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Message from the President
10.5005/ijoa-1-1-iv

Dear esteemed members of the Indian Arthroplasty Association,
It is with immense pride and joy that I announce the launch of the very first issue of our Association’s 

Journal. This milestone has been a long-standing need for our community, and I am thrilled to see it finally 
become a reality.

The journey to this moment has not been without its challenges. Many members have contributed 
over the years, laying the groundwork for this achievement. Our core committee’s recent efforts have been 
instrumental in overcoming initial hurdles and bringing this vision to life.

As we celebrate this accomplishment, we recognize that our work is far from over. Our commitment to 
publishing four issues annually demands unwavering dedication and perseverance. Our ultimate goal is to 
achieve indexation within the next two years, solidifying our Journal’s reputation as a premier platform for 
arthroplasty research and knowledge sharing.

To achieve this ambitious objective, I invite each of you to join forces and contribute to the Journal’s 
success. Your active participation will be instrumental in sustaining this endeavor. I encourage you to share 
your expertise through case reports showcasing unique challenges and solutions, tips and tricks gleaned from your experience, innovative 
techniques and approaches besides your original research and review articles.

Your contributions will not only enrich our Journal but also enhance our collective understanding of arthroplasty. By sharing your 
knowledge, you will advance the field through evidence-based practices, inspire colleagues and shape the next generation of arthroplasty 
specialists. 

Our aim is to foster collaboration and networking within our community and elevate the Indian Arthroplasty Association’s reputation 
globally.

I extend my gratitude to past leaders and members who laid the foundation, our core committee for their relentless efforts and the 
editorial team for their tireless work.

A special note of appreciation of the efforts of our Past President Dr Anoop Jhurani who did the initial spadework and to Dr Mrinal 
Sharma for taking the mantle of editorship and ensuring that this Journal sees the light of day.

As we embark on this exciting journey, I seek the unwavering support of our members to patronize the Journal by contributing 
manuscripts regularly, participate in peer review and most importantly provide feedback and suggestions.

Together, let us create a world-class Journal that reflects our Association’s excellence and dedication to advancing arthroplasty care.
Thank you for your commitment to our shared mission.

Sincerely,
Dr M Ajith Kumar

President, Indian Arthroplasty Association

© The Author(s). 2024 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. 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.
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Message from the Secretary
10.5005/ijoa-1-1-v

It gives me immense pleasure to be a part of this great initiative as a Secretary of the Indian Arthroplasty 
Association to bring out a Journal of its own as there is a need for the subspecialty research in the field 
of orthopedics. In recent decades, many advancements have happened in arthroplasty but the interest 
in research is not growing in accordance and in that context when there is opportunity for everyone to 
publish, that will encourage all to take up research and innovations. The Journal from the Indian Arthroplasty 
Association will help the surgeons to learn the nuances of doing research and also the art of writing a good 
article. This also provides a platform for Indian surgeons to showcase their work globally. Our aim is to 
get this Journal indexed as early as possible, which is the main focus. We are working to ensure a fair and 
prompt process of review of the articles for the authors and give the readers a regular issue without any 
delay. Arthroplasty specialty itself is growing in leaps and bounds but that needs to be fine-tuned with good 
research and for this I feel our Journal is the need of the hour. 

The entire team in the Journal committee has put in a lot of efforts to get the first issue released in our 
upcoming annual conference. I would request all the readers of this inaugural issue to spread the information 
about the Journal from the Indian Arthroplasty Association so that more and more good articles are sent regularly. Once again, I am 
taking this opportunity to congratulate the Indian Arthroplasty Association for venturing in to bring out a Journal of its own. 

Wishing you all the best! 

Dr Rajkumar Natesan
Secretary, Indian Arthroplasty Association



Editorial

Indian Journal of Arthroplasty: The Beginning of a New Era
Arthroplasty practice and outcomes vary from region to region and across continents. The varied demands 
and presentations of patients from around the world influence best practices in arthroplasty. The grotesque 
deformities and the posttraumatic presentations seen in the Indian scenario are far more complex with 
relatively inferior outcomes. The implant choice may be different for different physiques, phenotypes, and 
races. Similarly, the postoperative regimen followed, and the thromboprophylaxis given may vary from 
country and region. Even the kind of periprosthetic joint infection and the bugs isolated may vary among 
regions and races. Almost all of the diagnostic criteria, prophylaxis and management protocols are based 
upon data generated from the studies conducted in the West and the published Western literature. These 
might not be fully applicable to the Indian and Asian populations.

With an aim to encourage research at the ground-root level in the Indian arthroplasty scenario and to 
generate data on Indian subjects, so that diagnostic criteria and management protocols can be established, 
the Indian Journal of Arthroplasty was conceptualized. This Journal was the dream of the many past leaders of the Indian Arthroplasty 
Association, but it was the brainchild of Dr Anoop Jhurani, who took pains in getting the ball rolling. Under the leadership of our present 
President Dr Ajith Kumar, the Journal would see the light of the day. The fact that it is being published under the aegis of the Indian 
Arthroplasty Association, itself carries a lot of weight and we hope to carry the baton forward. I am deeply honored by the confidence 
shown by the core committee and shouldering upon me the responsibility of being the Editor-in-Chief of the Indian Journal of Arthroplasty.

 We aim to publish concise, authoritative, and scholarly articles in our Journal that would impact the current practice of Arthroplasty. 
The Journal aims to publish four issues in a year. The Indian Journal of Arthroplasty would accept articles on joint replacement surgery of 
knee, hip, ankle, shoulder, elbow, and wrist. We encourage invited editorials on topics of interest to a larger readership. Original research 
articles in Arthroplasty should have a deep impact of the current practices in the Indian scenario. All the articles would be submitted 
online and undergo a peer review process before final publication. We would also accept case series that would highlight and discuss 
the surgeon’s experience on that particular issue. The Journal would also accept unique case reports and newer surgical techniques. 
The review articles/meta-analysis would provide insight into the current practices related to a particular topic in Arthroplasty and lay a 
guideline for future practices.

In the long run, we aim to publish data outcomes from the Indian Joint Registry and take out white papers that would dictate the 
Arthroplasty outcomes.

With pride and honor, we present to you the Indian Journal of Arthroplasty which would usher India into a new era of research in 
Arthroplasty.

Regards

Mrinal Sharma
Editor-in-Chief

Indian Journal of Arthroplasty

© The Author(s). 2024 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
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RESEARCH ARTICLE

Comparative Long-term Outcomes of All-polyethylene vs 
Metal-backed Tibial Components in Total Knee Replacement: 
An Indian Perspective
Ravikumar Mukartihal1 , Manideep Reddy R2 , Mithun Manohar3, Harsha J4, Shrishti S Patil5, Sharan S Patil6

Received on: 14 July 2024; Accepted on: 10 August 2024; Published on: 01 October 2024

Ab s t r Ac t 
Introduction: A total knee replacement is a surgical procedure to treat severe arthritis in the knee joint. The cruciate-sacrificing prosthetic design 
is one of the most frequently used in total knee replacement (TKR). There has been debate regarding whether metal-backed tibia (MB) or all-
polyethylene (AP) tibial components are better for implants in terms of lifespan, clinical results, and complication rates. The big role played by 
selecting appropriate knee joint implants for osteoarthritis in developing countries is with economic constraints. Metal and all-polyethylene 
monoblock essentially can serve this purpose in knees without defects in bones that do not require modularity like stem extensions or augments. 
The aim of this study was to compare the long-term clinical and radiological results of metal-backed vs all-polyethylene cruciate-sacrificing total 
knee replacements. Long-term application of all-polyethylene tibial implants against the backdrop of better-designed implants/instrumentation 
coupled with an increasing use of TKR and continuous economic pressures on health care could represent a potential for enormous cost savings 
without jeopardizing patient clinical outcomes. 
Materials and methods: This prospective study involves 200 TKR procedures using Depuy PFC AP implants and MB implants 100 in each group, 
conducted between January 2011 and January 2012, with 12-years follow-up. Patients age > 50 years with a definite diagnosis of osteoarthritis, 
severe knee pain or dysfunction disabling normal work and life, ineffectiveness of conservative treatment, and TKRs that did not necessitate bone 
grafting, modular stems or augments, or more constrained designs were included. Functional outcomes were assessed using the Knee Society 
Score (KSS), Western Ontario and McMaster University Osteoarthritis Index (WOMAC), and range of motion (ROM). Radiological assessments 
were performed to check for signs of loosening and malalignment. Implant survival was measured by revision surgery rates. 
Results: The study cohort included 130 females and 70 males, with an average age of 61.3 years. Both the MB and AP groups showed significant 
improvement in KSS, WOMAC, and ROM over 12-years, with no statistically significant difference between the two groups. The implant survival 
rate was 96% for AP and 94% for MB. Aseptic loosening occurred in 2 AP and 3 MB cases, with polyethylene wear observed in the MB group 
due to micromotion, while the AP group showed only minimal poly wear. 
Conclusion: The long-term outcomes of both AP and MB tibial components in TKR show comparable clinical and radiological success, with both 
designs significantly improving pain relief and functional outcomes in patients with severe knee arthritis. AP implants, in particular, demonstrated 
similar functional improvements and radiological stability, while offering the added benefit of reduced polyethylene wear. Given the lower cost 
of AP components, they represent a cost-effective solution in resource-limited settings without sacrificing patient outcomes.
Keywords: All-polyethylene, Metal-back tibia, Total knee replacement.
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0001

In t r o d u c t I o n
Total knee replacement (TKR) remains a gold standard in the 
management of end-stage arthritis, providing significant pain relief 
and improved function for patients with severely degenerated 
knee joints. Results at long-term follow-up are very good, with 
95–99% survival rates at 15 years.1, 2 This highlights the efficacy and 
sustainability of this procedure.

