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Meta-analysis of the effect of cemented and uncemented
hemiarthroplasty on displaced femoral neck fracture in the elderly
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Abstract. The present meta-analysis was designed to system-
atically evaluate the effect of cemented and uncemented
hemiarthroplasty on femoral neck fractures in the elderly
and its effect on intraoperative bleeding and postoperative
complications. Pubmed, Embase, the Cochrane Library,
CNKI and WANFANG databases were retrieved and retrieval
time was from inception to February 2019. Operative time,
intraoperative blood loss, length of hospital stay, postoperative
complications and postoperative mortality were compared
between cemented and uncemented hemiarthroplasty.
RevMan 5.3 statistical software was used for analysis. A total
of 16 randomized controlled trials were included, with a total
of 2,384 patients undergoing hemiarthroplasty. The cemented
group had a longer operation time [weighted mean differ-
ence (WMD)=7.07, 95% confidence interval (CI)=3.91-10.23,
P<0.0001], but it had lower incidence of intraoperative and
postoperative fracture around the prosthesis (OR=0.25,
95% CI1=0.13-0.47, P<0.0001) and shorter length of hospital
stay (WMD=-1.78, 95% CI=-13.38--0.17, P=0.03). There was
no significant difference in pulmonary embolism, mortality,
lower extremity deep vein thrombosis rate, joint dislocation
rate, intraoperative blood loss and postoperative incidence
of lung, urinary system and incision infection between the
two groups. To summarize, compared with the uncemented
group, the cemented group had long operation time and a
high incidence of pulmonary embolism, but had an advantage
in reducing the risk of periprosthetic fractures. In addition,
cemented hemiarthroplasty did not increase the mortality
rate, the rate of deep vein thrombosis in lower extremities,
the rate of joint dislocation, intraoperative blood loss, and the
incidence of postoperative pulmonary, urinary, and incision
infections.
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Introduction

Hip fracture, especially femoral neck fractures, is common in
elderly patients caused by osteoporosis and trauma (1). Due
to anatomical reasons, the femoral head is prone to a lack of
blood supply after fracture, resulting in osteonecrosis and bone
nonunion (2). Senile femoral neck fractures are mainly caused
by osteoporosis and the incidence of femoral neck fracture
is higher in women than that in men (3). The occurrence of
femoral neck fracture is usually caused by a combination of
many factors. The femoral neck is on the border between the
osteoporosis bone and compact bone where the structure is
fragile. In addition, the elderly tend to have various defects in
the body, such as calcium phosphate imbalance and osteopo-
rosis. Therefore, the elderly are prone to fracture when exposed
to mild external direct or indirect violence, and osteoporosis is
the most significant factor (4).

Hemiarthroplasty is a routine treatment in Garden III
and Garden IV femoral neck fracture. However, a number
of scholars believe that, although the incidence of complica-
tions of cemented hemiarthroplasty is low, it may result in
cardiovascular and cerebrovascular complications (5). Various
experts believe that uncemented hemiarthroplasty has certain
advantages in regards to operation time and intraoperative
blood loss (6). Therefore, the use of bone cement or unce-
mented hemiarthroplasty fixation is still controversial. This
meta-analysis was designed to collect and analyze randomized
controlled trials (RCTs) to compare the differences between
the two fixation methods in regards to the operation time,
intraoperative blood loss, length of hospital stay, postoperative
complications and postoperative mortality in the treatment of
elderly femoral neck fractures, so as to provide references for
the selection of clinical prosthesis implantation.

Patients and methods

Search strategy. Two reviewers searched databases inde-
pendently including Pubmed (https:/www.ncbi.nlm.nih.gov/
pubmed/), Embase (https://www.embase.com/), Cochrane
Library (https:/www.cochranelibrary.com/), CNKI (https://
www.cnki.net/) and WANFANG (http://www.wanfangdata.
com.cn/index.html) databases. The search terms included
‘Hip fractures’, ‘Femoral fractures, ‘Femoral neck fractures’,
‘Hemiarthroplasty’, ‘Artificial Femoral head replacement’,
‘Cemented or Cement’, ‘Uncementor without bone cement’,
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‘Noncemented or uncemented’ and ‘Biotype or cementless’.
The retrieval time was from inception to February, 2019.

Inclusion and exclusion criteria. Inclusion criteria included:
1) subjects aged 60 years or older with femoral neck fractures;
ii) the intervention measures were cemented or uncemented
hemiarthroplasty; iii) the study type was clinical prospective
RCT.

Exclusion criteria included: i) low quality or non-RCT;
ii) studies that failed to obtain original texts or accurately
extract data; iii) subject age <60 years; iv) repeated literature;
v) patients undergoing secondary surgery for the same disease.

Data extraction and quality assessment. Two reviewers
independently screened the literature and extracted data.
Concerning controversial literature, a third reviewer decided
whether to include a study or not. The data extracted included
baseline data and outcome indicators.

The modified Jadad scale (7) was used to evaluate the
quality of the included studies. Blinding, randomization,
concealment allocation and withdrawal in the study were
analyzed respectively. The total score is 7. Studies with scores
more than or equal to 4 are considered high-quality, and those
with scores less than 4 are considered low-quality. Extremely
low-quality studies were excluded to ensure the reliability of
the meta-analysis results.

