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Total hip arthroplasty (THA) is a crucial intervention for managing degenerative hip diseases, with the anterior approach offering poten-
tial advantages of reduced postoperative pain and earlier postoperative recovery. Despite significant advantages, the system has several
limitations, such as limited surgical exposure and the risk of soft tissue damage, which ultimately affect clinical outcomes. Various
technology-assisted strategies have been introduced to address these challenges in anterior THA, aiming to enhance intraoperative sta-
bility, surgical precision, and early rehabilitation, among which the Dynamic Adjustable Modular Integrated System (DAMIiS) traction
bed is a commonly used traction-assisted approach. Recent studies have reported that traction-assisted techniques may be associated
with improvements in selected perioperative outcomes, such as complication rates, implant positioning, and early postoperative recov-
ery, although these findings are primarily derived from retrospective studies with heterogeneous designs. Nonetheless, most available
studies are limited by single-center, retrospective designs, small sample sizes, and short follow-up durations, and few provide direct
comparisons with conventional techniques. This review provides a narrative overview of technology-assisted direct anterior total hip
arthroplasty, outlining the clinical applications, benefits, and limitations of various assistive strategies and discussing future directions
for their clinical integration. Further high-quality multicenter trials and long-term evaluations are required to validate the clinical utility
of technology-assisted approaches and to guide their appropriate adoption in anterior THA.

Keywords: anterior total hip arthroplasty; Dynamic Adjustable Modular Integrated System; traction bed; surgical precision; complica-
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nique is often associated with less postoperative pain, ear-
lier mobilization, and a shorter overall recovery time [7].
As a result, many patients resume normal activities faster
and experience better early functional outcomes. However,
despite several advantages associated with the anterior ap-
proach [8], it also poses certain challenges.

Introduction

Total hip arthroplasty (THA) is a well-established and
highly effective option for managing degenerative hip dis-
eases, such as osteoarthritis and avascular necrosis, increas-
ingly prevalent conditions worldwide [1,2]. These condi-
tions are usually associated with severe pain, impaired mo-
bility, and diminished quality of life, making THA a crucial
intervention to restore function and relieve pain [3,4]. With
the ongoing increase in hip degenerative diseases, the de-

One of the key challenges of the anterior approach is lim-
ited surgical exposure, which can hinder clear visualization
of'the hip joint’s anatomy and adjacent structures, including
muscles, tendons, and nerves [9]. Inadequate exposure can
reduce the accuracy of implant positioning, increasing the

mand for reliable and successful hip replacement surgeries
continues to grow.

Among the surgical interventions for THA, the anterior ap-
proach has emerged as a preferred option for both surgeons
and patients [5]. Unlike the conventional posterior or lat-
eral approaches, the anterior method reaches the hip joint
through an intermuscular and interneurons plane, thereby
minimizing injury to surrounding soft tissues, including
muscles and tendons [6]. This minimally invasive tech-
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risk of component malalignment, nerve damage, prosthesis
instability, and subsequent complications such as disloca-
tion or early loosening [10,11]. These risks are further am-
plified by the steep learning curve of the anterior approach,
leading to greater variability in outcomes across different
surgical settings.

To address these limitations, several technology-assisted
strategies have been introduced to improve surgical expo-
sure and intraoperative control during anterior THA. Par-
ticularly, traction-assisted systems aim to facilitate con-
trolled limb positioning and greater operative stability. The
Dynamic Adjustable Modular Integrated System (DAMIiS)
traction bed is one such traction-based platform developed
to support intraoperative stability and adjustable lower-limb
positioning [12]. By improving exposure without exces-
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sive soft tissue retraction, traction-assisted systems, such as
DAMIS, may help optimize implant alignment and reduce
procedure-related trauma [13]. However, current study has
not consistently demonstrated greater operative stability,
early postoperative comfort, or better recovery outcomes
compared with conventional techniques [14].

