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Abstract

Objective: To investigate the effect of drainage on heterotopic ossification (HO) after total hip

arthroplasty (THA) and to evaluate other postoperative complications and joint dysfunction

between patients with and without drainage.

Methods: In this retrospective cohort study, the medical records of patients who underwent

THA from 2017 to 2019 were reviewed. The patients were divided into a drainage group and

non-drainage group. Standard preoperative anteroposterior and lateral radiographs were

assessed by senior radiologists for HO analysis. Clinical indicators included the hemoglobin

concentration, superficial infection, blood transfusion, hematoma formation, hip range of

motion (ROM), erythrocyte sedimentation rate, C-reactive protein concentration, dressing

changes, visual analogue scale score, and Harris Hip Score (HHS).

Results: The incidence of HO was significantly higher in the drainage than non-drainage group

(32.0% vs. 16.3%). The presence of severe HO (Brooker grade III or IV) was also different

between the groups. Patients in the non-drainage group had smaller ROM early after surgery,

but the final ROM and HHS did not differ significantly between the groups.

Conclusions: The rate and degree of HO after THA were significantly different between

patients with and without drainage. There is no added advantage of closed suction drainage

over no drainage in primary THA.
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Introduction

Heterotopic ossification (HO) is the most
frequent complication following primary
total hip arthroplasty (THA), occurring at
a mean incidence of 24% to 32%.1,2 Scarce
evidence exists regarding the influence
of drainage on the occurrence of HO.
Generally, HO is asymptomatic. In severe
cases, however, local pain and limitation of
joint excursion may occur.3 A postulated
etiology is that osteoinductive growth fac-
tors are released as a consequence of soft
tissue trauma, thus inducing the formation
of HO; however, the exact mechanism
remains unclear.4

As a routine step in THA, drainage is
frequently used before closure of the joint
capsule. This has historically been believed
to be able to prevent hematoma formation,
significantly decrease tension over the inci-
sion, reduce the delay in wound healing,
and reduce the risk of infection.5

However, recent studies have indicated
that drainage can cause other problems
and that it does not reduce hematoma for-
mation or the incidence of wound-related
complications.6 Furthermore, some studies
have shown that drainage increases blood
loss and the risk of retrograde infection
after THA.7

The primary purpose of the present
study was to investigate the influence of
drainage on HO. We comprehensively col-
lected radiological data, clinical data, and
laboratory test results of patients undergo-
ing THA. The differences between patients
with and without drainage were assessed to
provide help in the decision-making of
treatment strategies.

Patients and Methods

Inclusion and exclusion criteria

The inclusion criterion for this study was
treatment by primary unilateral THA for
osteoarthritis or osteonecrosis of the femo-

ral head. The exclusion criteria were previ-
ous surgery or post-traumatic disorders in
the same limb, hip arthrodesis, blood coag-
ulation disorders, intraoperative fractures,

and loss to follow-up with the inability to
be contacted. Based on the inclusion and
exclusion criteria, 198 patients who under-
went primary unilateral THA at our hospi-
tal from 2017 to 2019 were retrospectively

screened and included in this retrospective
cohort study.

Demographic and general information

The patients’ demographic and general
information was obtained from their medi-
cal records, including age, sex, body mass
index, hospitalization time, side of surgery,
duration of the operation, and intraopera-

tive blood loss. The study was approved by
the Institutional Review Board of the Third
Hospital of Hebei Medical University
(approval number: K2020-004-1, date of

approval: 13 January 2020) and was con-
ducted in accordance with the Declaration
of Helsinki and the regulations of
the Health Insurance Portability and
Accountability Act (HIPAA). Because this

was a retrospective study and all patient
information was de-identified before the
analysis, informed consent was only required
for patients whose radiological images

would be published; consequently, these
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patients provided written informed consent.

