SR AR s L TS T v
BRI E K, TR, REBRTAR.

2 Z58R Results

2.1 REAAEE ILE 2.

22 —fER 14 I AR E T i P E RS
DL Rz 2 450 Jl B 1 P i 1 48 R IR 52 R T A, TR I 1) 40-
120 min; AR &I & 50-400 mL. 1 % & Wk 1H B 3 4 il 2



HAREE

PEARTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

‘ 18 il F I K e i ‘

20
| —

16 {9 R 7 ik g £

1% 3D T ENBLRG% (1) L
B ZE KU P 4T T ST
RNBA B G07R)T

l—ﬂ BB 0 1 ‘

‘ 16 1 # NG5 RO T ‘

2 | 3D HTENEEHIEHIME R EHICRBERETHEEIENK ST #5350
AT TEACE BRI IR

Figure 2 | Experimental procedure of antibiotic bone cement
intramedullary nail implantation combined with medullary debridement
in the treatment of lower extremity long bone infection prepared by 3D
printed mold
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Figure 3 | A 32-year-old male patient (case 2) presented with redness,
swelling and sinus tract formation in the left thigh for 9 months after
intramedullary nailing of bilateral middle and upper femur fractures
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Figure 4 | A 53-year-old male patient (case 14) presented with redness,
swelling, ulceration and plate exposure in his left calf 3 months after plate
internal fixation for a fracture of the middle tibia
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Figure 5 | A 58-year-old male patient (case 10) with pain in the upper
right thigh for more than 20 days was admitted to the hospital with
limited movement of post-traumatic deformity for half an hour, presenting
suppurative infection of the right thigh and pathological fracture of the
femoral shaft
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Table 3 | Case studies of antibiotic cement rod (nail) in the treatment of long bone infection reported in articles
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