With the increasing use of anterior THA and the emerging
role of DAMiS-based technology, a comprehensive evalua-
tion of its clinical utility is warranted. Meanwhile, advances
in technological integration, standardized training models,
and patient-specific surgical planning are increasingly af-
fecting how anterior THA continues to develop. Therefore,
this narrative review provides an overview of technology-
assisted direct anterior total hip arthroplasty by summa-
rizing current techniques and ongoing challenges, and by
outlining how assistive strategies, including traction-based
systems such as the DAMIS traction bed, have been applied
to improve surgical precision, reduce complications, and
enhance postoperative recovery.

Methodology

This review used a narrative, non—systematic design. A
comprehensive literature search was conducted in PubMed,
Web of Science, and Embase for studies published be-
tween 1 January 2010, and 31 March 2025. We performed
both single-term and combined keyword searches. Sin-
gle keywords included “direct anterior approach”, “ante-
rior total hip arthroplasty”, “traction table”, and “Dynamic
Adjustable Modular Integrated System”. Key combined
searches included (“direct anterior approach” AND “trac-
tion table”), (“direct anterior approach” AND “Dynamic
Adjustable Modular Integrated System”), (“anterior total
hip arthroplasty” AND “traction table”), and (“anterior total
hip arthroplasty” AND “Dynamic Adjustable Modular In-
tegrated System”). The initial search retrieved 117 records.
To better capture manuscripts focused on surgical exposure,
additional combinations incorporating “exposure system”
were also applied. Titles and abstracts were first screened
for relevance to anterior THA and traction-assisted tech-
niques, followed by full-text evaluation against predefined
inclusion and exclusion criteria. Finally, 56 studies were
included in the narrative synthesis.

Both clinical and radiographic evidence was included, such
as randomized trials, cohort studies, comparative analy-
ses, and relevant systematic reviews. Findings were inter-
preted with focus on the hierarchy of evidence, prioritiz-
ing systematic reviews and meta-analyses for broader con-
clusions, while using individual clinical studies to inform
technique- and device-specific discussion. Non-English ar-
ticles, case reports, biomechanical simulations lacking clin-
ical outcomes, and studies not specifically focused on ante-
rior THA or traction-based systems were excluded. Refer-
ence lists of key articles were also reviewed to identify addi-
tional eligible studies. Because the included studies varied
widely in design, sample size, and reported outcomes, no
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quantitative pooling or meta-analysis was performed. In-
stead, findings were presented descriptively to outline cur-
rent evidence, evaluate heterogeneity, and highlight gaps
that require further investigation.

Current Techniques and Challenges

Although the anterior approach for THA has become in-
creasingly popular, several technical and clinical challenges
continue to limit its widespread adoption and can affect sur-
gical outcomes.

Limited Surgical Exposure and Precision

One of the most critical challenges is achieving adequate
surgical exposure due to the hip joint’s complex anatomy
[15]. The surgeons must navigate around major muscles,
tendons, and neurovascular structures, which elevates tech-
nical difficulty and increases the risk of intraoperative com-
plications [16]. When exposure is inadequate, precise posi-
tioning of prosthetic components becomes more difficult,
despite being crucial to optimal outcomes and long-term
stability of the hip joint [17]. Surgical precision in THA is
essential to prevent malalignment, which can disrupt joint
biomechanics, increase wear, and increase the risk of early
failure [18]. As the anterior approach offers a more re-
stricted surgical field, achieving reliable component posi-
tioning can be particularly challenging for less experienced
surgeons [19].

Soft Tissue Protection and Postoperative Complications

Another critical concern is soft tissue protection. Exces-
sive retraction of muscles and neurovascular structures dur-
ing the anterior approach can cause intraoperative injury,
leading to persistent pain, weakness, or sensory deficits af-
ter surgery [20,21]. Despite being minimally invasive, the
anterior approach still carries risks such as infection, im-
plant dislocation, and prosthesis loosening, each of which
can compromise function and may necessitate revision pro-
cedures [22,23]. Furthermore, greater intraoperative tis-
sue damage can delay recovery, prolong rehabilitation, and
slow the return to routine activities [24].