In TKR, two types of tibial components exist: all-polyethylene 
(AP) and monoblock/modular metal-backed (MB). Each design has 
features that make it applicable and function in different ways. The 
first designs of the initial condylar knee by Freeman, Swanson, and 
Insall were all AP components.1–3 Since the introduction of ultra-
high-molecular-weight polyethylene in 1963, polyethylene has 
been a component of every type of TKR. Early studies demonstrated 
that the failure rates for AP tibia components reached as high as 
27% at an average follow-up of 54.4 months, although this series 
had mediocre 10-year survival rates of only 68%.4–6 This result 
was attributed to several factors: the primitive surgical techniques 
employed; poor implant fixation due to the use of first-generation 

cement; and the original AP tibia components had a flawed design 
of the keel, resulting in poor metaphyseal fixation. The clinical 
outcomes with AP tibia components have been on par with or 
even superior to those achieved with MBT components.7,8 The 
MB tibia is designed with a metal base plate to enhance heat sink 
capacity and load transmission.9,10 The modularity of the design and 

© The Author(s). 2024 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
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intraoperative flexibility provided by such a design can substantiate 
stem extensions when needed. These attributes could be very 
useful in some cases with additional stability and customization. 
The cost, however, increases with MB content, which, in cases of 
uneventful surgery without large bone defects, may not provide 
any additional benefits. There are, therefore, questions regarding 
their cost-effectiveness, more so in resource-poor settings and the 
economic constraints on patients. 

Conversely, the all-poly tibial component is inexpensive and 
has a monoblock of polyethylene, which makes it less complex in 
design. Although the all-poly does not have the modularity and 
adaptability of MB components, they have shown equivalent results 
in many clinical trials. 

However, in practice, due to the unanimous opinion from 
earlier studies, the selection between AP and MB mostly depends 
on economics, particularly in developing countries. With an 
improved nocturnal understanding of TKR mechanics and the 
introduction of mechanical instrumentation, AP tibia component 
design has become biomechanically sound. The surgical technique 
has likewise improved, and modern AP tibia components perform 
and, if not superior to, MBT designs.8–10 In addition to equivalent 
implant survivorship in several patient populations, modern AP 
tibia implants have some unique advantages.

Economic constraints play a vital role in medical decisions in India. 
What could prove to be a deterrent for many patients is the high-
cost MB component, which suddenly brings in sharper focus on the 
probable advantages of more affordable AP components. In view of 
these findings, comparative studies regarding the long-term results of 
the AP and MB tibial components are urgently required in the Indian 
setup. This study will serve as a guideline for clinical practice and will 
guide patients toward the most appropriate and cost-effective care. 
Although a substantial body of literature exists on TKR outcomes 
worldwide, a paucity of literature on the performance of these 
implants within the Indian population persists specifically concerning 
their long-term functional outcomes and economic viability.

The results at long-term follow-up of AP and MB cruciate-
sacrificing TKR regarding clinical, radiological, and functional 
outcomes and complications, along with the survival rate, in 
Indian patients are an attempt to provide evidence-based inputs 
that assist in making clinical decisions and enrich patient care in 
resource-limited settings.

Me t h o d s
In this prospective study, which was conducted between January 
2011 and 2012 and was followed up until December 2023, 100 
TKRs using Depuy PFC PS all-poly (AP) tibial implants and the 
first 100 TKRs using Depuy PFC PS metal-backed (CoCr) implants 
were performed. All patients in the two groups had to satisfy the 
following criteria: age > 50 years with a definite diagnosis of non-
infected arthritis, severe knee pain or dysfunction disabling normal 
work and life, ineffectiveness of conservative treatment, and TKRs 
that did not necessitate bone grafting, modular stems or augments, 
or more constrained designs.

Following the preanesthetic evaluation and surgical fitness, the 
patient had undergone TKR. The patients were not randomized, but 
both components were purposefully used so that a comparative 
review such as this could be performed. The choice between all-
poly and MB implants was based on the financial constraints of 
patients. The standard TKR used at our institution was applied in all 
cases. A midline longitudinal skin incision and medial parapatellar 
approach were used. Mechanical alignment was achieved using 

the Depuy PFC instruments. Bone cement was applied to the cut 
surfaces of the tibia and femur, as well as to the implant itself. 
Patellar denervation with electrocautery and osteophyte removal 
was performed in all cases.

Patients were initially followed up at 1, 3, and 6 months 
and then annually till 12-years for clinical and radiological 
assessments. Functional evaluations were conducted using the 
Knee Society Score (KSS), Western Ontario and McMaster University-
Osteoarthritis Index (WOMAC), and range of motion (ROM). 
Radiological assessments involved standard knee X-rays to check 
for signs of loosening, collapse, and alignment. Revision surgery 
was considered the endpoint of implant survival.

Statistical Analysis
Data entry was done using MS Excel and statistical analysis was 
conducted using the SPSS 10.0 software. For parametric data, the 
unpaired Student’s t-test was utilized, while the Mann–Whitney U 
test was employed for non-parametric data. Fisher’s exact test was 
applied to compare discrete variables between the two groups. 
The Kaplan-Meier survival analysis with the log-rank test was 
used to compare survival rates. A P-value of < 0.05 was considered 
statistically significant.

re s u lts

There were 130 (65%) female and 70 (35%) male patients in the total 
cohort. Thirty-nine males, 61 females in all-poly groups, whereas 
31 males and 69 females in MB group. The average age at the time 
of implantation was 61.3 years, with a median age of 61 years; the 
average ages of patients treated with AP and MB were 61.9 ± 5.1 and 
60.8 ± 4.2 years, respectively (p = 0.087), with the youngest patient 
being 52 years old and the oldest being 80 years. Demographic 
details are given in Table 1.

Out of 100 patients in each cohort, 7 in the AP group and 9 
in the MB group were lost to follow-up due to unreachability or 
death (Table 2).

The follow-up duration was 12-years. The KSS for clinical and 
functional assessments showed significant improvements in both 
groups. For the all-poly implants, the KSS improved from 38.8 ± 
5.2 to 85.3 ± 4.2 at the final follow-up, representing an average 
improvement of 46.5 ± 6.09 (p = 0.22). Similarly, there was no 
statistically significant improvement in KSS scores for the MB (CoCr) 
implants, with scores increasing from 38.03 ± 3.6 to 85.9 ± 3.2, 
resulting in an overall improvement of 47.9 ± 4.9 (p = 0.24).

Table 1: Demographic data of patients

All-poly
(n = 100)

Metal-backed
(n = 100) p-value

Average age at the  
time of surgery

61.9 ± 5.1 60.8 ± 4.2 0.087

Median age 61 61

Sex

Male 39 31

Female 61 69

Operated side

Right 38 28

Left 34 22

Bilateral 28 50
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The WOMAC scores also showed marked improvements. For 
the MB TKR group, WOMAC scores improved from 82.42 ± 5.1 to  
16.35 ± 1.72, with an average improvement of 66.07 ± 5.29 (p = 0.85).  
In the all-poly TKR group, WOMAC scores improved from 82.3 ±  
3.6 to 16.26 ± 1.9, with an average improvement of 66.04 ±  
4.28 (p = 0.72). 

The mean ROM was also significantly improved. In the MB TKA 
group, ROM increased from 97.8 ± 9.8 to 113 ± 5.9 degrees. Similarly, 
in the all-poly TKA group, ROM improved from 98.6 ± 9.8 to 113.9 ±  
5.84 degrees (p = 0.28) (Table 3).

 Intraoperative (Fig. 1) and radiological outcomes (Fig. 2) of all-
poly tibia and MB tibia of patients at 12-years follow-up, without 
osteolysis, loosening, and good alignment without collapse.

Two patients in the all-poly group and three patients in the 
MB group developed superficial surgical site infections, which 
were effectively treated with regular dressings and antibiotics, 
which were resolved. Additionally, two patients in the MB group 
and one patient in the all-poly group developed deep infections 

Table 2: Implant type, follow-up

All-poly
(n = 100)

Metal-backed
(n = 100)

Implant type Depuy all-poly tibia Depuy MB tibia (CoCr)

Follow-up period 2012–2023 2012–2023

Follow-up duration 12-years 12-years

Lost to follow-up 4 5

Death 3 4

Table 3: Results of functional assessment

All-poly
(n = 100)

MB
(n = 100) p-value

KSS Preop 38.8 ± 5.2 38.03 ± 3.6 0.22

KSS at final  
follow-up

85.3 ± 4.2 85.9 ± 3.2 0.24

Change in KSS  46.5 ± 6.09 47.9 ± 4.9

WOMAC Preop 82.3 ± 3.6 82.42 ± 5.1 0.85

WOMAC at final 
follow-up

16.26 ± 1.9 16.35 ± 1.72 0.72

Change in  
WOMAC

66.04 ± 4.28 66.07 ± 5.29

Pre-op ROM  
(Degrees)

98.6 ± 9.8 97.8 ± 9.8 0.56

ROM at final  
follow-up

113.9 ± 5.84 113 ± 5.9 0.28

Figs 1A to D: Intraoperative pictures (A to C) All-polyethylene tibia; (D) Modular metal-backed tibia

Figs 2A and B: 12-year follow-up X-ray of (A) all-poly tibia (AP) TKR and (B) metal-back (MB) tibia TKR
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at an average of 2.5 years after the initial surgery, necessitating 
revision procedures. One patient in the all-poly group sustained 
a periprosthetic fracture due to trauma, which required revision 
TKA using a hinged prosthesis. Furthermore, two patients from the 
all-poly group and three from the MB group underwent revision 
TKA at an average of > 5 years from index surgery due to backside 
polyethylene wear leading to aseptic loosening.

In cases of aseptic loosening, the retrieved components—two 
from the AP group and three from the MB group—were examined 
for wear on the backside and articulation side. Polyethylene 
deformation was seen in the MB group due to undersurface 
micromotion between the insert and the tibial tray. On the other 
hand, there were no alterations to the polyethylene undersurface 
in the AP tibia group and only a slight delamination at the articular 
surface.