The reporting of this study conforms to the

STROBE guidelines.8

Clinical evaluations

To evaluate the onset of HO and compare

its incidence between patients with and

without drainage, radiological images

were collected preoperatively and 1 week,

3 months, 6 months, and 12 months post-

operatively and compared using a radiolog-

ical display monitor (Figure 1). HO was

classified according to the Brooker classifi-
cation. Brooker grades I and II were
considered radiologically mild HO, and
Brooker grades III and IV were considered
radiologically severe HO. Clinical data
included the performance of blood transfu-
sion, the incidence of superficial infection,
and the frequency of dressing changes
during hospitalization. The hemoglobin
(Hb) and C-reactive protein (CRP) concen-
trations were collected preoperatively and 1
and 5 days postoperatively. The erythrocyte
sedimentation rate (ESR) was collected pre-
operatively and 1 day postoperatively. Prior
to removal of the drains in the drainage
group and 24 hours after surgery in the
non-drainage group, the patients’ pain
symptoms were assessed using a visual ana-
logue scale (VAS). The wound hematoma
thickness was assessed by ultrasonography
on postoperative day 3. Range of motion
(ROM) of the hip was assessed preoperative-
ly and at discharge. Functional results were
evaluated using the Harris Hip Score (HHS)
preoperatively and 1 year postoperatively.

Operative technique

All patients underwent the operations by
the same operation team. All procedures
were performed under general or spinal
anesthesia using a biologic total ceramic
total hip prosthesis (Tri-Lock COC;
DePuy Synthes, Raynham, MA, USA),
and the patients were placed in a lateral
position using a standard posterolateral
approach and minimally invasive techni-
ques. In the drainage group, a silicone
tube was inserted and the drain was
removed 24 hours postoperatively. In the
non-drainage group, direct closure was per-
formed. Tranexamic acid (1 g) was intrave-
nously administered immediately prior to
the incision, and a second dose was
applied topically immediately prior to
closure. All wounds were covered with
sterile dressings and pressure bandaged.

Figure 1. Images of a 30-year-old man with
osteonecrosis of the femoral head in the left hip.
The patient had undergone total hip arthroplasty
2 years previously. (a) The radiograph showed no
significant abnormalities around the prosthesis at
discharge and (b) The radiograph showed severe
heterotopic ossification around the prosthesis 2
years after surgery.
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Low-molecular-weight heparin was adminis-
tered subcutaneously 12hours after the oper-
ation and was continued until discharge for
thrombosis prophylaxis. All patients were

asked to perform ankle flexion and extension
exercises in bed immediately after surgery. On
the second day after surgery, the patients
were asked to perform progressive ambula-
tion exercises with partial weight bearing

with the assistance of a walker or crutches.
Transfusion therapy was initiated when the
Hb concentration reached <8 g/dL (or
<10g/dL with clinical signs of hypovolemia).

Statistical analysis

Excel 2016 for Windows (Microsoft
Corporation, Seattle, WA, USA) and SPSS
26.0 statistical software for Windows (IBM
Corp., Armonk, NY, USA) were used for
the statistical analysis. Categorical variables
are expressed as frequency. Continuous var-

iables are expressed as mean� standard
deviation. Student’s t test and the chi-
square test were used. A P value of <0.05
was considered statistically significant.

Results

Patients’ characteristics

Among all 198 hips, 100 patients were
included in the drainage group and 98 in

the non-drainage group. The patients’
baseline characteristics are summarized in
Table 1. None of the demographic and
baseline characteristics differed between
the two groups, including age, sex, body
mass index, hospitalization time, side of
surgery, duration of the operation, and
intraoperative blood loss.

Effect of drainage and no drainage on
various clinical parameters after THA

Of the 198 patients included in our analysis,
48 (24.2%) developed HO (Table 2).
Among the 24.2% patients who developed
HO, 11.1% had Brooker grade I HO, 9.6%
had grade II, and 3.5% had grade III. The
incidence of HO was significantly higher in
the drainage than non-drainage group
(32% vs. 16.3%, P¼ 0.010). When consid-
ering Brooker grade III and IV as radiolog-
ically severe, five (15.6%) patients in the
drainage group and two (12.5%) in the
non-drainage group had HO after
12 months. The majority of the 48 patients
with HO had evidence of it on radiographs
by 3 months postoperatively (Table 3).