Learning Curve and Variability in Outcomes

Compared with the posterior or lateral approaches, the an-
terior approach requires a distinct set of skills and a com-
prehensive understanding of specific anatomical landmarks
[25]. Surgeons must carefully balance adequate exposure
with the preservation of soft tissue, a balance that can be
difficult to achieve without significant experience. Conse-
quently, the associated learning curve may lead to greater
variability in outcomes, particularly in centers where the an-
terior approach is not routinely performed [26].

Need for Innovative Solutions

Despite these challenges, advancements in surgical tech-
niques and the introduction of new technologies, including
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Fig. 1. Key functional domains of the Dynamic Adjustable Modular Integrated System (DAMIiS) traction bed in anterior total
hip arthroplasty (THA). The figure outlines five functional domains in which the DAMIiS traction bed supports direct anterior THA:

improvement of surgical exposure, enhancement of procedural precision, preservation of soft-tissue protection, alleviation of procedure-

related complications, and support for surgical training and broader clinical adoption. The figure was created using Microsoft PowerPoint

(version 365, Microsoft Corporation, Redmond, WA, USA).

the DAMIiS traction bed, may help mitigate key limitations
of anterior THA. DAMIS is designed to provide controlled
lower-limb positioning during the procedure; however, cur-
rent evidence remains inconsistent regarding improvements
in surgical visualization and the accuracy of implant posi-
tioning [ 14]. By improving exposure and reducing reliance
on aggressive soft-tissue retraction, DAMiS may offer a
practical means to address some technical challenges inher-
ent to the anterior approach.

Application of DAMIS Traction Bed
Technology in Anterior THA

The DAMIiS traction bed has been introduced as an adjunct
design to address some limitations of the anterior approach
to THA (Fig. 1). Fig. 2 shows the clinically relevant areas
of DAMIS-assisted anterior total hip arthroplasty, outlining
the key functional pathways through which the use of the
DAMIIS traction system may affect clinical outcomes and
patient satisfaction.

Enhanced Surgical Exposure and Precision

The DAMIS system, through its modular and adjustable
traction mechanism, may assist surgeons in achieving more
controlled hip joint positioning and in addressing chal-
lenges related to limited exposure in the anterior approach
[27,28]. In traditional methods, visualization can be lim-
ited by the complex anatomy and surrounding structures.
By enabling more controlled limb positioning, DAMiS may
support more consistent implant alignment in certain clin-
ical contexts [29,30]. Some studies link its use with fewer

alignment-related complications, although the magnitude
and consistency of this effect vary across studies and clini-
cal settings [31,32]. The additional intraoperative stability
provided by DAMIiS may also help surgeons work within
anatomical constraints, although outcomes appear affected
by surgeon experience and institutional factors [33,34].

Minimizing Soft Tissue Trauma and Enhancing Recovery

One of the key features of the DAMIS system is its potential
to reduce soft tissue injury. The anterior approach traverses
a narrow intermuscular plane, where forceful or excessive
retraction can damage muscles and adjacent neural struc-
tures [35,36]. By enabling more controlled positioning of
the limb and hip joint, DAMiS may reduce unnecessary tis-
sue tension, which could in turn alleviate postoperative dis-
comfort and the likelihood of soft-tissue—related symptoms
[37]. Hence, minimizing soft-tissue trauma may support
earlier mobilization and more rapid rehabilitation, poten-
tially reducing the risk of postoperative complications such
as deep vein thrombosis (DVT) [38,39].