Outcome indicators. All the outcome indicators are as follows
(and indicated in Table I with small letters): a) peripros-
thetic fractures; b) postoperative joint dislocation; c¢) time of
operation; d) incision infection; e) intraoperative blood loss;
f) length of hospital stay; g) postoperative cerebrovascular
accident; h) postoperative myocardial infarction; i) post-
operative pulmonary infection; j) pulmonary embolism;
k) postoperative urinary tract infection; 1) postoperative deep
vein thrombosis; m) mortality within six months after surgery;
n) mortality within one year after surgery.

Statistical analysis. Meta-analysis of the extracted
data was performed using the RevMan 5.3 soft-
ware (https://training.cochrane.org/online-learning/
core-software-cochrane-reviews/revman) recommended by
the Cochrane collaboration (London, UK). We calculated the
odds ratio (OR) and 95% confidence interval (CI) for the count
data, and calculated the weighted mean difference (WMD)
and 95% CI for the measurement data. I* was used to test for
heterogeneity. P<0.05 and I*>50% indicated the heterogeneity
of each study. We analyzed the cause of the heterogeneity
and used the random effect model for analysis. If P>0.05 and
1°<50%, the heterogeneity of a study was low and we used
the fixed-effect model for analysis. Funnel plots were used to
analyze publication bias of the included studies. Studies with
significant publication bias were excluded.

Results

Study selection and study characteristics. We initially
searched 422 articles and finally included 16 studies (8-23),
including 1,194 cases in the cemented group and 1,190 cases
in the uncemented group. The literature screening process is
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shown in Fig. 1. Baseline information of the included studies
is documented in Table I.

Results of the meta-analysis

Periprosthetic fractures. A total of 8 studies (8,11-14,16,21,23)
reported periprosthetic fractures and 997 cases were included
in the analysis. There was no significant heterogeneity in
the results of the studies (P=0.31, I’=16%). The fixed-effect
model was used for analysis and the results showed that the
incidence of periprosthetic fractures in the cemented group
was lower than that in the uncemented group (OR=0.25,
95% CI1=0.13-0.47, P<0.0001; Fig. 2).

Postoperative joint dislocation. A total of 8 studies in the
literature (8,11,12,14,16,17,21,23) reported postoperative joint
dislocation and 1,320 cases were included in the analysis.
There was no significant heterogeneity in the results of various
studies (P=0.72, I’=0%). The fixed-effect model was used for
analysis and the results showed that there was no significant
difference between the two groups in the incidence of joint
dislocation after surgery (OR=1.80,95% CI=0.85-3.80,P<0.12;
Fig. 3).

Time of operation. A total of 10 studies (8,10,11,13,15,17,18,20,
21,23) reported time of operation and 1,691 cases were included
in the analysis. There was significant heterogeneity in the
results of the studies (P<0.00001, I’=77%). The random effect
model was used for analysis and the results showed that the
time of operation in the cemented group was longer than that
in the uncemented group (WMD=7.07, 95% CI=3.91-10.23,
P<0.0001; Fig. 4).

Incision infection. A total of 10 studies (8,10-12,14,16-18,21,23)
reported incision infection and 1,453 cases were included in the
analysis. There was no significant heterogeneity in the results of
the studies (P<0.88, I’=0%). The fixed-effect model was used
for analysis and the results showed that here was no significant
difference between the two groups in the incidence of incision
infection (OR=1.11, 95% CI=0.69-1.79, P=0.66; Fig. 5).

Intraoperative blood loss. A total of 12 studies (8-13,15,16,18,
20,21,23) reported intraoperative blood loss and 1,761 cases
were included in the analysis. There was significant hetero-
geneity in the results of the studies (P<0.00001, 1’=85%). The
random effect model was used for analysis and the results
showed that there was no significant difference between the
two groups in the intraoperative blood loss (WMD=15.14,
95% CI=-10.31-40.60, P=0.24; Fig. 6).

Length of hospital stay. A total of 6 studies (8,13,15,17,21,22)
reported the length of hospital stay and 968 cases were included
in the analysis. There was significant heterogeneity in the
results of the studies (P<0.00001, I’=84%). The random effect
model was used for analysis and the results showed that the
length of hospital stay in the cemented group was less than that
in the uncemented group (WMD=-1.78, 95% CI=-13.38--0.17,
P=0.03) (Fig. 7).

Postoperative cerebrovascular accident. A total of 5 studies
(13,14,16,17,21) reported postoperative cerebrovascular
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Table I. Baseline characteristics of the included studies.