None of the clinical parameters after
THA differed between the drainage and
non-drainage groups, including the Hb con-
centration on postoperative day 5 (118.4�
16.0 vs. 121.1� 16.7 g/L, respectively),

Table 1. Characteristics of patients in drainage and non-drainage groups.

Drainage group

(n¼ 100)

Non-drainage group

(n¼ 98) P

Age (years) 52.9� 12.5 55.6� 12.3 0.129

Sex 0.782

Male 54 (54.0) 51 (52.0)

Female 46 (46.0) 47 (47.9)

BMI (kg/m2) 25.8� 3.7 25.4� 2.7 0.311

Hospitalization time (days) 11.0� 1.7 11.3� 2.5 0.337

Side of surgery (left:right) 51:49 40:58 0.151

Duration of operation (minutes) 78.0� 16.3 74.2� 16.6 0.108

Intraoperative blood loss (mL) 204.0� 88.2 201.3� 84.6 0.828

Data are presented as mean� standard deviation or n (%).

BMI, body mass index.
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transfusion rate (7.0% vs. 5.1%, respective-

ly), and rate of superficial infection (2.0%

vs. 4.1%, respectively). However, signifi-

cant differences were found between the

two groups in the ESR on postoperative

day 5 (46.8� 18.4 vs. 61.2� 26.7mm/h,

respectively; P< 0.001), the CRP concentra-

tion of postoperative day 5 (36.0� 26.8 vs.

47.6� 25.0mg/L, respectively; P¼ 0.002),

dressing changes (3.1� 1.0 vs. 4.3� 0.6,

Table 2. Comparison of variables between drainage and non-drainage groups.

Drainage group

(n¼ 100)

Non-drainage group

(n¼ 98) P

Drainage volume (mL) 354.2� 132 – <0.001

Hemoglobin (g/L)

Preoperatively 124.4� 16.9 123.1� 14.8 0.591

Postoperative day 1 101.7� 13.9 110.0� 15.0 <0.001

Postoperative day 5 118.4� 16.0 121.1� 16.7 0.244

ESR (mm/h)

Preoperatively 6.6� 4.7 6.8� 3.7 0.830

Postoperative day 5 46.8� 18.4 61.2� 26.7 <0.001

CRP (mg/L)

Preoperatively 2.3� 1.9 2.5� 2.0 0.316

Postoperative day 1 37.3� 21.0 41.9� 22.3 0.139

Postoperative day 5 36.0� 26.8 47.6� 25.0 0.002

Blood transfusion 7 (7.0) 5 (5.1) 0.576

Superficial infection 2 (2.0) 4 (4.1) 0.660

Dressing changes 3.1� 1.0 4.3� 0.6 <0.001

Hematoma volume (mL) 2.5� 1.0 5.7� 1.0 <0.001

VAS score 1.0� 0.9 2.3� 1.0 <0.001

HO grade

I 14 8

II 13 6

III 5 2

IV 0 0

Total 32 (32.0) 16 (16.3) 0.010

Clinically significant HO 5 (5.0) 2 (2.0)

Data are presented as mean� standard deviation or n (%).

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, visual analogue scale; HO, heterotopic ossification.

Table 3. Timing of HO diagnosis after THA by Brooker classification.

Follow-up

Brooker Classification

I II III IV Total

1 week 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

3 months 25 (52.1) 15 (31.3) 3 (6.3) 0 (0.0) 43 (89.6)

6 months 23 (47.9) 17 (35.4) 6 (12.5) 0 (0.0) 30 (95.8)

12 months 22 (45.8) 19 (39.6) 7 (14.6) 0 (0.0) 48 (100.0)

Data are presented as n (%).