Contribution to Complication Prevention

Complications such as dislocation, infection, and implant
loosening remain crucial concerns in THA. DAMIiS may
support more stable component positioning, although re-
ported effects on positioning accuracy remain inconsistent
across studies [40,41]. Continuous, controlled traction may
also help streamline intraoperative steps and potentially
contribute to shortening operative time, which could reduce
the duration of tissue exposure to contaminants, but evi-
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Fig. 2. Clinically relevant domains of DAMiS-assisted anterior total hip arthroplasty. The figure was created using Microsoft
PowerPoint (version 365, Microsoft Corporation, Redmond, WA, USA).

dence linking DAMIS use to lower infection risk remains
inconsistent. By preserving the integrity of soft tissues,
DAMIS may help maintain local biological barriers that
protect against infection, which could theoretically enhance
perioperative safety [12].

Facilitating the Surgical Learning Curve

The anterior approach to THA relies on accurate recog-
nition of approach-specific anatomical landmarks, and
traction-table systems such as DAMiS may provide a more
standardized operative setup that could be beneficial dur-
ing early adoption of the technique [42]. By offering sta-
ble limb positioning and potentially enhancing visualiza-
tion, such systems may reduce certain sources of technical
variability in selected settings. A more standardized intra-
operative environment may help support surgeons as they
adapt to the procedural workflow of the anterior approach;
however, current evidence regarding any direct effect on the
surgical curve remains limited and inconsistent. While im-
proved intraoperative control may reduce the technical dif-
ficulty perceived in some cases, its impact on performance
consistency and downstream clinical outcomes has not been
clearly established.

Mechanisms of Complication Prevention and
Accelerated Recovery in Anterior THA

The DAMIS traction bed technology has been proposed as a
structured adjunct to support complication prevention and
postoperative recovery processes in anterior THA. These
mechanisms are primarily linked to improved soft tissue
protection, more controlled implant positioning, surgical
efficiency, and facilitation of early mobilization, factors
that collectively influence both short- and long-term clin-
ical outcomes.
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Minimizing Muscle and Soft Tissue Injury

Soft tissue injury remains a key concern in anterior THA,
despite the approach is often considered minimally inva-
sive. Although it typically avoids major muscle detach-
ment, retraction in a narrow surgical field can still cause
trauma to muscles, tendons, and adjacent nerves due to re-
traction and manipulation [43,44]. By providing stable,
controlled traction, DAMIiS may reduce reliance on aggres-
sive retraction and thereby limit iatrogenic soft tissue dam-
age. Less tissue trauma is generally associated with re-
duced postoperative discomfort and inflammation, which
may support a smoother early recovery [45]. Preserv-
ing periarticular tissues may also reduce the likelihood of
hematoma formation and nerve-related complications, po-
tentially benefiting postoperative recovery.

Precise Implant Positioning and Joint Stability

Accurate implant positioning is essential to the long-term
success of THA, as suboptimal alignment can increase the
risk of dislocation, accelerate wear, and contribute to im-
plant failure [46]. By stabilizing the operative field and
enabling controlled limb manipulation, DAMiS may facili-
tate key surgical steps and support more consistent implant
alignment in certain settings [27]. Improved alignment may
enhance joint stability and reduce abnormal biomechanical
stress, factors commonly associated with revision risk, par-
ticularly in anterior THA where limited exposure can com-
promise visualization.

Surgical Efficiency and Reduction of Infection Risk

The intraoperative stability provided by DAMiS can im-
prove procedural efficiency by enabling more controlled
maneuvers and potentially alleviating operative time. Re-
duced operative duration may decrease tissue exposure to
potential contaminants and thereby contribute to a lower
risk of postoperative infection [28]. Additionally, shorter
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procedures may also reduce the physical and cognitive bur-
den on the surgical team, which may support overall per-
formance and procedural consistency [47]. These potential
advantages may be particularly relevant for elderly patients
or those with compromised immune systems, who are more
vulnerable to complications and delayed recovery [48].

Early Mobilization and Functional Recovery

Early mobilization is critical to minimizing complications
such as DVT and for promoting functional recovery. By
limiting intraoperative tissue trauma, DAMiS may be asso-
ciated with less postoperative pain and inflammation, po-
tentially enabling patients to begin physical therapy earlier
[49]. Early weight-bearing and rehabilitation can help re-
store muscle strength and functional mobility, enabling a
faster return to independence and reducing the need for pro-
longed hospitalization [50].