Mean age
Studies No. of patients (cemented/uncemented) Follow-up
First author, year (Ref.) Country (cemented/uncemented) (years) time (months) Outcomes
Deangelis, 2012 (9) USA 66/64 81.8/82.8 12 e,m,n
Du, 2014 (23) China 47/47 74.5/74.2 12 abcde,ik
Emery, 1991 (10) UK 27126 80/81 17 c,d,jln
Figved, 2009 (11) Norway 112/108 83.4/83.0 12 ab,c,deh,ijmn
Inngul, 2015 (12) Sweden 67/74 81.2/81.3 12 ab,d.ehikmn
Khorami, 2016 (14) Iran 22/29 79/71.7 6 abd.gk
Langslet, 2014 (15) Norway 111/108 83.4/83.0 12 c.efmn
Li, 2017 (13) China 35/35 76.4/77.2 6 acefgl
Ma, 2016 (8) China 30/30 66.2/68.7 12 ab,cdefl
Moerman, 2017 (16) Netherland 110/91 84/84 12 abde,gh,ijkln
Pan, 2013 (18) China 38/35 70.5/72.2 - cde,il
Parker, 2010 (17) England 200/200 83/83 24 becdf.ghjln
Sonne-Holm, 1983 (19) Denmark 55/57 82.1/82.2 12 m,n
Talsnes, 2013 (20) Norway 162/172 84.3/84.0 12 cen
Taylor, 2012 (21) New Zealand 80/80 85.3/85.1 24 abcdef.gkm
Vidovié, 2015 (22) Croatia 30/30 - 12 fn

a, Periprosthetic fractures; b, postoperative joint dislocation; c, time of operation; d, incision infection; e, intraoperative blood loss; f, length of hospital stay; g,
postoperative cerebrovascular accident; h, postoperative myocardial infarction; i, postoperative pulmonary infection; j, pulmonary embolism; k, postoperative
urinary tract infection; 1, postoperative deep vein thrombosis; m, mortality within six months after surgery; n, mortality within one year after surgery.

Potentially relevant references identified initially: 422

Duplications: 32
Excluded by title and abstract: 210

v

Y

Articles retrieved for full text: 180

Review or other type of article: 54
Spinal fracture or other diseases: 8
Irrelevant outcomes: 93

Articles remained: 25

h A
—.

L Insufficient data: 9

Y

Articles included in this meta-analysis: 16

Figure 1. Study flow and selection diagram.
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Cemented Uncemented Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Du 2014 3 47 5 47 10.5% 0.57 [0.13, 2.55]
Figved 2009 2 112 6 108 13.4% 0.31[0.06, 1.57) * B
Inngul 2015 0 67 9 74 20.0% 0.05[0.00,0.90] * =
Khorami 2016 0 22 4 29 B85% 0.13[0.01,247] * N
Li 2017 0 35 0 35 Not estimable
Ma 2016 2 30 0 30 1.0% 5.35[0.25, 116.31] v
Moerman 2017 3 110 14 91 33.3% 0.15[0.04, 0.56] &
Taylor 2012 1 80 6 80 13.2% 0.16[0.02, 1.33] *
Total (95% ClI) 503 494 100.0%  0.25[0.13, 0.47] -
Total events 1 44
o Chiz = Z6(P=031) 2= 160 C t : i
R R R
CeT ' Favours [cemented]  Favours [uncemented]
Figure 2. Forest plot for comparison of periprosthetic fractures between the uncemented and cemented groups.
Cemented Uncemented Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Du 2014 2 47 2 47 17.9% 1.00[0.13, 7.41] J:
Figved 2009 5 112 5 108 455% 0.96 [0.27, 3.42)
Inngul 2015 1 67 0 74 44%  3.36[0.13, 83.92]
Khorami 2016 0 22 1 2 13.7% 0.320.01, 8.25) "
Ma 2016 2 30 0 30 43% 5.35[0.25, 116.31) g
Moerman 2017 3 10 0 91  5.0% 5.96[0.30, 116.87] v
Parker 2010 2 200 0 200 46% 5.05[0.24,105.86] v
Taylor 2012 2 80 0 80 4.5% 5.13[0.24, 108.51] ’
Total (95% ClI) 668 652 100.0% 1.80 [0.85, 3.80] -
Total events 17 8
I =7(P=079) 2= 00 I : : {
A o W
v i e Favours [cemented]  Favours [uncemented]
Figure 3. Forest plot for comparison of postoperative joint dislocation between the uncemented and cemented groups.
Cemented Uncemented Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Du 2014 558 73 47 558 73 47 129% 0.00[-2.95, 2.95)
Emery 1991 70 198 27 62 166 26 60%  8.00[-1.82,17.82] "
Figved 2009 826 198 112 702 193 108 10.4% 12.40(7.23,17.57) E—
Langslet 2014 684 17.3 111 563 166 108 112%  12.10[7.61,16.59] —
Li 2017 612 113 35 533 104 35 105%  7.90[2.81,12.99] - =
Ma 2016 7568 69 30 7339 79 30 120% 2.29[-1.46, 6.04] ] -
Pan 2013 1082 308 41 1036 32 39 39%  4.60[9.17,18.37 ’
Parker 2010 554 134 200 485 132 200 13.2% 6.90 [4.29, 9.51] "
Talsnes 2013 84 30 162 7 22 172 98% 13.00(7.33, 18.67] —
Taylor 2012 793 172 80 747 188 80 100%  4.60(-0.98,10.18) ’
Total (95% CI) 845 845 100.0%  7.07 [3.91, 10.23] ——
Heterogeneity: Tau® = 17.90; Chi* = 39.90, df = 8 (P < 0.00001); I = 77% :_1 0 :5 0 é 4 0:
Test for overall effect: Z = 4.39 (P < 0.0001) Favours [cemented]  Favours [uncemented]

Figure 4. Forest plot for comparison of time of operation between the uncemented and cemented groups.

accident and 882 cases were included in the analysis. There
was no significant heterogeneity in the results of the studies
(P=0.63, I’=0%). The fixed-effect model was used for analysis
and the results showed that there was no significant difference
between the two groups in the postoperative cerebrovascular
accident (OR=1.57, 95% CI=0.72-3.39, P=0.25; Fig. 8).

