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Abstract

Background: Hip surgeons performing total hip arthroplasty (THA) through the direct anterior approach (DAA)
commonly use a traction table to facilitate exposure. Even though performing THA through DAA without a traction
table could be technically more demanding, this technique offers the advantage of intraoperative leg length
comparison. Therefore, this study aimed to compare clinical outcomes, complication rates, component positioning,
and leg length discrepancy (LLD) after THA through the DAA performed with or without a traction table.

Methods: A single-surgeon continuous series of 75 patients who underwent DAA THA performed with a traction
table was matched for gender, age, and BMI with 75 patients who underwent DAA THA performed without a
traction table (male, 62; female, 88, with an average age of 68 years old). Clinical and radiological outcomes, intra-
and postoperative complications, and LLD were retrospectively assessed.

Results: No statistically significant difference was detected in surgical time, hospital stay, Harris Hip Score (HHS),
complication rates, and implant positioning between the two groups. Leg length restoration was significantly more
accurate in the group performed without a traction table (24 + 2 mm vs. 3.7 + 3.1 mm; p value < 0.05). No LLD >
10 mm was reported in the group performed without a traction table, whereas two cases (2.7%) were reported in
those performed with a traction table.

Conclusion: Performing THA through DAA without a traction table was associated with a significantly more
accurate leg length restoration without a significant increase in the rates of intra- and postoperative complications.
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Background

Over the past years, several surgical approaches for THA
have been described with the trend going towards minim-
ally invasive surgery [1, 2]. Current practice analysis based
on reviews from national joint registries demonstrates that
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most surgeons prefer the posterior or the direct lateral ap-
proach to the hip [3]. However, the direct anterior ap-
proach (DAA) is gaining popularity owing to its soft
tissue-preserving nature, the low risk of dislocation, and
the accurate placement of the components [4—8]. A recent
meta-analysis shows that compared with the posterior ap-
proach, DAA presents superior early recovery following
THA [9-11]. Although being first described by Hueter in
1882 [12, 13], the Judet brothers were the first to use a

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-020-02184-6&domain=pdf
http://orcid.org/0000-0001-5249-0388
https://orcid.org/0000-0002-2627-7345
https://orcid.org/0000-0001-8014-9478
https://orcid.org/0000-0003-1719-2734
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:diane.wernly@chuv.ch

Wernly et al. Journal of Orthopaedic Surgery and Research

specially designed traction table to perform a THA
through DAA in 1985 [14]. In the 2000s, the interest for
the DAA in THA was renewed with Matta developing his
own traction table [15, 16]. Currently, the DAA is the
most common approach in Switzerland for THA (35%)
with the majority of them being performed with the use of
a traction table [7].

The traction table offers the advantages of reducing
the number of required assistants or even performing
the surgery without an assistant, but most importantly
might facilitate the femoral exposure that could be chal-
lenging in the DAA particularly during the learning
curve [2, 17, 18]. However, traction tables can also have
some disadvantages such as exerting tremendous forces
with several reports of trochanteric, femoral, and ankle
fractures, as well as neurapraxia [10, 15, 19, 20]. Further-
more, traction tables are expensive, require additional
logistics to be stored, might increase the surgical time,
and require a trained assistant to be handled.

Postoperative leg length discrepancy (LLD) is a major
concern after THA. LLD is regularly associated with pa-
tient dissatisfaction and is the major reason for litigation
after elective THA worldwide when > 10 mm [21]. Per-
forming THA through the DAA without a table allows
the surgeon to examine deliberately the leg length intra-
operatively and adapt his steps accordingly. However,
there are so far no data in the literature confirming this
hypothesis.

Therefore, this match-controlled, retrospective, and
single-surgeon study aimed to evaluate and compare the
clinical and radiological outcomes, intra- and postopera-
tive complications, and LLD after THA was performed
through the DAA with and without the use of a traction
table.

Material and methods

Patient characteristics

Between January 2015 and December 2018, a total of
1360 THAs were performed in our department. A

Table 1 Patients demographics
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continuous series of 75 DAA THA (group 1) was per-
formed with the use of a traction table (Schaerer MIS-
Extension, Scharer Medical, Minsingen, Switzerland) by
a single surgeon (C.T). These cases were matched for
age, BMI, and ASA score (Table 1) with 75 patients
(group 2) operated without a table by the same surgeon
(C.T).