Long-Term Outcomes and Economic Impact

The durability of THA outcomes depends on surgical ac-
curacy and effective prevention of complications. DAMiS
may contribute to favorable outcomes by supporting con-
trolled limb manipulation and potentially improving com-
ponent alignment, although these advantages have not been
demonstrated consistently. Such an effect reduces factors
associated with revision risk, but long-term advantages re-
main to be validated in prospective studies.

While DAMIS has a higher initial cost, its potential long-
term economic benefits have not been consistently quanti-
fied [51]. In general, reduced complications, shorter hos-
pital stays, and fewer revision rates could lower overall
healthcare costs. Additionally, improved functional out-
comes and patient satisfaction may reduce the long-term
burden on healthcare systems and workers, supporting more
sustainable healthcare delivery [52].

Overall, DAMIS traction bed technology provides a struc-
tured method intended to enhance exposure and limb con-
trol during anterior THA, but its effects on complication
rates and recovery are inconsistent across study [12]. By
supporting soft tissue preservation, controlled limb posi-
tioning, efficient surgical workflow, and earlier mobiliza-
tion, DAMIS may offer potential benefits in selected pe-
rioperative domains. However, its overall impact on clini-
cal outcomes, patient satisfaction, and cost-effectiveness re-
mains variable and requires further validation through high-
quality comparative studies.

Summary of Existing Research on DAMiS
Traction Bed Technology in Anterior THA

Current studies on DAMiS traction bed technology have
explored its potential associations with surgical precision,
complication rates, postoperative recovery, and economic
considerations in anterior THA.

Implant Alignment and Joint Stability

Accurate implant alignment is crucial to the success of
THA. DAMIS technology stabilizes the surgical field.
However, its reported effects on component positioning and
dislocation risk vary across studies. Recent analyses indi-
cate that traction-table systems used in anterior THA can
influence surgical exposure and limb control; however, ev-
idence regarding consistent improvement in component po-
sitioning or complication rates remains inconsistent [14].
Although clear reductions in dislocation rates or measur-
able gains in alignment accuracy have not been consistently
demonstrated, traction-assisted systems may still contribute
to intraoperative stability. Any potential effects on prosthe-
sis wear patterns or long-term implant survival remain un-
defined and require further validation in robust prospective
investigations.

Complication Prevention and Infection Control

DAMIS may help stabilize and streamline intraoperative
workflow, which has been considered a crucial factor that
could minimize complications. Recent studies indicate that
traction-table systems such as DAMIiS, when used during
anterior THA, may contribute to lower overall complica-
tion rates compared with conventional approaches. Im-
proved intraoperative stability and potentially shorter surgi-
cal times may be associated with reduced soft-tissue trauma
and, in theory, contribute to lower infection risk and im-
proved perioperative safety [53,54].

Surgical Efficiency and Resource Optimization

Recent studies have found shorter operative times with
the use of DAMIS, supporting significant gains in surgi-
cal accuracy, although a consistent reduction in perioper-
ative risk has not been uniformly observed. In a selected
study, traction-table—assisted anterior THA using DAMIiS
has been associated with lower intraoperative blood loss,
earlier functional recovery, and shorter hospital stays [12].
Furthermore, computer-assisted and robotic systems have
been reported to enhance intraoperative stability and preci-
sion, contributing to a shorter learning curve and a more
standardized surgical workflow [55]. Collectively, these
results suggest that well-structured assistive technologies
may improve operative efficiency, reduce surgeon fatigue,
and support earlier postoperative recovery in specific clini-
cal contexts.