The overall survival rate of implants in our study was 96% in AP 
groups (Fig. 3) and 94 % in MB tibia group. Figure 4 shows Kaplan–
Meier survivorship of AP and MB tibia.

dI s c u s s I o n
The rates of total joint replacement are increasing significantly.1–3 
The initial design of TKR utilized an AP tibial component. Due 
to the subpar design of these components and the inferior quality 
of the polyethylene material available at that time, the survival 
rate for this type of prosthesis was reported to be as low as 
68.11% after approximately ten years.4,5 In modern orthopedics, 
MB tibial TKR is generally preferred over AP tibial implantation.  
According to arthroplasty registries, only 0.1% of TKRs use AP 

tibia.6, 11 Given that AP tibia components are significantly cheaper 
than their MB counterparts, regardless of the manufacturer, more 
frequent use of all-poly monoblock could result in substantial cost 
savings for the health care system.

When metal backing was first introduced, it was thought to extend 
the survival of the tibial component longer than AP implants. Apel 
et al.12 and Rand et al.13 conducted studies comparing non-modular 
MB implants vs AP implants during an 8–10-year follow-up period.  
The study’s findings showed no discernible differences between the 

Figs 3A to D: A case of all-poly tibia at 12-year follow-up

Fig. 4: Kaplan–Meier survivor curves of AP and MB tibia group
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two. Modular MB implants have been the subject of several other 
investigations, some of which have found exceptional survivability 
and durability.14–19

The use of AP tibial components decreased in the 1980s because 
of the excellent results of MB tibial components. As a result, MB 
components have come to the forefront of implantation in TKR. The 
advantages of MB tibial components are that the facility is available 
for changing the poly after the trial prosthesis has been inserted, 
during revisions or infections. They provide a good prosthesis-to-
bone contact interface with additional modular augments or stems 
for lost bone. MB components are believed to offer the advantage of 
enhanced load distribution to the proximal tibia, as demonstrated 
by in vitro biomechanical studies.15

Despite these advantages, MB components have some 
disadvantages. These include decreased thickness of polyethylene, 
which may result in increased wear, and it is necessary to resect 
more tibia to accommodate a thicker insert.16 The construct with 
MB components was stiffer and thus increased the stress on 
the tibia at the interface due to eccentric loading in vitro. Wear 
on the backside remains a major concern due to its modularity. 
The investigation conducted by Engh et  al.17 revealed a higher 
occurrence of osteolysis in tibial components with modular metal 
backing. Analysis of revised liners revealed significant damage and 
wear on the non-articular surface of the polyethylene, which is 
regarded as the primary source of polyethylene debris. This debris 
is a leading factor contributing to aseptic loosening in the modular 
MB group.18–20 Which was a similar finding in our study in all revised 
cases. These complications, added to their higher cost, make MB 
components less advisable for cases that do not require modularity.

Modern highly cross-linked polyethylene is more resistant to 
wear, oxidation, and pressed and has more congruent articulation. 
Recent studies have shown that AP components are equal to or 
even superior to MB components. Adalberth et al.21 reviewed 40 
MB and AP components with no evidence of complications due to 
fixation; there were no bony collapse, no increased subsidence, and 
no increased incidence of radiolucent lines when comparing the 
AP group to the MB group. Norgren et al.22 evaluated 21 patients 
in whom AP components showed magnitudes of migration on par 
with or sometimes even lower than their MB counterparts. Shen 
et al.23 reported the midterm outcomes of 34 cemented PS-TKRs 
in each group with a mean follow-up of 5.9 years. No significant 
differences were found between the two groups concerning HSS 
scores, ROM, clinical and radiographic parameters measured, and 
survival rates in the Chinese population. The long-term results of 
all-poly TKA in our study are comparable in terms of KSS, WOMAC 
score, ROM, clinical and radiological features, and survival rate 
with MB components, within observable limits, despite the Asian 
lifestyle involving more bending of the knee and sitting cross-
legged, compared to western literature.22–25 Moreover, Ryan et al.25 
found that implementing an AP tibia can significantly impact both 
surgical costs and overall hospital admission expenses, while still 
maintaining comparable 90-day outcome metrics.

Poor results in the AP group in the past were more likely related 
to technical errors in obtaining proper implant alignment rather 
than the absence of a metal component. This is certainly not true 
with modern instrumentation. All-polyethylene components are 
technically demanding because the stability and activity of the 
knee must be assessed simultaneously during trial reduction. The 
AP components should be hand-pressed as much as possible, 

and hammering should be kept at a minimum to prevent damage 
to the polyethylene. Posterior cement removal from the all-
poly component is to be meticulously performed to prevent 
cementophyte formation; after implantation, a thorough wash is 
to be performed to remove invisible debris from the joint, which 
may be the trigger for aseptic loosening. With these technical 
modifications, the AP tibia results were equal to or better than 
those of the MB tibia components.

The study has a few limitations: The possibility of bias IN patient 
recall, the fact that generalization could not be ascertained since it 
was conducted in a single institution, and the loss to follow-up in 
5% of the AP group and 3% of the MB group may have skewed the 
results. Definitive conclusions about comparative risks are limited 
by the small number of infections and revision events. Economic 
constraints in the study setting may limit its applicability to other 
regions. All of the following may influence outcomes: variations in 
surgical technique, surgeon experience, and specific components 
of lifestyle activities in the Indian population, including squats and 
cross-legged sitting. This result could also have been influenced 
by uncontrolled factors, such as comorbidities and variations in 
postoperative rehabilitation, which were not assessed. This study 
emphasizes how important it is to have precise surgical technique 
and postoperative care, especially when performing culturally 
unique activities like sitting cross-legged and squatting, in order 
to maximize patient outcomes. 

co n c lu s I o n
Long-term results of modular MB and AP tibial components in TKR 
showed that both designs were successful in significantly reducing 
pain and improving function in the Indian population. Modern 
AP implants show clinical, radiological, and functional outcomes 
comparable to, and slightly better than, their MB counterparts in 
terms of functional outcomes, with improved functional scores, 
ROM, and reduced or no backside poly wear leading to aseptic 
loosening, despite early misgivings about AP components due to 
early design flaws and technical challenges. This is especially true 
when considering their cost-effectiveness in resource-constrained 
settings. More long-term, prospective multicenter trials are 
necessary to confirm these results and to shape clinical practice 
guidelines that support lasting, reasonably priced options for 
all-poly TKR.
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Ab s t r Ac t
Background: Efficient operating room (OR) management reduces the potential for extended OR days. Surgical schedulers play a key role in 
generating OR schedules, despite unfamiliarity with specific case considerations that may affect case length. We evaluated the correlation 
between a single surgeon’s subjective preoperative complexity scoring system and the resulting total knee arthroplasty (TKA) procedure time, 
and secondarily to assess the financial losses generated from unaccounted OR time. 
Methods: All patients at the index institution who received a primary, unilateral TKA from February 2014 to November 2019 with a documented 
tourniquet time and assigned complexity score were included (n = 551). Patient and surgery-specific characteristics were recorded, including the 
score that was assigned at the preoperative visit. Case length was determined by tourniquet time. The rate of underestimating room duration 
was estimated from the booking time. Average supply and labor costs as well as surgical and anesthesia charges were tabulated across four 
providers (one utilizing the score and three not utilizing the score).
Results: Preoperative complexity score was positively correlated with tourniquet time (p < 0.001, ρ = 0.196). Operations with complexity scores 
of 1, 2, and 3 had a mean tourniquet time of 59 minutes, 64.2 minutes, and 76 minutes, respectively (p < 0.001). The surgical assistant training 
level did not correlate with a longer tourniquet time (p = 0.492). The attending utilizing the score only underestimated the booking time at a 
rate of 4% with a significantly shorter room duration (131 minutes) while the remaining attendings underestimated the required booking time 
at a rate of 72% with a longer room duration (151 minutes; p < 0.05). The average cost savings per case between attendings that did not use 
the complexity score and the attending that did was $4,462.17 ($223.11 per minute).
Conclusion: Our complexity score correlated with OR time and may aid in enhancing OR efficiency by incorporating it into scheduling algorithms, 
and reducing the direct variable operating cost burden of primary TKAs. 
Keywords: Complexity score, Efficiency, Knee arthroplasty, Operative time, Scheduling.
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0005

In t r o d u c t I o n
The number of primary total knee arthroplasty (TKA) is rapidly 
growing in the United States, projected to reach 935,000 procedures 
annually by 2030.1 Concurrently, medicare reimbursement rates for 
TKA have reduced by 1.7% per year since 2000 after adjusting for 
inflation.2 As such, the overall cost of delivering quality care for total 
joint arthroplasties continues to rise at a rate that outpaces Medicare 
reimbursement rates.3 Reducing profit margins for TKAs, coupled 
with rising operating room (OR) costs at approximately $80/min,4 
underscore the need to maximize surgical efficiency. 

Proper surgical scheduling reduces the number of extended OR 
days and enhances surgical efficiency. Operating room schedulers 
are routinely tasked with generating procedural schedules 
notwithstanding their unfamiliarity with surgical considerations 
inherent to the patients scheduled. Further, they often rely on 
institution metrics, notably the average surgical time for the most 
recent 10 cases of a matching common procedural terminology 
(CPT) code, when estimating case duration and the number of 
cases that can be completed on a given OR day. In tandem, this 
introduces heavy bias and inaccuracies in the scheduling process 
since all TKA procedures, regardless of complexity, share a single 
CPT code (i.e., 27447).5 For instance, conversion TKA, which does 
not have a distinct CPT code, takes significantly longer to complete 
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compared to standard TKA (102.1 minutes vs 71.7 minutes);6 it is, 
therefore, imperative that details regarding surgical procedures 
must be included in estimating case duration. Robust and inclusive 
analysis by surgical scheduling teams will not only more accurately 
predict the operative time needed for any particular case, but 
may also result in a higher number of cases being performed and 
improved access to patient care.