The inclusion criteria were adult patients undergoing
primary THA for symptomatic unilateral hip osteoarth-
ritis through DAA by a single surgeon (C.T) at our insti-
tution. Baseline demographics including preoperative
Harris Hip Score (HHS), comorbidities likely to influ-
ence on postoperative complication rates, and the pa-
tient’s physical status according to the American Society
of Anesthesiologists (ASA) were recorded. A total of 150
THA through DAA (male, 62; female, 88) with an aver-
age age of 68 years (range 29-93) were identified. The
average follow-up period was 33 months (range 15-48).
This study was performed in line with the principles of
the Declaration of Helsinki and approved by our institu-
tional review board (ID 2018-02131).

Preoperative imaging and templating

All the patients underwent routine preoperative standing
anteroposterior pelvic radiograph and anteroposterior
and lateral radiographs of the operated hip. In both
groups, preoperative templating was performed using
the Traumacad software (Traumacad, PetachTikva,
Israel) with regard to the femoral osteotomy level, im-
plant size, and positioning, and leg length correction was
obtained. The goal of preoperative templating was to re-
store the native center of rotation of the hip and a simi-
lar femoral offset to the sound contralateral side. Any
pre-existing leg length discrepancy was corrected as well
during templating.

Surgical technique and perioperative care
All THAs were performed in the supine position. Intra-
operative fluoroscopy imaging was used during the

Without table (N = 75)

With table (N = 75) Significance (p value)

BMI (kg/m?) 25 (4)
Age (years) 66 (15.2)
Postoperative Harris Hip Score at 1 year 94 (7.2)
Follow-up (months) 31 (86)
ASA Score 2 (0.5)
1(n) 7 (9.3%)
2 (n) 48 (64%)
3 (n) 20 (26.7%)
4 (n) 0 (0%)

26 (4.7) 063
70 (134) 0.09
95 (1.5) 0.09
43 (762) 0.86
2.1 (0.6) 0.22
5 (6.7%)

62 (80%)

9 (12%)

1(1.3%)

Values were given as mean and standard deviation

ASA American Society of Anesthesiologists, BVl body mass index recorded in any group
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insertion of the acetabular component to assess its posi-
tioning. A single fellowship-trained hip surgeon (C.T)
with adequate experience in minimally invasive anterior
approach (>100 THAs using DAA) performed all the
procedures. The implants used in the current cohort
were as follows: (1) for the patients under 70 years, a
ceramic-on-ceramic (April®, SPS® or Harmony®, Symbios,
Yverdon, Switzerland), and (2) for the patients over 70
years, a dual mobility cup construct (Symbol® dual mo-
bility construct, Dedienne Santé, Mauguio, France).
Most of the implants used were cementless. The use of
cemented Harmony® stems was only necessary in 25
cases as the standard regime in our department is the
use of uncemented stems independent of the age of the
patient. Bone quality in these 25 patients was considered
very poor intraoperatively. Patients which required
custom-made implants were not included in the study.
The surgical time was measured from skin incision to
wound dressing. When performing THA through the
DAA without a table, leg length was examined intraop-
eratively with the surgeon palpating and comparing both
malleoli (Fig. 1). The total operation time was measured
from the end of the anesthetic procedure to the transfer
to its bed. The blood loss was calculated at the end of
the surgery by measuring the fluid accumulation in the
suction device after subtracting irrigation and the visual
estimation of the blood absorbed by surgical gauze.

Fig. 1 Performing THA through DAA on a normal table
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All the patients were mobilized out of bed on surgery
day with full weight-bearing. A standardized physical
therapy protocol was followed. Patients were discharged
once they were able to safely perform daily activities,
walk on stairs, and once the pain was adequately con-
trolled with oral medications. The hospital stay duration
was considered from the day of surgery to hospital
discharge.

Clinical and radiologic evaluation

Patients were followed up clinically and radiographically
at 6 weeks, 3 months, 1 year, and then every year. Med-
ical records including outpatient clinic notes, operative
reports, hospital records for readmission, and Harris Hip
Score were reviewed. The clinical examination was per-
formed in a standardized manner by an orthopedic sur-
geon not involved in the care or management of the
included patients. In the present study, complications
considered were excessive intraoperative blood loss re-
quiring transfusion, femoral fracture, dislocation, wound
dehiscence and periprosthetic infection.