Postoperative myocardial infarction. A total of 4 studies (11,
12,16,17) reported postoperative myocardial infarction and

962 cases were included in the analysis. There was no signifi-
cant heterogeneity in the results of the studies (P=0.74,1’=0%).
The fixed-effect model was used for analysis and the results
showed that there was no significant difference between
the two groups in the postoperative myocardial infarction
(OR=0.60, 95% CI=0.20-1.75, P=0.35; Fig. 9).

Postoperative pulmonary infection. A total of
5 studies (11,12,16,18,23) reported postoperative pulmonary
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Cemented Uncemented Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Du 2014 2 47 2 47 5.9% 1.00 [0.13, 7.41]
Emery 1991 127 0 26 1.5% 3.00[0.12, 77.03]
Figved 2009 4 112 1 108 3.0% 3.96[0.44, 36.04]
Inngul 2015 4 67 9 74 24.8% 0.46 [0.13, 1.57] -
Khorami 2016 1 22 1 29 25%  1.33[0.08, 22.57]
Ma 2016 3 30 2 30 56% 1.56[0.24, 10.05] T
Moerman 2017 6 110 3 91 9.6% 1.69 [0.41, 6.96] -1
Pan 2013 3 38 3 35 89% 0.91[0.17, 4.86] -
Parker 2010 10 200 8 200 23.5% 1.26 [0.49, 3.27] -
Taylor 2012 4 80 5 80 14.7% 0.79[0.20, 3.05] - T
Total (95% CI) 733 720 100.0%  1.11[0.69,1.79] >
Total events 38 34 . . . .
Heterogeneity: Chi* = 4.49, df =9 (P = 0.88); I* = 0% ! ' T '
T:sf;g?ov;:llgﬁect‘ Z=90 45 (I?’(={3r(-306)8 ! o 0.01 01 f 10 100
: : ’ Favours [cemented]  Favours [uncemented]
Figure 5. Forest plot for comparison of incision infection between the uncemented and cemented groups.
Cemented Uncemented Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% ClI
Deangelis 2012 2719 177 66 257 158 B4 75%  22.00[-35.64, 79.64]
Du 2014 2413 1217 47 2286 1204 47 83%  12.70[-36.24, 61.64) -
Emery 1991 325 131 27 276 133 26 62% 49.00[-22.10, 120.10] N >
Figved 2009 390 183.7 111 300 171.9 108 8.5%  90.00[42.89, 137.11] A
Inngul 2015 297 202 67 341 259 74 58% -44.00[-120.30,3230] * "
Langslet 2014 390 1837 111 300 1719 108 85%  90.00 [42.89, 137.11] —_—*
Li 2017 1753 403 35 2133 304 35 115% -38.00[-54.72,-21.28] -
Ma 2016 290.78 152 30 28325 168 30 11.9% 7.53[-0.58, 15.64] —
Moerman 2017 220 143 110 288 213 91 81% -68.00[-119.28,-16.72] ¢
Pan 2013 2575 1584 41 2798 1775 39 6.0% -22.30[-96.15, 51.55]
Talsnes 2013 335 242 162 260 163 172  8.8%  75.00[30.48, 119.52] I —
Taylor 2012 254 1308 80 251 1568 B0 88%  3.00([41.74,47.74) r
Total (95% CI) 887 874 100.0%  15.14 [-10.31, 40.60] ’-
Heterogeneity: Tau? = 1397.48; Chiz = 71.95, df = 11 (P < 0.00001); I* = 85% ! ’ ' ’ 1
Test for overall effect: Z = 1.17 (P = 0.24) -100 00 0 50 100
Favours [cemented]  Favours [uncemented]
Figure 6. Forest plot for comparison of intraoperative blood loss between the uncemented and cemented groups.
Cemented Uncemented Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Langslet 2014 78 411 109 84 902 106 17.9%  -0.60[-248,1.28] -
Li 2017 182 24 35 207 22 365 215% -250[-3.58 -142] -
Ma 2016 1044 19 30 1425 22 30 216%  -3.81[4.85-2.77] —
Parker 2010 18.8 214 200 226 235 200 8.5% -3.80 [-8.20, 0.60] -
Taylor 2012 272 146 80 265 1426 80 83% 0.70 [-3.77,5.17)]
Vidovic 2015 782 1.8 30 802 172 30 221%  -0.20[-1.10,0.70] -
Total (95% Cl) 484 481 100.0% -1.78[-3.38, -0.17] -
Heterogeneity: Tau? = 2.81; Chi* = 31.53, df = 5 (P < 0.00001); I = 84% I t ) y
Test for overall effect: Z = 2.17 (P = 0.03) -10 - 0 5 10
Favours [cemented] Favours [uncemented)

Figure 7. Forest plot for comparison of length of hospital stay after TIMI between the uncemented and cemented groups.

infection and 729 cases were included in the analysis.
There was no significant heterogeneity in the results of the
studies (P=0.74, I’=0%). The fixed-effect model was used
for analysis and the results showed that there was no signifi-
cant difference between the two groups in the postoperative
pulmonary infection (OR=0.76, 95% CI1=0.41-1.41, P=0.38;

Fig. 10).