Nearly all demographic factors have been associated with 
increased surgical time for primary TKAs, including younger 
age, obesity, increased American Society of Anesthesiologists 
(ASA) score, male gender, and tobacco use.7–10 However, no prior 
investigations have evaluated surgery-specific factors that influence 
operative time, such as the presence of previous hardware or knee 
deformity, which has been already assessed by the attending 
surgeon. The amalgam of the subjective surgeon assessment, 
which considers the aforementioned patient factors, may lead to 
a more accurate estimate of operative time, and consequently, 
facilitate accurate scheduling of both routine and complex surgical 
cases, enhancing surgical efficiency and reducing costs for the 
institution. 

The purpose of this study was to describe a novel, surgeon-
driven preoperative complexity scoring system and evaluate its 
effectiveness in predicting TKA procedure time and facilitating 
efficient scheduling of cases on any given OR day. Secondarily, we 
sought to determine the cost savings associated with the utilization 
of this scoring system. We hypothesized that a simple, subjective 
orthopedic surgical complexity score would be able to accurately 
predict the intraoperative time required for performing a TKA, 
thereby reducing unscheduled operative time and overall costs. 

Me t h o d s
A retrospective chart review of all primary, consecutive, unilateral 
TKA performed by a single fellowship-trained surgeon (senior 
author) at a tertiary hospital from February 2014 to November 2019 
was conducted. Patients who were classified using preoperative 
complexity score were included in the study. Cases were excluded 
due to the absence of a preoperative complexity score (n = 99) or 
inadequate anesthesia documentation (n = 1). Of the 651 patients 
identified, 551 (85%) were included for analysis. 

All TKAs were performed under tourniquet through a mid-vastus 
approach using cemented, cruciate retaining implants. Patient 
age, gender, ASA status, comorbidities, body mass index (BMI), 
and anesthesia type (spinal vs general) were manually reviewed 
from the anesthesia documentation. To ensure that the majority 
of determinants of operative time were captured, the presence 
of preexisting hardware (i.e., Conversion TKA) was also recorded. 
Procedure time was the primary endpoint in this study and was 
defined as the time in which the patient entered the operative room 
to the time they left (i.e., wheels in to wheels out). No changes in 
working system coordination, procedural preparation, or physical 
therapist and nursing staffing were made during the duration of the 
study to control for other factors affecting surgical efficiency.

A simple, subjective complexity score was formulated based 
on the anticipated operative duration, considering the surgical 
complexity of the patient and procedure. For ease of use, this 
was a 3-point Likert scale, with a lower score representing a less 
complex case, and vice versa. The preoperative complexity score 
was documented in the patient progress note by the attending 
following the preoperative office appointment. A level 1 case has 
an anticipated procedure time of <60 minutes (tourniquet time) 
and a booked time of <120 minutes. A patient was classified as 
a level 2 case if they present with potential technical challenges 
(e.g., obesity, mild to moderate deformity) or patient comorbidity 
that directly impacted the patient’s surgical management, with 
an anticipated operative time of 60–120 minutes and booked 
time of 120–180 minutes. The highest complexity score of 3 was 
assigned to patients with more exaggerated circumstances (e.g., 
severe deformity, prior hardware), with an anticipated operative 
time of >180 minutes and booked time of 180–240 minutes. 
Complete details regarding the criteria of each complexity level 
are detailed in Table 1.

As a control group for cost comparison, we compared the 
average supply and labor costs of the study cohort mentioned 
above to a control cohort of 488 primary TKAs performed at the 
same tertiary hospital by three other attending physicians at an 
equivalent level experience between January 2018 and November 
2019. Unlike the three surgeons, only the senior author employed 
the surgical complexity score to assist with preoperative scheduling. 
The specified timeframe was selected as this was the earliest date 
following the decision to remove TKA from the inpatient-only 
list.11 Labor costs were defined as wages and benefits of the OR 
clinical staff, not accounting for nurse anesthetist, anesthesiologist, 
surgeon, resident, or radiology costs. Average labor cost was 
calculated by multiplying the average procedure duration in 
minutes by cost per minute. Surgical and anesthesia charges as 
well as average procedure duration were subsequently tabulated. 
There were no significant variations in surgical technique, implant 
distribution, cementing protocol, or technological use for the 
patients treated among the four surgeons. Further, no unplanned 
events occurred perioperatively during this procedure. 

Descriptive statistics were calculated for all variables. Spearman 
correlation assessed the relationship between complexity score 
and tourniquet time. Shapiro–Wilk normality testing was applied 
to evaluate the normality of the complexity score and another 
preoperative variable as a function of tourniquet time. Depending 
on normality, group comparisons were performed using either 
the independent samples t-test or the Mann–Whitney U test. For 
variables with more than two groups, the one-way Kruskal–Wallis 
or ANOVA test was used. A multiple logistic regression model 
was created to determine the independent association between 
complexity score and tourniquet time while controlling for all 
patient characteristics and collected preoperative factors. All 
analysis was completed using RStudio software, with a significance 
level set at p < 0.05.

Table 1: Novel surgical complexity score
1 A standard TKA with a flexible coronal deformity, flexion contracture <10°, BMI <35, and normal bone stock.
2 Meet one of the following criteria: significant coronal deformity (10–25° varus/valgus), a non-correctable deformity (e.g., fixed valgus 

deformity), a flexion contracture between 10 and 25°, BMI >35, retained hardware (e.g., conversion TKA), and the presence of specific 
comorbidity that compromises the patient’s bone quality and/or soft-tissue sleeve (e.g., severe osteoporosis, inflammatory arthritis, 
hemophilia).

3 Patients with more exaggerated circumstances: Sagittal or coronal deformity >25°, flexion contracture > 25°, significant femoral and/or 
tibial bone loss, and diagnoses requiring a more constrained implant (e.g., post-polio syndrome).
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re s u lts
A total of 551 patients were included. Mean age was 62.3 years 
(range, 17.2–86.3 years), 69.7% were female, and mean BMI was 
31.9 kg/m2 (range, 15.6–53.3 kg/m2). Patient demographics are 
summarized in Table 2.

There were significant differences between complexity score 
groups with regard to tourniquet time. Patients with a complexity 
score of 1 had a significantly lower mean tourniquet time (59 
minutes; CI: 56.8–61.2) than those with a score of 2 (64.2 minutes; 
CI: 62.2–66.3) and those with a score of 3 (76 minutes; CI: 66.6–85.4) 

Table 2: Patient demographics of the cohort

Variable
Overall 

(n = 551)
Age (years)

Mean (SD) 62.2 (11.6)
Median (min, max)    62.3 (17.2, 86.3)
<65 325 (58.6%)
>65 230 (41.4%)

Sex
Female 387 (69.7%)
Male 168 (30.3%)

Smoking status
Non-smoker 447 (80.5%)
Smoker 108 (19.5%)

Race/Ethnicity
Asian 20 (3.6%)
African American 229 (41.3%)
Hispanic/Latinx 18 (3.2%)
Other 21 (3.8%)
White 267 (48.1%)

ASA classification
I  6 (1.1%)
II 315 (56.8%)
III 229 (41.3%)
IV  5 (0.9%)

Anesthesia
General 143 (25.8%)
Spinal 412 (74.2%)

DM-2 status
No 462 (83.2%)
Yes  93 (16.8%)

Bleeding disorder
Not present 548 (98.7%)
Present  7 (1.3%)

HTN
Not present 209 (37.7%)
Present 346 (62.3%)

COPD
None 528 (95.1%)
Present 27 (4.9%)

Surgical assistant
Physician assistant 21 (3.8%)

(Contd...)

Table 2: (Contd...)

Variable
Overall 

(n = 551)
Resident 302 (54.4%)
Fellow 232 (41.8%)

Surgical complexity score
I 197 (35.5%)
II 327 (58.9%)
III 31 (5.6%)

Valgus deformity
Not present 471 (84.9%)
Present  84 (15.1%)

Tight varus
Not present 521 (93.9%)
Present 34 (6.1%)

Flexion contracture
Not present 541 (97.5%)
Present 14 (2.5%)

Hypoplastic lateral femoral condyle
Not present 554 (99.8%)
Present  1 (0.2%)

Conversion total knee arthroplasty
No 539 (97.1%)
Yes 16 (2.9%)

Revision total knee arthroplasty
No 555 (100%)
Yes  0 (0.0%)

Arthrofibrosis
Not present 554 (99.8%)
Present  1 (0.2%)

Distal femur flexion contracture
Not Present 554 (99.8%)
Present  1 (0.2%)

Significant deformity
Not Present 543 (97.8%)
Present 12 (2.2%)

BMI
Mean (SD) 32.0 (6.64)
Median (min, max)    31.4 (15.6, 53.3)
<30 224 (40.4%)
30–35 164 (29.5%)
35–40  89 (16.0%)
40+  78 (14.1%)

Preoperative hemoglobin level
Mean (SD) 13.3 (1.34)
Median (min, max)    13.4 (8.30, 17.2)

Estimated blood loss
Mean (SD) 80.5 (43.5)
Median (min, max)   75.0 (15.0, 400)

Tourniquet time
Mean (SD) 63.1 (18.5)
Median (min, max)   59.0 (15.0, 130)

(Contd...)
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(p < 0.001 for both pairwise comparisons). In addition, patients with 
a score of 2 had a significantly lower mean tourniquet time than 
those with a score of 3 (p < 0.05).