The postoperative X-rays were evaluated by a junior
and a senior orthopedic resident (D.W and G.L) not in-
volved in the patient management and blinded to the pa-
tient’s clinical details. The residents performed the
measurements individually and concurred with the re-
sults. Measurements were performed twice, and the re-
sults were evaluated using a single-measure intraclass
correlation coefficient (ICC) with a 2-way random effects
model for absolute agreement.

A standardized protocol has been applied for obtaining
pre- and postoperative radiographs. The lower limbs
were held together in a neutral position with the anterior
superior iliac spine parallel to each other and to the X-
ray table. On the anteroposterior view of the pelvis, the
inferior margin of the acetabular teardrop, the most
prominent point of the lesser trochanter, and the center
of rotation of the femoral head were chosen as reference
points. Distances between them were measured to the
nearest millimeter. This method does not take into ac-
count other discrepancies of length in the lower limb
but does give an accurate assessment of the situation be-
fore and after surgery [22]. A positive leg length discrep-
ancy value was documented when the operated limb was
longer than the contralateral side, and a negative one
when it was shorter. Acetabular cup inclination was de-
fined as the angle between the plane of the cup’s bigger
diameter and a line bisecting both the acetabular tear-
drops. Cup anteversion was defined as the angle between
the transverse axial plane and the plane of the cup’s big-
ger diameter in the lateral view [23]. The horizontal and
vertical center of rotation (CoR) was defined as the pre-
operative distance of the CoR to the distance of the
postoperative CoR on the horizontal and vertical axes,
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respectively [24]. A negative value indicated that the
postoperative CoR was reconstructed more medial and
more superior, respectively.

Statistical analysis

The achieved power of the study according to the post
hoc power analysis with a total sample size of 150 hips,
medium effect size, and alpha = 0.05 was 94%. Descrip-
tive statistics are presented as mean + standard deviation
(SD). All parameters were tested for normality to com-
pare normal variables; parametric unpaired ¢ tests were
used. Otherwise, the Wilcoxon signed-rank tests were
used. For the radiological measurements of the cup in-
clination and anteversion, and leg length, intra- and
inter-observer variabilities of the measurements were
evaluated by two independent and blinded observers
using single-measure intraclass correlation coefficients
(ICC) with a 2-way random effects model for absolute
agreement. Intra- and inter-observer ICC were respect-
ively 0.93 and 0.91 for cup anteversion, 0.95 and 0.92 for
cup inclination, and 0.96 and 0.94 for leg length. The
level of statistical significance was set at p < 0.05.

Results

Functional outcomes, complication rate, and revision
Intraoperative blood loss was significantly less without a
table 520 mL (+ 272) than with a traction table (746 mL
+ 538), p < 0.05. There was no significant difference de-
tected in terms of operative time (p = 0.13) between
both groups. Length of hospital stay was significantly
shorter for patients operated without a table (p < 0.05)
(Table 2). The mean Harris Hip Score (HHS) increased
from 58 and 61 preoperatively to 94 (+ 7.2) and 95 (+
1.5) at the 1-year follow-up in the traction table group
and non-table group, respectively. No significant differ-
ence was detected (p = 0.09). Regarding complications
and revisions, the total reoperation rates in patients op-
erated with the traction table were 4% (three hips) but
none without a table (p = 0.08). The total complication
rates in patients operated with the traction table were
6.7%, compared to 2.6% in the other group (p = 0.23).
Neither was statistically significant. There was neither
hip dislocation nor femoral fracture in either group.
Causes for complication were non-specific, as reopera-
tions were hematoma needing revision [1], wound

Table 2 Perioperative parameters
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healing disorder [1], and infection [1] in the group with
a traction table.

Radiographic findings

LLD was significantly more accurate in the group without
a table (2.4mm (+ 2)) than with a table (3.67 mm (*
3.1)), p < 0.05. Eight patients (10%) operated without a
table lied outside the > 5-mm limit, compared to 15 pa-
tients (20%) operated with a traction table. While two
patients operated with a traction table were more than
10 mm longer (2.66%), no patient in the other group was
within that range (Table 3).