Pulmonary embolism. A total of 4 studies (10,11,16,17)
reported pulmonary embolism and 874 cases were included
in the analysis. There was no significant heterogeneity in the
results of the studies (P=0.83, I’=0%). The fixed-effect model
was used for analysis and the results showed that there was no
significant difference between the two groups in the pulmonary

embolism (OR=3.95, 95% CI=0.97-16.02, P=0.05; Fig. 11).
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Cemented Uncemented Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Khorami 2016 1 35 0 35 46% 3.09[0.12,78.41] ’
Li 2017 3 22 0 29  3.5% 10.59[0.52, 216.54] ’
Moerman 2017 7 80 6 80 52.1% 1.18[0.38, 3.69) o
Parker 2010 2 200 1 200 94%  2.01[0.18, 22.35] N
Taylor 2012 3 10 3 91 304% 0.82[0.16, 4.18] &
Total (95% CI) 447 435 100.0% 1.57 [0.72, 3.39] N
Total events 16 10
i ORi2 = - - Sz = F t } i
w G w
:2=1.14(P =0.25) Favours [cemented]  Favours [uncemented]
Figure 8. Forest plot for comparison of postoperative cerebrovascular accident between the uncemented and cemented groups.
Cemented Uncemented Odds ratio QOdds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Figved 2009 2 112 1 108 11.5%  1.95[0.17, 21.77] v
Inngul 2015 0 67 1 74 16.3% 0.36 [0.01, 9.06] -
Moerman 2017 2 110 4 91  49.4% 0.40[0.07, 2.25) L
Parker 2010 1 200 2 200 229% 0.50 [0.04, 5.53] -
Total (95% Cl) 489 473 100.0% 0.60 [0.20, 1.75] o
Total events 5 8 . . . .
iy 2= = = 2= r T T 1
est for overall effect: Z = 0.4 (P = 0.35) Favours [cemented]  Favours [uncemented]
Figure 9. Forest plot for comparison of postoperative myocardial infarction between the uncemented and cemented groups.
Cemented  Uncemented Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Du 2014 3 47 3 47 121% 1.00 [0.19, 5.23]
Figved 2009 2 12 3 108 12.9% 0.64 [0.10, 3.88] b
Inngul 2015 1 67 2 74 8.1% 0.55 [0.05, 6.16] v
Moerman 2017 12 110 14 91 58.7% 0.67 [0.29, 1.54] i
Pan 2013 3 38 2 35  82% 1.411[0.22,9.01] -
Total (95% Cl) 374 355 100.0% 0.76 [0.41, 1.41] -
Total events 21 24
it Chiz = = - S12= (9 I f } {
?etf;ogeneﬂyl.l C:fl I.{‘;.Tj!,odsfﬁ 4p(_P0 3{:;.95), *=0% 0.01 01 1 10 100
est for overall effect: 2 =0.88 (P = 0.38) Favours [cemented] ~ Favours [uncemented)]
Figure 10. Forest plot for comparison of postoperative pulmonary infection between the uncemented and cemented groups.
Cemented Uncemented Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Emery 1991 2 27 1 26 382%  2.00[0.17, 23.49] =
Figved 2009 0 112 0 108 Not estimable
Moerman 2017 6 110 1 91 419% 5.19[0.61,43.94] &
Parker 2010 2 200 0 200 20.0% 5.05[0.24, 105.86] = v
Total (95% Cl) 449 425 100.0% 3.95[0.97,16.02] i
Total events 10 2
it Chi2 = - - S12= 09 I 1 } !
Heterogeneity: Chi? = 0.38, df = 2 (P = 0.83); = 0% 0.01 01 1 10 100

Test for overall effect: Z=1.92 (P = 0.05) Favours [cemented]

Favours [uncemented]

Figure 11. Forest plot for comparison of pulmonary embolism between the uncemented and cemented groups.
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Cemented Uncemented Qdds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Du 2014 1 47 2 47  8.3% 0.49[0.04, 5.59] -
Inngul 2015 9 67 7 74  24.3% 1.49[0.52, 4.24] T
Khorami 2016 1 22 1 29 35%  1.33[0.08, 22.57] i
Moerman 2017 22 110 14 91 518%  1.38[0.66, 2.87) —Ti—
Taylor 2012 3 80 3 80 12.2% 1.00[0.20, 5.11]
Total (95% Cl) 326 321 100.0%  1.28[0.75, 2.19] -
Total events 36 27
Heterogeneity: Chi? = 0.80, df = 4 (P = 0.94); I = 0% o o 1 P 0

Test for overall effect: Z=0.91 (P =0.37)

Favours [cemented] Favours [uncemented]

Figure 12. Forest plot for comparison of postoperative urinary tract infection between the uncemented and cemented groups.