A multivariate logistic regression model incorporating all 
collected patient characteristics and preoperative factors was 
constructed to identify modifiable characteristics that were 
independently associated with tourniquet time (Table 3). This 
model demonstrated a statistically significant association between 
complexity score and time, with an additional increase in time 
by 5.38 minutes (CI: 2.77–7.99, p < 0.001) for every increase in 
complexity level. There was also a significant association between 
race and tourniquet time, with an additional increase in time of 4.51 
minutes (CI: 1.11–7.91, p = 0.01) for white patients and 7.42 minutes 
(CI: 2.41–12.43, p = 0.004) for African American patients compared 
to patients of other races. Furthermore, there was a significant 
association between tourniquet time and age group as well as 
sex, with a decrease in tourniquet time by 3.83 minutes (CI: –8.44 
to –1.76), p = 0.003) for patients greater than 65 years old relative 
to younger patients, and a decrease by 8.00 minutes (CI: –11.21 to 
–4.78), p < 0.001) for females compared to males. 

In the cost analyses, the average surgical charges for a primary 
TKA were $5,297 for the first 30 minutes of OR time and $3,584 
for each additional 30 minutes. ($175.57/min and $119.47/min, 
respectively). The average anesthesia charges were $3,048 for the 
first 30 minutes and $3,048 for each additional 30 minutes ($101.60/
min). The average supply costs across all four surgeons were 
$4,714.51 per case and the average labor costs were $1,116.17 per 
case. The senior author who employed the surgical complexity score 
experienced decreased average supply and labor cost (p < 0.05 for 
both) compared to the other three surgeons (Fig. 1). Furthermore, the 
use of the surgical complexity score allowed for under-scheduling 
of room duration for the procedure at a rate of 4% with an average 
duration of 131 minutes; the control group of three attendings that 
did not utilize the scoring system under-scheduled the room duration 
for the procedure at an average rate of 72% with an average duration 
of 151 minutes. The estimated cost savings per minute when utilizing 
the surgical complexity score was $4,462.17 ($223.11 per minute).

dI s c u s s I o n
This study found that a preoperative surgical complexity 
scoring system could accurately predict operative time in TKA. 
Surgeons factor in both patient-specific and technical surgical 
elements when estimating OR time, which are not currently 
utilized by surgical schedulers. Our study emphasizes the value 
of a preoperative complexity score in accurately predicting case 
duration, improving communication between surgeons and 

schedulers, and optimizing OR efficiency to reduce the overall costs 
associated with the procedure.

Table 2: (Contd...)

Variable
Overall 

(n = 551)
Cement time

Mean (SD) 47.6 (15.9)
Median (min, max)   44.0 (15.0, 105)

Minutes from start to closure
Mean (SD) 63.6 (18.7)
Median (min, max)   59.0 (26.0, 180)

ASA, American Society of Anesthesiology Physical Status; BMI, body mass 
index; COPD, chronic obstructive pulmonary disease; DM-2, diabetes 
mellitus type 2; HTN, hypertension

Table 3: Multivariate linear regression model to assess the association 
between patient characteristics, preoperative factors, and surgical 
complexity score with tourniquet time as the dependent variable

Variable
Beta  

coefficient
95% Confidence  

interval p-value
Surgical complexity score 5.38 2.77–7.99 <0.001*
Reference: Age <65 years

Age >65 years −4.92    −8.19 – −1.65 0.003*
Reference: Male

Female −8.00 −11.21 – −4.78 <0.001*
Reference: Non-smoker

Smoker −0.10 −4.02 – 3.83 0.96
Reference: Spinal 
anesthesia

General anesthesia 0.25 −4.27 – 3.88 0.89
Reference: Non-diabetic

Diabetic −0.19 −4.27 – 3.88 0.93
Reference: No bleeding 
disorder

Bleeding disorder 2.02 −11.19 – 15.22 0.76
Reference: No 
hypertension

Hypertension −0.64 −3.89 – 2.61 0.70
Reference: No COPD

COPD −0.35 −7.17 – 6.48 0.92
Reference: ASA <2 

ASA >3 −0.56 −3.70 – 2.58 0.73
Reference: Other races**

Race: White 4.51    1.12–7.91 0.01*
Race: African American 7.42      2.41–12.43 0.004*
BMI 0.23 −0.01 – 0.47 0.07
Estimated blood loss 0.03 −0.01 – 0.06 0.13

*Indicates statistical significance at p < 0.05 level. **Other races include 
Asian, Hispanic/Latino, East-Indian, or Other Pacific Islander. BMI, body 
mass index

Fig. 1: Average supply and labor costs across four attending physicians. 
Attending #3 utilized the surgical complexity score
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Utilizing surgical factors to accurately predict case length can 
help to optimize surgical suite utilization and reduce the amount 
of extended OR days for provider teams. On average, surgeons 
wait an average of 51 minutes between cases (also known as 
turnover time) and up to 29.5 hours of turnover time per month.12 
The shift in OR scheduling from a first-come, first-served approach 
to using historical averaging has optimized OR throughput and 
reduced resource underutilization across surgical specialties.13,14 
Now with machine learning, authors can successfully predict case 
length within 10% of the actual duration.15 Further, by incorporating 
surgeons’ own estimates, predictive models have become 
more accurate relying solely on historical averages.16 Notably, 
Eijkeman et al. found that surgeons’ estimates were the most 
important predictors of total OR time in the context of general 
surgery.17 Although historical averages of primary TKA are key 
predictors of surgical time, incorporating surgeon experience 
through subjective estimation and objective surgical factors is 
the natural next step to capitalize on hours of time wasted by 
provider teams.18 

A key reason why schedulers do not have the resources to 
include surgical factors in case duration estimations is that CPT 
codes for a specific procedure are highly generalized and non-
specific. Common procedural terminology codes fail to account for 
the complexity of cases and instead rely on complexity qualifiers 
that are outside the scope of a scheduler’s training.19 The current 
investigation demonstrated that such uncaptured variation is often 
anticipated by the provider team. The preoperative subjective 
score alone does not predict exact surgical times, but rather, allows 
surgeons to seamlessly share their subjective estimates to schedules 
in an organized fashion. In practice, weekly multidisciplinary team 
meetings communicating the difficulty of a case with this simple 
scoring system as well as the reason for complexity categorization 
could streamline communication with all members of the surgical 
team, enabling them to make the necessary perioperative 
preparations needed to minimize turnover time and avoid 
unnecessarily long operative days. 

The surgical complexity score was the strongest predictor 
of case length relative to all included demographic and surgical 
factors. These secondary predictors demonstrated only a small 
effect size which did not account for surgery-specific differences; 
this is consistent with other research that demonstrate variations 
in OR time by patient characteristics.8–10 While the literature 
describes these predictors of OR time, limited strides have been 
made to improve OR efficiency based on perioperative and 
intraoperative changes. When successful, such workflow analyses 
and perioperative care strategy optimization have led to a 29% 
increase in volume per OR per day and decreased overall surgical 
time per case.20,21 More importantly, our study showed that the 
senior author only underestimated the necessary booking time 
at a rate of 4%, whereas the comparative group of attendings 
underestimated their time in 72% of cases. While efforts to reduce 
case length are important, an accurate prediction of surgical case 
length may impact OR efficiency to a greater extent. 

Cost savings associated with utilizing the simple surgical 
complexity score were approximately $4,500 per case ($223.11 
per minute). With the declining revenue generated from TKA, 
minimizing the cost burden is important in keeping practices 
fiscally solvent.22 Multiple investigations have attempted to 
assess the average cost per minute of performing a TKA, with 
estimates ranging from $22/min to $133/min.4,23–25 However, these 

studies do not encompass the surgical and anesthesia charges 
associated with the procedure to quantify the mixed cost burden 
per minute associated with the case. Ryan et al. concur with the 
notion that a complexity score for primary TKAs is necessary to 
both offset high operational costs per minute and integrate into 
future reimbursement models as a case modifier metric.26 Surgical 
delays have been directly linked to an approximate 40% increase 
in overhead practice costs, stressing the economic need to align 
reimbursement and case complexity by enhancing OR efficiency.27 
Even though this cost analysis is preliminary, integrating the 
proposed surgical complexity scoring system into practice may 
translate into substantial reductions in not only OR duration, but 
also in direct variable costs. As such, this article aims to highlight 
the economic benefits of creating organizational efficiency 
standards that hospital systems should implement to maximize 
their procedural margins; future research within the orthopedic 
field may investigate these implications further. Nonetheless, we 
present this practical use—case of a necessary TKA scoring system 
as a proof of concept for future optimization of case management 
in orthopedic practices.