No significant difference was detected in the mean ac-
etabular inclination which was similar in both groups
(43.4° + 4.2 in table group, 42° + 4.8 without a table, p =
0.11). No significant difference between both groups was
observed neither in the acetabular anteversion (32° + 7
with a table, 29.56° + 6 without a table, p = 0.41) nor in
the modifications of CoR: vertical (- 2.48 mm * 5 in the
table group, — 1.8 mm + 4.4 without a table, p = 0.38) or
horizontal (- 2.3 mm + 4.5 in the table group, - 1.5 mm
+ 3.9 without a table, p = 0.38).

Discussion

THA through the direct DAA is a well-established pro-
cedure, with low dislocation risk and excellent functional
outcomes [25, 26]. Although DAA can be performed
with or without the use of a traction table depending on
the surgeon’s preference, the majority of the surgeons in
Switzerland prefer to use a traction table [27]. To our
knowledge, the present study is the only single-surgeon
matched-control cohort to evaluate and compare the
clinical and radiological outcomes, complications rate,
and leg length restoration after THA through DAA with
and without the use of a traction table.

No significant difference was detected in terms of ace-
tabular inclination, acetabular anteversion, and center of
rotation. The acetabular inclination was identical in both
groups, with 95.3% falling in the “safe zone” as described
by Lewinnek et al. [28]. Moreover, acetabular antever-
sion showed no significant difference between both
groups. Regarding the vertical and horizontal CoR, no
significant difference was observed between both groups.
In the group without a traction table, a slightly more ac-
curate reconstruction of leg length was achieved with a

Without table (n = 75)

With table (n = 75) Significance (p value)

Intraoperative blood loss (mL) 520 (272)
Surgical time (min) 133 (30)
Total operation time (min) 198 (38)
Hospital stay (days) 53

746 (538) p <005
142 (37) 0.13
199 (38) 081
64 p <005

Values were given as mean and standard deviation
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Without table (n = 75)

With table (n = 75) Significance (p value)

Acetabular inclination (°) 41.83 (4.8)
Within the “safe zone” 73 (97.3%)
Acetabular anteversion (°) 29.56 (6)
Within the “safe zone” 14 (18.6%)
Vertical center of rotation (mm) -1.80 (44)
Horizontal center of rotation (mm) -15(3.9)
Leg length discrepancy (mm) 24 (2)
- Outliers > 5 mm 8 (10%)
- Outliers > 10 mm 0 (0%)

4368 (4.3) 0.1

70 (93.3%)

32(7) 041

14 (18.6%)

-248 (5) 038
-23mm (4.5) 0.36
367 (3.1) p <005
15 (20%)

2 (2.66%)

Values were given as mean and standard deviation

“Safe zone” for acetabular inclination and anteversion was set at 30-50° and 5-25°, respectively, as described by Lewinnek et al. [25]. A positive leg length
discrepancy value was used when the operated leg was longer than the contralateral side

mean of 2.14 mm (range 0-8.6 mm), compared to the
group with a traction table, with a mean of 3.67 mm
(range 0-14.2 mm).

The most important finding of this present study is
that performing THA through DAA in a standard table
might be helpful for better reproducibility in restoring leg
length (p < 0.05). Only two patients operated with the
traction table presented a LLD > 10mm (2.6%). There
was none in the standard table group (Fig. 2). Some
studies with a traction table previously reported a mean
LLD between 1 and 7 mm [15, 29-31], with 11% show-
ing an LLD > 10 mm while Batailler et al. [32] perform-
ing THA through DAA without a traction table showed
a mean LLD of 2 mm, which is comparable to our re-
sults. Any observed radiographic differences are likely
subclinical as no difference in clinical outcome was
observed.

Perfect restoration of leg length is undoubtedly desired
after THA as LLD has been associated with back pain
and sciatica, neuritis, gait disorder, and general dissatis-
faction [33-35]. However, LLD is not uncommon after
THA. In the literature, LLD varies [36] with a mean
from 3 to 17mm [37, 38]. Between 6% [39] and 32%
[40] of patients noted their LLD. As Desai et al. reviewed
[21], Love and Wright [39] reported up to 18% of pa-
tients had lengthening of more than 1.5 cm, of whom 6%
required shoe correction. Although the boundaries be-
tween acceptable and unacceptable levels of LLD remain
undefined [41], it is universally perceived pathological
when shortening exceeds 10 mm and lengthening 6 mm
[40].