HO, heterotopic ossification; THA, total hip arthroplasty.
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respectively; P< 0.001), hematoma volume

(5.7� 1.0 vs. 2.5� 1.0mL, respectively;

P< 0.001), and immediate postoperative

pain level (VAS score) (1.0� 0.9 vs. 2.3�
1.0 points, respectively; P< 0.001). Longer

follow-up revealed no difference in ROM

between the two groups (Table 4). At the

1-year follow-up, no significant difference

was found in the HHS between the two

groups (83.0� 4.5 vs. 83.3� 5.1).

Discussion

This is one of the few studies comparing the

effects of drainage and no drainage on the

development of HO. The overall incidence of

HO in this study was 24.2%, which is a mod-

erate level compared with some similar stud-

ies.9–11 For instance, Toom et al.12 reported

an HO incidence of 32% among 178 patients

who underwent THA. Comeau-Gauthier

et al.13 noted an incidence of 19.9% among

1441 patients who underwent THA. The

incidence of severe HO (grade III or IV)

was 3.5% (7 of 198) in the present study,

which is lower than the previously reported

prevalence of 3.6% to 7.0% for grades III

and IV HO after THA or HA.14,15

The established risk factors for HO are

male sex, hypertrophic arthrosis, obesity,

ankylosing spondylitis, rheumatoid arthritis,

the surgical approach used, post-traumatic
arthritis, Paget’s disease, and idiopathic
skeletal hyperostosis.16–18 Other risk fac-
tors, although not yet studied in depth,
may be related to surgery, such as the use
of drainage. In our study, the incidence of
HO was significantly higher in the drainage
than non-drainage group. Cohn et al.19

reported that the development of a hemato-
ma under the fascia was considered as a
factor affecting HO. Hematoma formation
induces the release of bone-inductive fac-
tors, thereby affecting the formation of
HO.20 Based on this pathogenesis, the use
of drainage after THA is an important mea-
sure. However, some studies have shown
that drainage is a contributing factor to
the development of HO after THA.21 The
use of drainage is an additional source of
trauma to the soft tissues.22 Nauth et al.23

considered that the trauma to the surround-
ing soft tissues creates an environment
favorable to local proliferation of fibro-
blasts and accumulation of extracellular
matrix, which will evolve into HO through
endochondral ossification. Huang et al.24

considered that when tissue is damaged, a
local hypoxic microenvironment forms.
Under hypoxic stimulation, hypoxia-
inducible factor is activated and regulates
the expression of cytokines, promoting the

Table 4. Comparison of ROM and HHS between drainage and non-drainage groups.

Drainage group

(n¼ 100)

Non-drainage group

(n¼ 99) P

Hip ROM

Preoperatively 35.0� 10.4 34.7� 9.7 0.852

1 week after surgery 99.4� 10.3 93.6� 9.2 <0.001

2 weeks after surgery 110.0� 11.4 105.9� 11.1 0.010

1 month after surgery 115.7� 9.7 112.6� 11.7 0.043

2 months after surgery 125.6� 9.3 127.1� 9.8 0.265

3 months after surgery 127.4� 11.3 127.6� 11.3 0.895

HHS (preoperatively) 71.1� 14.7 70.7� 14.5 0.883

HHS (1 year after surgery) 83.0� 4.5 83.3� 5.1 0.657

Data are presented as mean� standard deviation.

ROM, range of motion; HHS, Harris Hip Score.
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differentiation of ectopic bone precursor
cells and mesenchymal cells into cartilage
and osteogenic cells, which ultimately
develop into ectopic bone.25,26 The presence
of drainage also provides another route for
the spread of osteogenic mediators through
soft tissues.22 Furthermore, the presence of
a foreign body such as a drain can favor
local recall of inflammatory factors that
can stimulate the initiation of HO develop-
ment.27 According to the data obtained, we
believe that the presence of drainage could
favor the development of HO after THA.