This study represents the initial data of a novel scoring system 
for estimating OR length and should be interpreted in light of 
some limitations. The criteria underlying the three-point scoring 
system may limit the generalizability and reproducibility of the 
score as it is derived from the sole experience of a single provider. 
Nonetheless, the subjective nature of the score was designed to 
permit individualization at the surgeon level, allowing the surgeon 
to incorporate their own unique practice considerations and 
intrinsic experiences with their client population. Consequently, 
surgeon experience would be the primary driver of predicted 
surgical time whilst incorporating several patient factors that 
general operational metrics (e.g., average time of preceding 10 
cases). However, we included only surgeons with equal experience 
to mitigate this bias. We believe that this subjective score would 
be all-encompassing and hence be a more useful predictor of OR 
time. This association may be even more apparent in revision TKA 
wherein surgical complexity is substantially greater. 

co n c lu s I o n
A novel surgical complexity scoring system was highly correlated 
with OR time for primary TKA, demonstrating successful 
implementation with case scheduling algorithms as well as 
improved OR utilization and efficiency. Additionally, an estimated 
$4,500 per minute in cost savings was realized when utilizing the 
complexity scoring system. While initial adoption may be met with 
lukewarm enthusiasm, individualization of the scoring system by 
practice standards and working within a consistent care team could 
help streamline preoperative scheduling, enhance OR efficiency, 
and reduce costs. 
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Ab s t r Ac t
Background: Obesity has also been recognized as the most important modifiable risk factor for osteoarthritis. Total knee replacement (TKR) 
in obese patients presents additional challenges with increased risk of component malpositioning and component loosening. Navigation in 
TKR results in accurate alignment, titrated soft tissue balancing, reduced blood loss, early rehabilitation, and reduced chances of embolism by 
not entering the intramedullary space. Whether it actually improves outcomes and reduces complications in obese was the research question 
of our study. 
Materials and methods: It was a prospective randomized comparative observational study conducted at our institute between December 
2017 and March 2019. Obese patients between ages 50 and 75 years undergoing primary TKR for osteoarthritis were included in the study after 
an internal review board approval and after prior informed consent. A hundred knees in obese patients [Body mass index (BMI) > 30 kg/m2)] 
with varus deformation undergoing TKR were randomized into a navigated group (NG, n = 50) and a non-navigated group (NNG, n = 50).
Results: Patients were followed for a minimum of 2 years. The average follow-up was 4.6 years (2–6.5 years). Two of the patients (four knees) 
in NG were lost to follow-up and three of the patients (6 knees) had died in the NNG leaving us with a total of 46 knees in NG and 44 knees 
in NNG at final follow-up. The NG showed better outcomes in terms of alignment, component positioning, range of motion (ROM), deformity 
correction, blood loss, return to activity, and complications.
Conclusion: Computer navigation-assisted TKR significantly improves alignment with marginal functional improvement and reduces perioperative 
complications in obese patients.
Keywords: Functional outcome, Knee society score, Obesity, Navigation, Total knee replacement. 
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0006

In t r o d u c t I o n
Obesity has been labeled as an epidemic by the World Health 
Organization and is an independent modifiable risk factor for the 
development of Osteoarthritis.1–6 Overweight and obesity are seen 
in 30–65% of the adult urban population.7 Osteoarthritis progresses 
at a much faster pace in obese and hence these patients tend to 
undergo joint replacement surgery at a comparatively younger 
age.8,9

World Health Organization classifies body mass index (BMI) 
greater than 30 as “obese” and that greater than 40 as “morbidly 
obese.”10 Somehow obesity disproportionately affects knees more 
than hips, leading to an unequal increase in the number of primary 
total knee replacements (TKRs) compared to the number of total 
hip arthroplasties.4 Obesity is associated with higher surgical 
complications, mortality, and increased healthcare costs.11–14 There 
is an increased risk of component malposition and component 
loosening in obese patients undergoing TKR.15 Computer-assisted 
surgery (CAS) in TKR results in an accuracy of bone cuts, precision 
in component placement as compared to conventional techniques, 
enables real-time kinematic analysis, and titration of soft tissue 
balancing. It also reduces blood loss and decreases the chances of 
fat embolism by not entering the intramedullary space. Enhanced 
soft tissue balancing has been shown to result in significant 
improvement in functional outcomes and knee scores.16,17 To 
evaluate whether navigation improves outcomes in obese, we did 

a prospective randomized comparative study performing TKR in 
obese subjects with and without using navigation.

MAt e r I A l s A n d Me t h o d s
It was a prospective randomized comparative observational study 
conducted at our institute between December 2017 and March 
2019. Obese patients between ages 50 and 75 years undergoing 
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primary TKR for osteoarthritis were included in the study after an 
internal review board approval and after prior informed consent. 
A hundred knees in obese patients (BMI > 30 kg/m2) with varus 
deformation undergoing TKR were randomized into a navigated 
group (NG, n = 50) and a non-navigated group (NNG, n = 50). 
Randomization was done using the chit method (chits with NNG 
and NG written were taken out each time from a box and patients 
were accordingly allocated into groups). There were 22 females 
(18 bilateral and 4 unilateral knees) and 6 males (4 bilateral and 
2 unilateral knees) in the NG and 18 females (16 bilateral and 2 
unilateral knees) and 10 males (6 bilateral and 4 unilateral knees) 
in the NNG group. Female predominance was observed in both 
groups. The mean age was 62.91 years in the NNG and 62.18 years 
in the NG. The mean BMI in the NNG was 33.38 kg/m2 (range 30.4– 
42.0) and that in the NG was 32.9 kg/m2 (range 32.4–42.5). The two 
groups were comparable with respect to the average BMI (p-value 
0.694), associated comorbidities, and deformities.

All patients were evaluated preoperatively with standard 
anteroposterior (AP) weight bearing and lateral radiographs of the 
knee. Coronal (varus/valgus) and sagittal (flexion/extension) plane 
deformities of the knee were assessed clinically with the help of 
a goniometer and plain radiographs. The knee range of motion 
(ROM), deformity, knee society score (KSS), and pain scores were 
assessed pre- and postoperatively at 12 weeks, 3 months, 6 months, 
and yearly. All preexisting comorbidities (79% in NNG and 76% in 
NG) were optimized. Preoperatively, apart from the preanesthetic 
checkup, all patients were assessed for hemoglobin (Hb), HbA1c 
(in diabetics), serum albumin levels, serum vit. D levels, and serum 
transferrin levels as markers of nutritional status. Same-day bilateral 
TKR was performed in 18 patients in NG and 18 patients in NNG. 
Those found unfit for a same-day bilateral TKR were operated in a 
staged manner at an interval of 6 weeks.

Surgical Technique 
The standard medial parapatellar approach under combined spinal 
epidural anesthesia (bilateral TKR) and spinal plus femoral/adductor 
canal block was used (unilateral cases). Tourniquet was used for 
patients in both groups. Brainlab KNEE version 3.1 (Brainlab AG, 
Germany) was used for navigating during TKR. In a navigated TKR 
(Fig. 1), the inputs for the hip center of rotation, knee center, and 
ankle center were used by the computer to calculate the mechanical 
axis of the limb (Fig. 1B). A mapping of the proximal tibia and distal 
femoral geometry was done and navigation was guided to perform 
the proximal tibia and the distal femoral cut without violating 
the intramedullary canal (Figs 1C to F). The computer guides the 
surgeon to accurate implant alignment, rotation, sizing, and soft 
tissue balancing. Intraoperative readings of the navigated knee 
replacement were recorded (Figs 1B, C, E, H).

In a non-navigated TKR (Figs 2 and 3) routine bone cuts were 
performed using manual jigs. After soft tissue balancing and trialing, 
the final prosthesis cementing was done. The major problems 
faced were difficulty in joint exposure due to soft tissue (Fig. 2D 
and Fig. 3B), difficulty in hyperflexion and subluxating the tibia 
forward (so a femoral cut first technique was performed), difficulty 
in patellar eversion (so the patella was levered and seated into a 
subcutaneous pouch), problems in performing routine bony cuts 
and soft tissue balancing.

The patella was replaced in all patients except where the native 
patella was too thin or too small. A PFC sigma fixed bearing or an 
attune high flex fixed bearing prosthesis (Depuy Synthes, USA)  
was used in the patients. A tibial stem extender (n = 16; hybrid 

fixation) was used in patients with morbid obesity, soft bones, 
and where a bone defect was reconstructed (Figs 2F and H and  
Figs 3C and D).

The total tourniquet time was calculated. Postoperative knee 
X-rays were done to calculate alignment, component positioning, 
cementing, and signs of loosening. Alignment was defined as 
an “outlier” when there was a deviation of more than 3° from 
the median. On the AP films, α-alpha and β-beta angles (coronal 
alignment of the femoral and tibial components, respectively), and 
on lateral films, γ-gamma and σ-sigma angles (femoral flexion angle 
and tibial slope, respectively) were calculated.

Postoperatively hemoglobin was recorded on the second 
post-op day and compared with the preoperative value. The average 
fall in hemoglobin was compared in both the groups predicted 
the average intraoperative blood loss. All patients had received IV 
tranexamic acid (10 mg/kg body weight) at the time of induction to 
reduce bleeding and another dose was given 4 hours after surgery 
in the postoperative period. No drains were used in any case. So 
blood transfusion was never required in any patient in the groups. 
All patients received deep vein thrombosis (DVT) prophylaxis in the 
form of subcutaneous LMWH (40 mg/day started 12 hours from time 
to induction) for 5 days along with mechanical pumps. After this, 
the patient was put on oral aspirin 150 mg daily at bedtime for 15 
days. All the patients were followed at 2 weeks, 6 weeks, 3 months 
6 months, 1 year, and yearly thereafter. 

The ROM of the knee joint was assessed at each follow-up and 
recorded at 12 weeks with the help of a goniometer. The knee 
assessment scoring for pain and function was done by KSS at 6 
weeks, 3 months, 6 months, 1 year, and yearly at follow-up and 
compared with the preoperative KSS. 

re s u lts
Patients were followed for a minimum of 2 years. The average 
follow-up was 4.6 years (2–6.5 years). Two of the patients (four 
knees) in NG were lost to follow-up and three of the patients  
(6 knees) had died in the NNG leaving us with a total of 46 knees in 
NG and 44 knees in NNG at final follow-up. Comparison of clinical 
(alignment and deformity) and radiological parameters (component 
placement and angles) in both groups are shown in Table 1.

Alignment 
The outliers for postoperative coronal plane alignment were 
35.29% in the NNG and 11.76% in the NG (p-value 0.043), the 
difference being statistically significant. The respective numbers 
for postoperative sagittal plane alignment were 11.76% and 0% 
(p-value 0.114).

Component Placement
Outliers for alpha angle were seen in 32.35% of the patients in the 
NNG and 14.71% in the NG (p-value 0.086). The outliers were 11.76% 
and 8.82% for beta angle (p-value 1.000); 26.47% and 11.76% for 
gamma angle (p-value 0.217, significant); 38.24% and 23.53% for 
sigma angle (p-value 0.189), respectively. 

Table 2 depicts the comparison of functional results between 
groups.