However, some authors [40] conclude that even a
small disparity in leg length may be a source of dissatis-
faction for patients. Furthermore, some authors

LLD dispersion
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Fig. 2 LLD dispersion: number of outliers in the 5- and 10-mm ranges in both groups
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conclude that patients can detect a relatively minor in-
crease in leg length and are unsatisfied with the use of
compensatory inshoes [42]. By setting the cutoff for LLD
at 5 mm which could be considered quite a strict value,
compared to the universally accepted values, 15 patients
(20%) were lengthened more than 5 mm in the cohort of
patients operated with a table. All were longer. In the
group operated without a traction table, only 10 (13.3%)
patients presented an LLD greater than 5 mm (Fig. 3).
Undoubtedly, it is debatable if these differences have any
impact on the clinical outcome particularly if we con-
sider that there was no significant difference in the HHS
after 1 year. However, it is questionable if the HHS is a
sufficient tool in detecting the impact of minor discrep-
ancies in leg length. While THA through DAA is a de-
manding technique, with a steep learning curve, less
outliers without a traction table might indicate a better
reproducibility and thus help surgeons to reduce their
outliers when performing THA through DAA.
Furthermore, our results showed significantly less
blood loss when performing THA through DAA in a
standard table (p < 0.05), but no significant difference in
surgical time and functional outcome (Table 2). In our
opinion, it is not evident why blood loss was higher in
the table cohort. It could be explained by the slightly ele-
vated duration of surgery in this group (+9 min), even
though not significant (p = 0.13). Another hypothesis
could be that in the table group, repetitive maneuvers
might have been necessary to expose the femur, result-
ing in a slightly higher blood loss. The average length of
stay in the hospital was significantly shorter for patients
operated without a table (p < 0.05). Although THA
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through DAA has already been shown to be related to a
lower hospital stay compared to THA through a poster-
ior approach [4], there is still no evidence in the litera-
ture that THA through DAA without a table might be
more cost-effective when compared to THA through
DAA with a traction table. Other studies might be con-
ducted to compare the efficiency and cost-effectiveness
of each technique.

There was no significant difference between both groups
regarding complication and reoperation rates. No disloca-
tion occurred in either group, which confirms the low
rates reported in the literature (0.96—-1.5%) [43—45]. Per-
foration of the femoral canal and trochanteric fractures
has been associated with the DAA [19, 44]. Moreover, the
femoral shaft and ankle fracture have been contributed
directly to the use of a traction table [15]. None of these
specific complications was found in our study. We had a
6.7% total complication rate in the group operated with a
traction table, compared to a 2.6% total complication rate
in the other standard table group.

This study should be interpreted in light of its poten-
tial limitations. The main limitation of this study is the
retrospective design. However, due to the good docu-
mentation in our department, most of the patients’ data
required for the current study were available. Moreover,
radiological analyses were performed using plain radio-
graphs instead of CT scan or EOS imaging, which might
have increased the precision in assessing the radiological
outcomes. Additionally, the changes in leg length were
minor and had no impact on the clinical outcome. How-
ever, the single-surgeon cohort adds to the strength of
our study.

With traction table—

Without table-

LLD

-20

Fig. 3 Scatter diagram of LLD (mm) in both groups

0 10 20




Wernly et al. Journal of Orthopaedic Surgery and Research

Conclusion

In conclusion, this study is to our knowledge the first
single-surgeon matched-control study available in the
literature comparing THAs through DAA with and with-
out a traction table. The results of our study suggest that
performing THA through the DAA without a traction
table might lead to more reliable results concerning LLD
(LLD is more accurate in the group without a table, p <
0.05) and reduce significantly the outliers (> 10 mm dif-
ference), when compared to performing THA through
the DAA with a traction table. There was no difference
in peri- and postoperative complications or component
positioning. The growing interest for less invasive
arthroplasty and the anterior approach makes this result
interesting. However, further larger studies may be
needed to confirm these results.
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