Another important finding of this study
is the result of the direct comparison of the
postoperative complications and joint dys-
function between the two groups. We
assessed blood loss by comparing the Hb
concentration preoperatively and postoper-
atively and found that the patients in the
drainage group may have had more blood
loss in the first few days after THA; 5 days
postoperatively, however, the difference
was not significant. Seven (7.0%) patients
in the drainage group and five (5.1%) in the
non-drainage group required blood transfu-
sion. However, this difference was not
significant. These findings indicate that
non-drainage may reduce postoperative
blood loss but that it has no benefits
regarding reduction of blood transfusion.
Moreover, we found that no drainage can
increase the number of dressing changes.
This was probably because the hematomas
caused high incision tension and wound dis-
charge, increasing the need for dressing
changes in the non-drainage group.28

Another finding is that the CRP concentra-
tion and ESR were higher on postoperative
days 1 and 5. Moreschini et al.29 reported
that the CRP concentration peaked on day
3 followed by a comparatively rapid return
to the baseline level compared with the
ESR. Katoh et al.30 reported that the
CRP concentration and ESR increased
early in the postoperative period and
remained high even at 14 days

postoperatively compared with the respec-
tive baseline levels of each. The ESR and
CRP concentration were significantly
lower in the drainage than non-drainage
group on postoperative day 5. However,
Smolle et al.31 considered that there is no
correlation between this phenomenon and
post-THA infection. Several studies have
suggested that drainage reduces the inci-
dence of postoperative hematomas and
thus the incidence of infection.32 However,
some other researchers have argued that the
placement of a drainage tube may increase
the infection rate because it provides a
portal of entry for bacteria and their retro-
grade colonization.33 Six patients in our
study developed superficial infection, but
no periprosthetic infection was found in
our series. Wound drainage has benefits in
terms of pain relief and reduced hematoma
formation, but the VAS score was generally
low (<3 points) in both groups of our
study. Drainage can also cause restriction
of early postoperative exercise, but it has
no effect on the final hip ROM and
HHS.28 There are advantages and disad-
vantages to both types of management,
but non-drainage is more advantageous in
terms of the long-term outcome, particu-
larly in reducing the incidence of HO.
Similar to our findings, Xu et al.34 conclud-
ed that drain use was associated with a
higher transfusion rate and a longer post-
operative length of stay in patients under-
going routine primary THA. Some recent
studies have recommended no closed-
suction drainage after THA because the
routine use of drainage may be of more
harm than benefit.35

This study has several limitations. First,
whether the drain was clamped and the
clamping time were not recorded in detail
in the database; thus, we were unable to
determine the effect of drain clamping on
the incidence of HO. Second, the drain
removal criteria were not recorded, which
may have affected the blood loss volume.

Wei et al. 7



Third, the details of drainage use (other than

yes or no) were not recorded in the database,

and the starting time for drainage differed

for each hospital, which may have affected

the blood loss volume and transfusion rate.

Despite these limitations, to the best of our

best knowledge, our study is one of the few

studies to compare the effects of drainage

versus no drainage on HO. Our study pro-

vided conclusive results regarding the use of

drainage in THA and its effect on HO, post-

operative complications, and joint dysfunc-

tion. The results of this study could become

an important component of orthopedic sur-

geons’ decision-making regarding drainage

in routine primary THA.

Conclusion

The current study showed that drainage was

associated with a significantly higher inci-

dence of HO in patients undergoing primary

unilateral THA. We are of the opinion that

the traditional practice of draining the wound

has no effect on the postoperative control of

infection and blood loss. Although no drain

usage is associated with more dressing

changes postoperatively, higher VAS scores,

and a greater hematoma volume, the benefits

of drain usage are still very limited. In addi-

tion, the presence or absence of drainage

showed no significant effect on the long-

term function of the hip joint.

Availability of the data and materials

All the data generated or analyzed during this

study are included in this published article.

Authors’ contributions

All authors have read and approved the

manuscript.

Declaration of conflicting interests

All the authors declare that they have no con-

flicts of interest with any organization that spon-

sored the research.

Funding

The authors disclosed receipt of the following

financial support for the research, authorship,

and/or publication of this article: This study was

supported by the Nature Science Foundation of

Hebei, China (No. H2019206609).