Range of Motion (ROM)
There was an improvement in the NG but no statistically significant 
difference in the ROM between the two study groups was seen at 
different time intervals, that is, preoperatively, at 2 weeks, 6 weeks, 
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3 months, and 6 months postoperatively (p-value> 0.05). There was 
no significant difference in the gain in the range of motion in the 
two study groups up to 6 months postoperatively or thereafter 
the ROM remained the same (p-value 0.725; Table 2).

Knee Society Scoring (KSS)
The NG group showed slightly better KSS scores than the NNG, but 
the difference was statistically insignificant (Table 2).

Surgery Time
The average time was 69.41 minutes for the NNG and 85.59 minutes 
for the NG, the difference being statistically significant; the mean 
duration of surgery being longer for the NG (p-value < 0.001). The 
fall in hemoglobin was 1.22 ± 0.36 in NG and 2.31 ± 0.24 in NNG 
(p = 0.210) (Table 2).

Complications
One knee in the NG group and 5 knees in the NNG developed a 
superficial skin infection. One patient in each group developed a 
deep-seated infection for which a two-stage revision was done. Deep 
vein thrombosis was seen in one knee in NG and 7 knees in NNG. 
Six knees (3 patients) in the NNG had mortality due to pulmonary 
embolism (PE) (proven on pulmonary CT angiography) compared 
to none in NG in the immediate postoperative period. These three 
patients had morbid obesity along with diabetes, hypertension, and 
low vitamin D and serum transferrin levels, although they had been 
cleared for surgery on preanesthetic evaluation. Anterior knee pain 
was reported equally in both groups irrespective of whether the 
patella was replaced or not. None of the patients in the groups had 
implant subsidence or aseptic loosening, periprosthetic fracture, or 
any other significant complications till the last follow-up (Table 3).

Figs 1A to K: (A) Preoperative AP and lateral views of knee in a 52-year female patient with BMI 39.5 kg/m2; (B) Computer showing the initial 
assessment of deformity as 6.5° varus and 32.5° fixed flexion deformity; (C) Navigation screen showing the conservative tibial cut; (D) Intraoperative 
picture showing the placement of pins for infrared reflectors in tibia through a different incision and the jig for distal femur cutting placed under 
navigation guidance; (E) Navigation showing the 11 m distal femoral cut to correct FFD; (F) Intraoperative verification of the navigated distal 
femoral cut; (G) Soft tissue balancing being performed under navigation guidance; (H) Navigation screen showing the correction of varus to 
1.5° and FFD of 9° (with the final insert placed); (I) Postoperative radiographs at 2-year follow-up showing the correct implant placement with a 
tibial stem extender and replaced patellar button. No radiolucency seen in any zone; (J) Postoperative clinical picture showing flexion up to 110°. 
Arrow points to the junction where the calf fat deposits approximate at the thigh deposit and limit flexion; and (K) Postoperative clinical picture 
showing the arthrotomy scar and navigation pin tract scars
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dI s c u s s I o n

Computer-assisted TKR improves the accuracy and reproducibility 
over conventional techniques,18 improves functional outcomes, 
and knee scores,16 reduces blood loss,19 and reduces morbidity and 
complications due to marrow embolism.20 CAS is advantageous 
in obese as identification of anatomical landmarks and soft tissue 
balancing can be difficult when using conventional jigs.21 Our study 
shows the benefit of navigation in terms of exposure, alignment, 
component placement, function, reduction in blood loss, reduction 
in PE, and time to get back to normal walking, thereby reducing 
morbidity.

Exposure
High-fat deposition (especially stiff ) around the knee makes 
the exposure a tedious task in the obese as the bony landmarks 
are obscured, and flexion is limited due to bulky soft tissue in the 
thigh and calf. Navigation actually is minimally invasive, where it 

matters the most, as it does not violate the intramedullary canal and 
reduces changes of fat embolism. We lost three patients, operated 
without navigation, in our series to PE. There were common factors 
in these three patients (morbid obesity; >2 comorbidities; and poor 
nutritional status). We call this the “Terrible Triad of Obesity.” The 
authors believe that this “double hit phenomenon” caused by a 
bilateral same-day TKR in a patient with this “Terrible Triad of Obesity” 
is an invitation for complications and hence bilateral surgeries 
should be avoided. Navigation-assisted TKR had no incidence of 
fatal PE in our series and so indirectly did reduce mortality in obese 
undergoing TKR, although a cause and association between PE and 
obesity cannot be derived from this outcome, nor can we conclude 
that navigation would invariably reduce the incidence of PE to zero 
in obese patients undergoing TKR.

Alignment
Malpositioning of components in obese increases the stress 
transmitted to the fixation interface, hence leading to premature 

Figs 2A to H: (A to C) Preoperative AP and lateral radiographs of a 61-year obese female with BMI 40 kg/m2; (D) Intraoperative picture showing 
the bilateral same sitting non-navigated TKR with distal femur first technique. Stiff fat around the knee causes much difficulty in retraction and 
exposure; (E) Intraoperative picture with final implant and a trial. Note the width of the thigh and the 8-in. long incision; (F) Picture of the tibial 
tray with stem extender. Cementation is done only till the tray-extender junction; (G) Intraoperative picture with final Depuy PFC implant with 
final insert; and (H) Postoperative radiographs of both knees showing the tibial stem extenders
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Figs 3A to F: (A) Preoperative AP and lateral views of the knee joint in an obese female of 58 with BMI 42 kg/m2; (B) Intraoperative picture of 
the incision using the medial parapatellar approach. Note the soft mobile fat sleeve that blooms open and displaces as the joint is exposed; (C) 
Postoperative AP radiographs of the knee joint showing the stem extenders on the femoral and tibial side; (D) Postoperative lateral radiograph 
of the left knee joint at 2-year follow-up showing the stem extenders on the femoral and tibial side (hybrid cementation); (E) Postoperative lateral 
radiograph of the right knee joint at 2-year follow-up showing the stem extenders on the femoral and tibial side (hybrid cementation). No aseptic 
loosening seen; and (F) Postoperative follow-up picture showing the bilateral healed scars and flexion achieved

Table 1: Comparison of clinical and radiological parameters in both groups

Clinical and radiological parameters Navigated group (NG) Non-navigated group (NNG) p-value

1. Varus deformity (degrees)

Preoperative  13.62 ± 1.76  13.88 ± 1.74

Postoperative   2.03–1.06   3.18 ± 1.74

Improvement  11.59 ± 2.26  10.71 ± 2.07 0.109

2. Fixed flexion deformity (degrees)

Preoperative  16.06 ± 3.72 15.91 ± 4

Postoperative   0.79 ± 1.04   1.24 ± 1.52

Improvement  15.26 ± 2.84  14.68 ± 2.77 0.330

3. Coronal plane alignment (degrees)

Preoperative 166.38 ± 1.76 166.12 ± 1.74

Postoperative alignment 177.97 ± 1.06 176.82 ± 1.24

Improvement  11.59 ± 2.26  10.71 ± 2.07 0.109

4. Sagittal plane alignment (degrees)

Preoperative 163.94 ± 3.72 164.09 ± 4

Postoperative 178.76 ± 1.52 179.21 ± 1.04

Improvement  14.68 ± 2.77  15.26 ± 2.84 0.330

5. Alpha angle (femoral component coronal alignment angle) (in degrees)  96.09 ± 2.33  96.15 ± 3.05 0.975

6. Beta angle (tibial component coronal alignment angle) (in degrees)  90.12 ± 1.61  90.21 ± 2.25 0.945

7. Gamma angle (femoral flexion angle) (in degrees)   6.32 ± 2.68  6.26 ± 1.8 0.794

8. Sigma angle (tibial slope) (in degrees)  87.79 ± 1.75  88.76 ± 2.17 0.066
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wear and high failure rates.22–25 Navigation reduces these outliers 
and long-term failures.

In our study, the NG showed significantly better postoperative 
coronal plane alignment and reduced outliers. Our results were 
comparable to those published in other studies that reported 
reduced outliers for mechanical alignment in the NG than the 
conventional group.18,26–30 

We observed a greater improvement in flexion deformity 
in the NG (15.26°) as compared to the conventional group 
(14.68°), although the difference was not statistically significant 
(p-value = –0.330). Sharma et al. have reported better outcomes for 
the NG with lesser postoperative flexion deformity at 6 months for 
the NG (4.5°) compared to the conventional group (5.8°).31

Function
In our study, the mean preoperative KSS was 24.5 ± 15.77 for the 
NNG and 23.5 ± 12.53 for the NG which at 2 years of follow-up 
improved to 83.24 ± 6.09 in NNG and 83.5 ± 4.98 in the NG. This is 
comparable to the findings of Kim et al. and Amin et al.32,33 

In our study, the mean postoperative ROM improved till 6 
months and remained static thereafter at 2 years follow-up but was 
again comparable (mean ROM of 123.38 ± 2.31° for the conventional 
group and 123.85 ± 2.43° for the NG; p-value 0.295). Despite using 
high flexion components during TKR, the final ROM is less. Our 
observations correlate with those published by Kim et al., Hoppe 
et al., and Collins et al.32,34,35

Singh et al. in a recent study on obese patients of all categories 
undergoing TKA showed lower improvement in forgotten joint 

scores in those with higher BMI.36 Cano et al. reported improved 
quality of life in the short to mid-term irrespective of the BMI.37 
Similarly, Xu et al. in a 10-year follow-up of TKA reported a 
clear association between low KSS, oxford knee scores, mental 
component scores, and obesity. At 10 years they reported similar 
satisfaction levels in both the obese and non-obese groups.38