Cemented  Uncemented QOdds ratio Odds ratio

Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Emery 1991 0 27 1 26 17.3% 0.31[0.01, 7.94] "
Li2017 1 35 1 35 11.2%  1.00[0.06, 16.65]
Ma 2016 5 38 3 35 31.3% 1.62 [0.36, 7.33] =
Moerman 2017 1 110 0 91  62%  2.51[0.10, 62.28] -
Pan 2013 1 30 1 30 11.1%  1.00[0.06, 16.76]
Parker 2010 2 200 2 200 22.8% 1.00 [0.14, 7.17]
Total (95% Cl) 440 417 100.0%  1.17 [0.47, 2.89] .
Total events 10 8
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Figure 13. Forest plot for comparison of postoperative deep vein thrombosis between the uncemented and cemented groups.
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Deangelis 2012 5 66 8 64 13.2% 0.57 [0.18, 1.86] I
Figved 2009 13 108 15 105 23.6% 0.82[0.37,1.82] — .
Inngul 2015 4 67 1 74  16%  4.63[0.50, 42.55]
Langslet 2014 13 112 15 108 23.8% 0.81[0.37, 1.80] - "
Sonne-Holm 1983 1 55 1 57 15.3% 1.05[0.41, 2.66] N
Taylor 2012 20 80 17 80 225% 1.24 [0.59, 2.58] I L
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Figure 14. Forest plot for comparison of mortality within six months after surgery between the uncemented and cemented groups.

Postoperative urinary tract infection. A total of 5 studies (12,
14,16,21,23) reported postoperative urinary tract infection
and 647 cases were included in the analysis. There was no
significant heterogeneity in the results of the studies (P=0.94,
I’=0%). The fixed-effect model was used for analysis and the
results showed that there was no significant difference between
the two groups in the postoperative urinary tract infection
(OR=1.28, 95% C1=0.75-2.19, P=0.37; Fig. 12).

Postoperative deep vein thrombosis. A total of 6 studies (8,
10,13,16-18) reported postoperative deep vein thrombosis

and 857 cases were included in the analysis. There was no
significant heterogeneity in the results of the studies (P=0.96,
1°=0%). The fixed-effect model was used for analysis and the
results showed that there was no significant difference between
the two groups in the postoperative deep vein thrombosis
(OR=1.17,95% C1=0.47-2.89, P=0.74; Fig. 13).

Mortality within six months after surgery. A total of
6 studies (9,11,12,15,19,21) reported mortality within six months
after surgery and 976 cases were included in the analysis. There
was no significant heterogeneity in the results of the studies
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Cemented Uncemented Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Deangelis 2012 12 66 15 64 6.3% 0.73[0.31,1.70]
Emery 1991 8 27 5 26 1.8% 1.77 [0.49, 6.35) N
Figved 2009 32 108 3B 105 13.0% 0.81[0.45, 1.44] - 1
Inngul 2015 7 67 4 74 1.7% 2.04[0.57,7.31] N
Langslet 2014 20 112 A 108  13.1% 0.54 [0.29, 1.02] - |
Moerman 2017 21 110 25 91 11.2% 0.62[0.32, 1.21] L
Parker 2010 50 200 56 200 21.2% 0.86 [0.55, 1.34] -
Sonne-Holm 1983 11 55 11 57  4.4% 1.05[0.41, 2.66)
Talsnes 2013 39 162 52 172 19.3% 0.73[0.45,1.19] - v |
Vidovic 2015 25 80 23 80 8.0% 1.13[0.57, 2.22] -1
Total (95% CI) 987 977 100.0% 0.82 [0.66, 1.01] ‘
Total events 225 258
Heterogeneity: Chi? =7.10, df =9 (P = 0.63); I = 0% :0.1 062 0?5 1 é é 10:

Test for overall effect: Z = 1.91 (P = 0.06)
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Figure 15. Forest plot for comparison of mortality within one year after surgery between the uncemented and cemented groups.

A 07SE(MD) I B 07SE(log[OR]) A
» o ° < 7N
/ \
0.5
° lo /o0 P \
4 ! 7 %le
-]
I o 1 7 J o A
6 1 / 1 LN
/ \
° ! 1.5 '°
8 I / I \
1 / | ° N
10 MD 5 / \OR
-10 -5 0 5 10 0.01 0.1 1 10 100
C opsemD) | D oysE(ogioR) A
-]
10 ° ! 71y
| 0.2 ‘o \
20 0.4 ° N
o °d ° e ’ I o \
30 le 0.6 / 1 \
(-1-]
° 1 ° / 1 A Y
40 ° 1 038 / I \
I / \
50 MD ; 7 I \ OR
-100 -50 0 50 100 01 02 0.5 1 2 5 10

Figure 16. Funnel plots for publication bias assessment. (A) Time of operation, (B) incision infection, (C) intraoperative blood loss and (D) mortality within

one year after surgery.

(P=0.63, I’=0%). The fixed-effect model was used for analysis
and the results showed that there was no significant difference
between the two groups in the mortality within six months
after surgery (OR=0.97, 95% CI=0.67-1.41, P=0.89; Fig. 14).

Mortality within one year after surgery. A total of 10 studies
(9-12,15-17,19,20,22) reported mortality within one year after
surgery and 1964 cases were included in the analysis. There

was no significant heterogeneity in the results of the studies

(P=0.63, 1’=0%). The fixed-effect model was used for analysis

and the results showed that there was no significant difference

between the two groups in the mortality within one year after

surgery (OR=0.82, 95% CI=0.66-1.01, P=0.06; Fig. 15).