ORCID iDs

Congcong Wei https://orcid.org/0000-0003-

4574-6167
Huijie Li https://orcid.org/0000-0002-6726-

9923

References

1. Zhu Y, Zhang F, Chen W, et al. Incidence

and risk factors for heterotopic ossification

after total hip arthroplasty: a meta-analysis.

Arch Orthop Trauma Surg 2015; 135:

1307–1314.
2. Zhang J, Song GY and Feng H.

Development of heterotopic ossification

after multiple-ligament reconstruction of

the knee joint: incidence and explanatory

factor analysis. Knee 2020; 27: 642–648.
3. Kocic M, Lazovic M, Mitkovic M, et al.

Clinical significance of the heterotopic ossi-

fication after total hip arthroplasty.

Orthopedics 2010; 33: 16.
4. Nilsson OS and Persson PE. Heterotopic

bone formation after joint replacement.

Curr Opin Rheumatol 1999; 11: 127–131.
5. Shi M, Zhang J, Zhang Y, et al. Effect of a

12-hour natural drainage technique on

decreasing blood loss after total knee arthro-

plasty: a case-control study. Ther Clin Risk

Manag 2018; 14: 1169–1174.
6. Xiao Y, Hu J, Zhang M, et al. To use

indwelling drainage or not in dual-plane

breast augmentation mammoplasty patients:

a comparative study. Medicine (Baltimore)

2020; 99: e21305.
7. Yang JH, Yoon JR, Dahuja A, et al.

Subcutaneous versus intraarticular closed

suction indwelling drainage after total knee

arthroplasty. Indian J Orthop 2016; 50:

59–64.
8. Erik von Elm M, Altman DG, Egger M,

et al. The Strengthening the Reporting of

Observational Studies in Epidemiology

8 Journal of International Medical Research

https://orcid.org/0000-0003-4574-6167
https://orcid.org/0000-0003-4574-6167
https://orcid.org/0000-0003-4574-6167
https://orcid.org/0000-0002-6726-9923
https://orcid.org/0000-0002-6726-9923
https://orcid.org/0000-0002-6726-9923


(STROBE) statement: guidelines for report-

ing observational studies. Ann Intern Med

2007; 147: 573–577.
9. Ostoji�c M, Kordi�c D, Moro G, et al.

Anterolateral minimally invasive hip

approach offered faster rehabilitation with

lower complication rates compared to

the minimally invasive posterior hip

approach—a university clinic case control

study of 120 cases. Arch Orthop Trauma

Surg 2021; 142: 1–8.
10. Saad BN, Menken LG, Elkattaway S, et al.

Tranexamic acid lowers transfusion require-

ments and hospital length of stay following

revision total hip or knee arthroplasty.

Patient Saf Surg 2021; 15: 1–8.
11. Foley KL, Hebela N, Keenan MA, et al.

Histopathology of periarticular non-

hereditary heterotopic ossification. Bone

2018; 109: 65–70.
12. Toom A, Haviko T and Rips LJ.

Heterotopic ossification after total hip

arthroplasty. Int Orthop 2001; 24: 323–326.
13. Comeau-Gauthier M, Zura RD, Bzovsky S,

et al. Heterotopic ossification following

arthroplasty for femoral neck fracture.

J Bone Joint Surg Am 2021; 103: 1328–1334.
14. Alijanipour P, Patel RP, Naik TU, et al.

Heterotopic ossification in primary total

hip arthroplasty using the direct anterior vs

direct lateral approach. J Arthroplasty 2017;

32: 1323–1327.
15. Pavlou G, Salhab M, Murugesan L, et al.

Risk factors for heterotopic ossification in

primary total hip arthroplasty. Hip Int

2012; 22: 50–55.
16. Meyers C, Lisiecki J, Miller S, et al.

Heterotopic ossification: a comprehensive

review. JBMR Plus 2019; 3: e10172.
17. Ohlmeier M, Krenn V, Thiesen D, et al.