Recovery and Functional Outcomes

Using a DAMIS traction-table—assisted anterior approach
may minimize soft-tissue injury and promote earlier post-
operative mobilization. A study has reported that patients
undergoing DAMiS-assisted anterior THA may ambulate
earlier, have shorter hospital stays, and report lower post-
operative pain than those treated with conventional poste-
rior approaches, although these findings can be influenced
by study design and patient selection [56]. Earlier mobi-

453  Ann. Ital. Chir, 97, 3, 2026



Jianshui Mao, et al.

lization, potentially driven by reduced postoperative pain,
may also decrease the risk of complications such as DVT
and help accelerate rehabilitation [57].

Long-Term Outcomes and Economic Value

Current evidence indicates that DAMiS-assisted anterior
approaches may provide long-term benefits by reducing tis-
sue trauma and supporting faster recovery. These potential
advantages may influence long-term outcomes, but such
effects have not been consistent across studies. From an
economic perspective, THA is generally regarded as cost-
effective, whereas cost-effectiveness evidence specific to
DAMiS-assisted approaches remains limited [58]. Because
procedures linked to fewer complications and faster recov-
ery tend to be more cost-effective, DAMiS-assisted tech-
niques may have the potential to offer long-term clinical and
cost-related value, although current evidence is still limited.
To provide a structured overview of current evidence on
technology-assisted direct anterior THA, Table 1 (Ref.
[12,59-63]) summarizes representative quantitative find-
ings from studies evaluating different categories of assistive
approaches aimed at enhancing surgical exposure, work-
flow, or procedural accuracy. Given the substantial het-
erogeneity in outcome measures and follow-up durations
across included studies, the results presented in Table 1
should be interpreted cautiously and are not intended for di-
rect comparison. Although these modalities differ substan-
tially in mechanism and clinical role, the reported outcomes
are organized into shared thematic domains, including im-
plant alignment, complication profiles, surgical efficiency,
early recovery, and long-term function. The listed studies
are presented to illustrate how diverse technology-assisted
approaches have been applied to address similar clinical ob-
jectives in anterior THA, thereby providing contextual in-
sight into the broader landscape of surgical optimization.

Limitations and Challenges

Despite its potential benefits in anterior THA, the DAMIiS
traction bed technology has several limitations and chal-
lenges that may affect its broader adoption and long-term
clinical application.

Cost and Accessibility

The initial cost required for DAMIS is substantially higher
than that of conventional surgical tables, which may limit
availability, particularly in smaller healthcare hospitals and
resource-limited settings. Consequently, equitable access
will be an important concern as adoption expands.

Though DAMIS technology requires a greater initial cost,
its long-term economic value has not yet been estab-
lished and should be validated through high-quality cost-
effectiveness studies with long-term follow-up. In prin-
ciple, a decrease in complications, shorter hospital stays,
and fewer revision surgeries may contribute to consider-
able healthcare cost savings, but these potential benefits
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remain inadequately quantified [58]. Enhanced recovery
trajectories and reduced postoperative complications may
also increase patient satisfaction and reduce readmission
rates, thereby easing economic burden on healthcare sys-
tems [64]. Beyond immediate outcomes, DAMIS sets
a precedent for future innovations in orthopedic surgery
[65]. Its modular, adjustable design reflects the growing
trend toward individualized and adaptive surgical equip-
ment. This approach aligns with the broader goal of person-
alized medicine, ensuring that surgical technologies are tai-
lored to meet the needs of both patients and surgeons [66].

Lack of Large-Scale, Long-Term Evidence

Current studies are limited by small sample size and shorter
follow-up duration, with evidence primarily derived from
single-center or retrospective designs. The lack of multi-
center randomized controlled trials (RCTs) and long-term
follow-up data restricts robust assessment of how traction
systems influence implant survival, complication rates, and
overall cost-effectiveness.