Discussion

Publication bias and quality assessment. We conducted publi-
cation bias analysis on outcome indicators of 10 studies by
funnel plots and the results showed that there was publication
bias in the result of time of operation and the other 3 funnel
plots had good symmetry, indicating no obvious publication
bias (Fig. 16). The quality assessment of all included studies
is shown in Table II. All the results are greater than 4 points,
indicating that the quality of the included studies is good.

Hemiarthroplasty is one of the most important methods to
resolve unstable femoral neck fractures in elderly patients.
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Table II. Modified Jadad scale.
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Studies Concealment Total
First author, year (Ref.) Blinding Randomization allocation Withdrawal scores
Deangelis, 2012 (9) 2 2 1 1 6
Du, 2014 (23) 2 2 1 1 6
Emery, 1991 (10) 2 2 1 1 6
Figved, 2009 (11) 2 2 2 1 7
Inngul, 2015 (12) 2 1 1 1 5
Khorami, 2016 (14) 1 2 1 1 5
Langslet, 2014 (15) 2 2 2 1 7
Li, 2017 (13) 1 1 1 1 4
Ma, 2016 (8) 1 2 2 1 6
Moerman, 2017 (16) 2 1 1 1 5
Pan, 2013 (18) 2 2 1 1 6
Parker, 2010 (17) 1 1 1 1 4
Sonne-Holm, 1983 (19) 1 2 2 1 6
Talsnes, 2013 (20) 1 2 1 1 5
Taylor, 2012 (21) 2 2 1 1 6
Vidovié, 2015 (22) 2 1 1 1 5

The modified Jadad scale (7) was used to evaluate the quality of the included studies. Blinding: A completely consistent placebo or similar
approach was used (2 scores), blinding not specifically described (1 score), improper blinding (0 score). Randomization: A computer-generated
random method or similar method (2 scores), a random trial but no method of random allocation (1 score), a non-random method (0 score).
Concealment allocation: Unpredictable allocation method for clinicians and subjects (2 scores), random number table or other random alloca-
tion scheme (1 score), improper allocation (0 score). Withdrawal: The number and reasons of withdrawal and loss of follow-up are described
(1 score), the number and reasons of withdrawal and loss of follow-up are not described (0 score). Studies with scores =4 are considered
high-quality, and those with scores <4 are considered low-quality. Extremely low-quality studies were excluded to ensure the reliability of the

meta-analysis results.

Some scholars believe that the incidence of complications
of cemented hemiarthroplasty is low, but it may result in
cardiovascular and cerebrovascular complications (24). Some
scholars believe that the uncemented prosthesis has certain
advantages in operation time and intraoperative blood loss,
but the pain appears earlier (25). Due to the differences
among countries, regions, patients and races, as well as the
differences in surgical techniques, there is no unified conclu-
sion on these issues in clinical practice. At present, there is no
unified consensus and guidelines on how to select prostheses
for hemiarthroplasty. Therefore, the present meta-analysis
adopted currently available data to provide a theoretical basis
for the clinical treatment of femoral neck fractures.

The meta-analysis results showed that the choice of bone
cement as prosthesis could reduce intraoperative and postop-
erative fracture around the prosthesis. The main reasons were
that the cemented hemiarthroplasty stability depends on the
contact scope of prosthesis and medullary cavity and close
degree. Surgeons continuously tap cemented hemiarthroplasty
in order to maintain the stability of the prosthesis, which could
lead to femur fractures. If the prosthesis is not stable, the
possibility of loosening of the prosthesis may increase during
postoperative functional exercise and the loose prosthesis is
unable to disperse the surrounding stress well, which may lead
to fracture around the prosthesis in the process of loading on
the ground. As cemented hemiarthroplasty is effectively filled
with bone cement, surgeons can easily ensure the area where

the prosthesis fits into the medullary cavity during the process
of striking the prosthesis, thus reducing the possibility of frac-
ture around the prosthesis. In addition, the effects of the two
surgical methods on periprosthetic fractures are very different.
This may be affected by some confounding factors, such as the
different drugs that patients may take. Therefore, we need to
take this result with caution.

Although there was no obvious difference in the result
of joint dislocation between the cemented and uncemented
groups, surgeons tend to only have one chance to handle
cement. If the prosthesis position is poor, it is difficult to adjust
the position again. However, the uncemented hemiarthroplasty
is easy to pull out, thus surgeons can adjust the anteversion
angle and thus avoid joint dislocation after surgery due to the
unsuitable angle. There are many reasons for dislocation after
hip arthroplasty, such as age, combined limb or mental disease,
approach, diameter of the artificial femoral head, surgical
history, placement of prosthesis and improper handling; all of
which are risk factors for dislocation after hip arthroplasty.
However, whether the selection of prosthesis is a risk factor
requires further analysis of large sample data.