Heterotopic ossification in orthopaedic and

trauma surgery: a histopathological ossifica-

tion score. Sci Rep 2019; 9: 18401.
18. Hürlimann M, Schiapparelli FF, Rotigliano

N, et al. Influence of surgical approach on

heterotopic ossification after total hip

arthroplasty–is minimal invasive better? A

case control study. BMC Musculoskelet

Disord 2017; 18: 1–9.
19. Cohn RM, Schwarzkopf R and Jaffe F.

Heterotopic ossification after total hip

arthroplasty. Am J Orthop 2011; 40:

E232–E235.
20. Pignolo R and Shore EM. Circulating oste-

ogenic precursor cells. Crit Rev Eukaryot

Gene Expr 2010; 20: 171–180.
21. Baschera D, Rad H, Collopy D, et al.

Incidence and clinical relevance of hetero-

topic ossification after internal fixation of

acetabular fractures: retrospective cohort

and case control study. J Orthop Surg Res

2015; 10: 1–7.
22. Di Benedetto P, Zangari A, Magnanelli S,

et al. Heterotopic ossification in primary

total hip arthroplasty: which is the role of

drainage? Acta Biomed 2019; 90: 92–97.
23. Nauth A, Giles E, Potter BK, et al.

Heterotopic ossification in orthopaedic

trauma. J Orthop Trauma 2012; 26: 684–688.
24. Huang Y, Wang X and Lin H. The hypoxic

microenvironment: a driving force for het-

erotopic ossification progression. Cell

Commun Signal 2020; 18: 1–10.
25. Agarwal S, Loder S, Brownley C, et al.

Inhibition of Hif1a prevents both trauma-

induced and genetic heterotopic ossification.

Proc Natl Acad Sci U S A 2016; 113:

E338–E347.
26. Wang H, Lindborg C, Lounev V, et al.

Cellular hypoxia promotes heterotopic

ossification by amplifying BMP signaling.

J Bone Miner Res 2016; 31: 1652–1665.
27. ŁeRgosz P, Otworowski M, Sibilska A, et al.

Heterotopic ossification: a challenging com-

plication of total hip arthroplasty: risk fac-

tors, diagnosis, prophylaxis, and treatment.

Biomed Res Int 2019; 2019: 3860142.
28. Zeng WN, Zhou K, Zhou ZK, et al.

Comparison between drainage and non-

drainage after total hip arthroplasty in

Chinese subjects. Orthop Surg 2014; 6:

28–32.
29. Moreschini O, Greggi G, Giordano M, et al.

Postoperative physiopathological analysis of

inflammatory parameters in patients under-

going hip or knee arthroplasty. Int J Tissue

React 2001; 23: 151–154.
30. Katoh N, Nishino J, Nishimura K, et al.

Normal sequential changes in neutrophil

CD64 expression after total joint arthro-

plasty. J Orthop Sci 2013; 18: 949–954.

Wei et al. 9



31. Smolle MA, H€orlesberger N, Musser E,
et al. Air entrapment resembling necrotising
fasciitis as a frequent incident following total
hip arthroplasty. Sci Rep 2019; 9: 15766.

32. Chandratreya A, Giannikas K and Livesley
P. To drain or not drain: literature versus
practice. J R Coll Surg Edinb 1998; 43:
404–406.

33. Parker MJ, Roberts CP and Hay D. Closed
suction drainage for hip and knee

arthroplasty: a meta-analysis. J Bone Joint

Surg Am 2004; 86: 1146–1152.
34. Xu H, Zhang S, Xie J, et al. A nested case-

control study on the risk factors of deep vein
thrombosis for Chinese after total joint arthro-
plasty. J Orthop Surg Res 2019; 14: 1–7.

35. Zhou XD, Li J, Xiong Y, et al. Do we really
need closed-suction drainage in total hip
arthroplasty? A meta-analysis. Int Orthop

2013; 37: 2109–2118.

10 Journal of International Medical Research


	table-fn1-03000605221129562
	table-fn2-03000605221129562
	table-fn3-03000605221129562
	table-fn4-03000605221129562
	table-fn5-03000605221129562
	table-fn6-03000605221129562
	table-fn7-03000605221129562
	table-fn8-03000605221129562