Moreover, existing evidence on traction-table—assisted an-
terior THA remains heterogeneous, and reported advan-
tages are not consistent across clinical settings. Wernly
et al. [42] found no significant differences in implant po-
sitioning, complications, or functional outcomes between
direct anterior approach (DAA) performed with and with-
out a traction table, and reported more accurate leg-length
restoration in the non-traction group. Lenze et al. [28] sim-
ilarly demonstrated that traction-table use shortened oper-
ative time, but did not improve key biomechanical param-
eters such as offset restoration. Nakamura et al. [54] re-
ported that while perioperative efficiency improved after
the initial learning curve, mid-term outcomes and implant
survival at 2—5 years remained unchanged, suggesting that
the learning curve may primarily affect operative efficiency
rather than long-term clinical performance.

Collectively, these observations reveal substantial variabil-
ity across studies and suggest that the benefits of traction
systems, such as DAMiS, may be context-dependent rather
than consistently superior. This variability underscores the
need for rigorous multicenter trials with standardized out-
comes and longer follow-up.

Learning Curve Considerations

While DAMiS may help reduce technical challenges, the
anterior approach itself continues to present a steep learn-
ing curve. Surgeons must develop a comprehensive under-
standing of the relevant anatomy and gain significant proce-
dural experience, and the use of assistive technology alone
does not replace the need for comprehensive training.

Comparison With Other Emerging Technologies

There is limited research directly comparing DAMIS with
other alternative innovations, such as robotic-assisted or
navigation-guided surgery. In the absence of such compar-
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Study technique Direction of benefit (standardized)  Key quantitative outcomes Reference
DAMIS traction table- Better early recovery and fewer Less blood loss (p =0.018); shorter incision (p = 0.001); faster [12]
assisted anterior THA complications first ambulation (p = 0.016); shorter hospital stays (p = 0.001);

lower postoperative VAS (p = 0.001); higher early HHS (p <

0.05); lower complication rate (p = 0.011)
Robotic-assisted DAA Better component positioning and Cups within safe zone: 98% vs 68% (p = 0.0002); improved [59]
THA COR restoration AHCOR (p = 0.03) and AVCOR (p = 0.04); fewer COR out-

liers (10% vs 28%, p = 0.03); similar 1-year HHS
Robotic-assisted DAA More accurate leg-length restora- Mean LLD:4.05 mm vs 6.0 mm (p =0.001); adjusted mean dif- [60]
THA tion ference —1.84 mm (p = 0.003); moderate—severe LLD reduced

(44% vs 55%)
Direct anterior approach Better leg-length control and func- Post-op LLD: 4.03 4 3.93 mm vs 5.39 4 3.83 mm (p = 0.031); [61]
with robotic assistance tional outcome higher 2-year HHS (p = 0.012)
Robotic-assisted DAA Reduced perioperative narcotic re- Lower in-hospital opioids: 42.3 vs 66.4 MME (p < 0.001); [62]
THA quirement reduced 6-week opioid use: 103.7 vs 127.8 MME (p = 0.025);

similar pain scores
Robotic-assisted DAA Lower readmission and reoperation 90-day readmission: 3.74% vs 9.46% (p = 0.04); 1-year re- [63]

THA

risk

operation: 0.93% vs 4.73% (p = 0.04); no significant PROM

differences at 1 year

Note: DAMiS, Dynamic Adjustable Modular Integrated System; THA, total hip arthroplasty; DAA, direct anterior approach; COR, center of

rotation; HHS, Harris Hip Score; LLD, leg length discrepancy; VAS, visual analogue scale; MME, morphine milligram equivalents; PROM,

patient-reported outcome measure; HCOR, horizontal center of rotation; VCOR, vertical center of rotation.

ative studies, it remains unclear whether DAMiS provides
superior outcomes or will instead act as a complementary
tool alongside these technologies in future clinical practice.

Future Perspectives

Looking ahead, the development and application of DAMiS
traction bed technology in anterior THA are likely to evolve
along several key directions.

Technological Integration and Innovation

Future versions of DAMiS may integrate advanced intraop-
erative systems, including 3D imaging, computer naviga-
tion, and robotic platforms, to further improve implant ac-
curacy and reproducibility [67,68]. Additionally, artificial
intelligence and machine learning algorithms could enable
patient-specific adjustment of traction parameters, aligning
DAMIS with the broader shift toward precision and indi-
vidualized surgery.