Hemiarthroplasty with bone cement shank as prosthesis was
found to increase the operation time but did not increase the
intraoperative blood loss and infection rate. Azegami et al (26)
point out in their meta-analysis that the cemented group had
more intraoperative blood loss than the uncemented group, but
this study showed no significant difference between the two
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groups in intraoperative blood loss. Studies included in this
study were of high quality and the number of included cases was
large, thus it was more convincing. Although the bone cement
groups have an increased chance of bleeding, bone cement is
able to immediately close the medullary cavity, thus reducing
intraoperative blood loss. The uncemented group avoids the
time required to prepare and place the cement, but the closure
of the medullary cavity is not immediate. The above reasons
explain why the two groups have no significant difference
in the intraoperative blood loss. Infection is one of the most
serious complications for surgeons and an increase in opera-
tion time may increase the risk of surgical infection. However,
bone cement contains antibiotics that can be released slowly,
which may play an important role in the prevention of infection
and thus reduce the risk of infection. The operation time of the
uncemented group was short, which was significant in reducing
the risk of infection, but there is no coating on uncemented
hemiarthroplasty to prevent infection, which may be the reason
why there was no significant difference in the postoperative
infection rate between the two groups. The skill level of the
surgeon and the patient's race and disease status may lead to
the heterogeneity of the results. Although this analysis could
not completely eliminate the heterogeneity, it still has clinical
reference value because of the large number of included cases.
Hemiarthroplasty with bone cement shank as prosthesis
could reduce the length of hospital stay, which is of great
significance for patients and their family burden. Previous
meta-analyses did not analyze the length of hospital stay of
patients. In this study, the length of hospital stay was analyzed
and it was found that hemiarthroplasty with bone cement shank
as prosthesis could significantly reduce the length of hospital
stay and thus reduce the burden on the family. Considering
the reasons, cemented hemiarthroplasty could provide patients
with good functional recovery in the short term. Cemented
hemiarthroplasty could fill the gap between the bone marrow
cavity and artificial prosthesis by bone cement. According to
proper pressure, bone cement can be embedded into the gap of
bone trabecula so that the interlacing between bone trabecula
and bone cement could be formed, thus making the fixation
of cemented hemiarthroplasty more firm. Therefore, most
patients undergoing cemented hemiarthroplasty have a short
time in bed after surgery and patients can get out of bed in
a short period of time and recover quickly after surgery. The
uncemented hemiarthroplasty has a porous structure on its
surface. After implantation into the human body, it mainly
relies on the growth of bone tissue to form a tight biological
fixation between the bone and the prosthesis surface. The bone
growth period of the biological prosthesis is relatively long and
the stability of the early postoperative period is poor, thus the
postoperative time in bed of the patient is relatively long.
Although the incidence of pulmonary embolism in the
uncemented group was significantly lower than that in the
cemented group, the incidence of postoperative pulmonary
infection, urinary tract infection and lower limb deep vein
thrombosis were not reduced. The incidence of pulmonary
embolism is consistent with the study of Borghi er al (27).
Among the 1,640 patients, the incidence of pulmonary
embolism after total hip replacement with cemented hemi-
arthroplasty was 2.4%, while the incidence of pulmonary
embolism after total hip replacement with uncemented
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prosthesis was 0.34%. In the process of prosthesis implanta-
tion, when bone cement is filled into the intramedullary cavity,
intramedullary pressure increases rapidly, leading to fat, bone
marrow and air entering the circulatory system and forming
an embolism. Bone cement itself also acts on the calcium
channel of vascular smooth muscle and then relaxes blood
vessels, resulting in lower blood pressure. At the same time,
the polymerization of bone cement generates heat and local
high temperature could rapidly damage the vascular endothe-
lium, further causing thrombosis (14).

There was no significant difference in mortality between
the two groups for 6 months and 1 year after surgery, which
corroborated the results of Azegami et al (26). Due to the
general advanced age of the patients, preoperative basic
diseases, such as cardiovascular and cerebrovascular diseases,
hypertension, diabetes, and lung diseases may result in death.
The use of bone cement may be a factor in mortality, but large
sample RCTs are required for analysis.

At present, more and more types of prostheses are applied
in the clinic, including biological prostheses, cemented
hemiarthroplasty and various new materials. 3D printing tech-
nology is also being used in hemiarthroplasty (5,6). Different
prostheses have their own advantages and disadvantages.
Therefore, we need to design appropriate surgical methods for
different patients.

To sum up, in hemiarthroplasty, the cemented group had a
long operation time and high incidence of pulmonary embo-
lism, but had an obviously reduced incidence of intraoperative
and postoperative fracture around the prosthesis and reduced
length of hospital stay. There was no significant difference in
incidence of death, lower extremity deep vein thrombosis, joint
dislocation, intraoperative blood loss, postoperative lung infec-
tion, urinary tract infection and incision infection between the
two groups. However, the included studies did not analyze the
effect of gender. Given the gender difference in senile osteopo-
rosis, gender may also be one of the factors affecting the two
surgical approaches. Therefore, gender should be analyzed
as an independent factor in subsequent clinical studies. The
studies included in this meta-analysis had high quality, but due
to the limitation of sample size, a larger sample size and higher
quality RCTs should be used for further demonstration.

In conclusion, compared with the uncemented group, the
cemented group had an extended operation time and a high
incidence of pulmonary embolism, but had an advantage in
reducing the prosthesis fracture around the intraoperative
and postoperative and short length of hospital stay and had
no increased rate of mortality, lower extremity deep vein
thrombosis, joint dislocation rate, intraoperative blood loss
and postoperative incidence of lung, urinary tract and incision.
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