Standardized Training and Simulation

Standardized training workflows and simulation-based in-
struction may help bring more consistency to surgical
training, although their effectiveness in this context still
warrants further investigation. Simulation-based modules
could enhance surgeons’ familiarity with technology and
practice key steps before surgeries, supporting safer and
more efficient skill development. Despite the high initial
cost, potential long-term savings may be achieved through
fewer complications, shorter hospital stays, and reduced re-

vision rates; however, these potential benefits require fur-
ther validation through robust cost-effectiveness analyses.
In parallel, targeted incentives and supportive funding poli-
cies could promote broader adoption where appropriate,
with the goal of improving healthcare efficiency and patient
outcomes.

Development of Objective and Standardized Outcome
Measures

Traditional perioperative indicators and patient-reported
outcomes are commonly used in anterior THA, but they
may not adequately capture the technology-specific advan-
tages introduced by systems such as DAMiS. Future re-
search should focus on developing and validating objective,
standardized outcome measures tailored to technology-
assisted procedures. These could include quantitative met-
rics of surgical precision, parameters of intraoperative sta-
bility, assessment of soft-tissue strain, and early functional
recovery indices that better reflect technology-mediated im-
provements. Establishing reproducible and procedure- and
device-specific outcome frameworks will enable more rig-
orous comparison across studies and generate stronger evi-
dence for the clinical value of DAMiS.

Individualized and Precision Medicine

In the future, DAMIiS may support more individualized sur-
gical care by incorporating patient-specific anatomical and
biomechanical data into intraoperative adjustments [69].
This approach would align with current trends in precision
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medicine and may help optimize outcomes across diverse
patient populations.

Policy, Adoption, and Health System Integration

Economic factors will be crucial for the widespread adop-
tion of DAMIS. Incentive programs, healthcare funding
policies, and cost-sharing strategies may be required to help
offset the initial investments. To justify its broader integra-
tion into clinical practice, long-term value must be demon-
strated through evidence of reduced revision rates, shorter
hospital stays, and lower overall healthcare utilization.

In summary, DAMIiS traction bed technology represents a
promising adjunct to anterior THA, with potential to im-
prove surgical precision, reduce complication risks, and
support enhanced recovery. However, challenges such
as high costs, limited large-scale evidence, and the lack
of direct comparisons with other advanced technologies
must be addressed. Its future role will depend on integra-
tion with complementary technologies, structured training
protocols, personalized approaches, and supportive policy
frameworks that enable robust assessment and consistent
adoption.

Conclusions

Studies report that the DAMIS traction bed can improve
surgical exposure, positioning accuracy, and early recov-
ery after anterior THA, although these findings are not con-
sistently observed across all clinical settings. Current ev-
idence also suggests potential gains in surgical efficiency
and long-term cost-effectiveness.

However, most published data remain limited by small sam-
ple sizes, short follow-up duration, and single -center de-
signs. Well-powered, high-quality, multicenter randomized
controlled trials with long-term follow-up are still needed to
confirm these findings and elucidate effects on implant sur-
vival, complication rates, and patient-centered outcomes.
Additional limitations include the system’s high cost and
limited accessibility, along with the lack of direct compar-
isons with other advanced technologies, such as robotic or
navigation-assisted surgery.

Future efforts should focus on integrating DAMIS with dig-
ital imaging, navigation, and robotic platforms, establish-
ing standardized training programs, and exploring its role in
personalized arthroplasty planning. With more substantial
evidence and supportive health policy measures, traction-
assisted systems, such as DAMiS, may become useful ad-
juncts for anterior THA in selected clinical settings. Their
definitive impact on surgical safety, outcome consistency,
and healthcare sustainability will depend on future well-
structured, high-quality comparative studies.
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