Surgical Time
We used tourniquet time as a measure of surgical time and this was 
significantly longer in the NG (85.59 ± 5.7 minutes) as compared 
to the conventional group (69.4 ± 4.8 minutes). Our observations 
correlate with the study of Zhang et al.,39 who observed an 
average surgical time of 58.4 minutes in the conventional group 
and 90.1 minutes in the computer-assisted group. Pang et al. have 
also reported a less tourniquet time of 116 ± 20 minutes in the 
conventional group compared to134 ± 18 minutes in the NG.40 

Blood Loss
The average blood loss was lower in the NG, the difference 
observed was statistically insignificant (p-value 0.210). Many other 
studies have observed a lower average blood loss in the NG although 
the difference observed was statistically insignificant.36,41,42

Wound Healing
Substantial adipose tissue between the skin and the extensor 
mechanism and fat necrosis and collection in this space at the 
time of closure, complicates wound healing in obese. In our study, 

Table 2: Comparison of functional results between groups
Functional results Navigated group (NG) Non-navigated group (NNG) p-value
1. Range of motion

Preoperative 103.35 ± 5.59 103.41 ± 4.11
Postoperative 123.85 ± 2.43 123.38 ± 2.31
Improvement in ROM 20.5 ± 4.56  19.97 ± 3.35 0.725

2. KSS knee score
Preoperative  23.5 ± 12.53    24.5 ± 15.77
Postoperative (2 yrs) 83.5 ± 4.98  83.24 ± 6.09
Improvement in KSS   60 ± 8.61   58.74 ±12.17 0.698

3. KSS function score
Preoperative 33.79 ± 10.44   33.85 ± 11.73
Postoperative (2 yrs) 83.09 ± 4.59  82.79 ± 6.93
Improvement in KSS 49.29 ± 8.18 48.94 ± 7.6 0.777

4. Fall in hemoglobin 1.22 ± 0.36   2.31 ± 0.24 0.210
5. Time to discharge (days) Av 3.2 days Av 5.5 days
6. Time to unaided walking (days) Av 12 days (U/L TKR)

Av 18 days (B/L TKR)
Av 21 days (U/L TKR)
Av 30 days (B/L TKR)

Table 3: Complications and outcomes among both groups
Complications Navigated group (NG) Non-navigated group (NNG) Outcome
Superficial wound infection 1 5 knees Healed with dressings and local debridement 
Intraoperative fractures 0 0
Deep vein thrombosis 1 7 knees Medical treatment
Fatal pulmonary embolism 0 6 knees (3 patients) Death in 3 patients
Deep infection 1 1 Two-stage revision 
Prosthesis loosening 0 0
Anterior knee pain 3 3 Managed conservatively
Neurovascular complications 0 0
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we did encounter superficial infection and wound dehiscence in 
5 knees in NNG. 

Revision
Chaudhry et al. in a meta-analysis comparing TKA in obese, morbid 
obese, and superobese concluded that the risk of septic revision 
was increased with progressively higher BMI but the risk of aseptic 
revision was similar.43 We, however, did not encounter any aseptic 
loosening in our cases, although one case in each group was revised 
for septic loosening using a two-stage approach. Gopalakrishnan 
et al. have recommended the use of a tibial stem in obese patients 
to reduce the stress transfer to the implant cement interface.44 
We recommend the use of stem extenders in morbid obesity, 
osteoporosis, and those with associated bone defects.

Deep Vein Thrombosis and PE
There is a dearth of studies recommending anticoagulation 
protocols for preventing DVT/PE risks in obese patients. Sloan et al. 
in a study on TKA in obese patients found an association between 
obesity and increased risk of PE and not DVT. They also suggested 
that anticoagulation regimes reduce clinical DVT, but do not reduce 
fatal PE.45 Deep vein thrombosis was less in NG (1) as compared 
to 7 knees in NNG (Table 3) but we had a fatal PE in 3 patients in 
the NNG in the immediate postoperative period as compared to 
none in the NG. We attribute this to the use of navigation, which 
indirectly reduces mortality due to PE after TKA as the medullary 
canal is not entered.

Bilateral same-day TKA is considered a risk factor for developing 
complications in morbid obese and the odd ratios of complications 
like infection, respiratory failure, PE, and urinary tract infection 
increase with increasing weight.46 The “terrible triad of Obesity” 
which if present, a same-day bilateral TKR should be staged to 
avoid a second hit.

Our study is unique as the literature has a paucity of prospective 
randomized studies comparing the outcomes of TKR using 
navigation and without navigation in the obese. It consolidates 
the fact that navigation gives better outcomes in obese and also 
outlines the fact that obese patients are high-risk individuals for 
complications during and after TKR. The main drawback of our study 
is that only one observer had taken the readings which can lead to 
observer bias. Another bias (which was unavoidable) was the use of 
two different types of implants, with and without stem extenders. 
We recommend further long-term studies comparing the outcomes 
of TKR in morbid obese with and without stem extenders.

co n c lu s I o n
Navigation-assisted TKR in obese significantly improves the overall 
mechanical alignment and significantly reduces the coronal plane 
outliers compared to conventional TKR. Navigation marginally 
improves functional outcomes and range of motion, decreases 
morbidity by reducing blood loss and time to normalcy and better 
alignment reduces revisions in the near future. Navigation-assisted 
TKR in obese has shown a reduction in perioperative complications 
and it also indirectly reduces mortality by reducing the incidence 
of fatal PE.

However, further multicentric studies with larger sample sizes 
and longer duration of follow-up are advocated to see whether 
better alignment and function would translate into prosthesis 
survival in the long term.
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Ab s t r Ac t
Introduction: The cut surface of anterior cortex of the femur during a mechanically aligned total knee replacement resembles the top surface 
of a grand piano. It is said to be a reliable marker for correct rotational alignment of the femur.
 Robotics and CT-based 3D planning have sophisticated tools for manipulating the 3D bony template of the femur. Moreover, CT-based robotics 
and CT-based 3D planning require CT scans for all patients undergoing surgery. Previous studies have mentioned that the grand piano sign is 
a good indicator of the femoral component rotation, but is the change of shape significant and predictable for all changes in alignments and 
rotations?
Materials and methods: A retrospective study was conducted using 200 CT scans of patients undergoing total knee replacement surgery with 
CT-based 3D planning. A proprietary, interactive, surgery-planning and execution software developed by the lead author (MS) (Kne3wiz by Arthro 
3D LLP, http://www.arthro3d.com) was used for 3D reconstruction and planning. The system created a 3D bone model using AI segmentation. 
Results: A sizable percentage (>40%) of the knees had a single peak. When the single peaks were excluded from the analysis, the ratios dropped 
across all alignments and with varying degrees of flexion of the femoral component. These were tested for statistical significance using ANOVA. 
The ratios were found to be significant with a change in flexion of more than 2°. The p-values for flexion in the intramedullary axis at +3 and +5 
were both significant (p = 0.003 and p = 0.001, respectively).
 The difference in lateral peaks was highly significant for all changes in the flexion of the femoral component; whereas a change of 3 or more 
degrees of flexion of the femoral component was significant for the medial peak.
Conclusion: The ratios of the lengths of medial and lateral columns of the grand piano sign vary across different alignments. The changes in 
ratios and measurements are more a function of the femoral component flexion than varus-valgus or rotations of the femoral component. The 
difference in measurements among different alignments for the length of the lateral column is highly significant. This makes it a possible tool 
for validation for implant position in femur with preoperative CT-based 3D planning.
Keywords: Distal femur, Grand piano, Knee arthroplasty, Rotational alignment. 
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0008

In t r o d u c t I o n
The cut surface of the anterior cortex of the femur during a 
mechanically aligned total knee replacement resembles the top 
surface of a grand piano (Fig. 1). It is said to be a reliable marker for 
correct rotational alignment of the femur.1 Alternative alignments 
other than mechanical alignment are showing good promise as 
well. No external rotation of the femoral component is required 
when using kinematic alignment.2 Would that mean that there will 
be a change in the grand piano sign when the rotations are kept at 
zero and the femur is kept along its kinematic axis?

Recent studies have shown that the femoral anterior cortex cut 
varies with different alignments and has strong racial predilection.3 
There have been no Indian studies to validate the same.

Robotics and CT-based 3D planning have sophisticated tools  
for the manipulation of the 3D bony template of the femur. Using 
these systems, the cuts of the anterior cortex of the femur can be 
simulated on the same patient with different alignments and the ratios 
of the towers formed by the cut surface can be measured accurately. 
Moreover, CT-based robotics and CT-based 3D planning require CT 
scans for all patients undergoing surgery. This has led to a large pool 
of data which can be harnessed to further our understanding.

Evaluation of the above data can answer various questions such 
as How would the shape of the cut surface of the anterior cortex of 

the femur change with various alignments: changes in varus-valgus, 
flexion-extension, and external and internal rotation of femoral 
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component? Is the change in shape significant and predictable? 
Previous studies have already mentioned that the grand piano 
sign is a good indicator of the femoral component rotation, but is 
the change of shape significant and predictable for all changes in 
alignments and rotations?

MAt e r I A l s A n d Me t h o d s 
A retrospective study was carried out in a joint replacement center 
in Ahmedabad, Gujarat studying simulations on 200 CT scans of 
200 patients undergoing total knee replacement surgery with 
CT-based 3D planning. The study was approved by an independent 
Ethics Committee. All the patients had Kellgren-Lawrence type IV 
osteoarthritis of the knee. All consecutive patients from August 2023 

to August 2024 were included in the study. The only exclusions were 
patients who did not give consent for CT scans and bilateral cases.

Multislice CT scans were done on a Phillips CT scan machine 
(Phillips-3029A78, slice thickness 2 mm, spacing between slices 
1 mm, data collection diameter 500 and KVP 120) from the hip to 
ankle preoperatively. Informed consent was taken for 3D CT scan. 
A proprietary, interactive, surgery-planning and execution software 
developed by the lead author (MS) (Kne3wiz by Arthro 3D LLP, http://
www.arthro3d.com) was used for 3D reconstruction and planning. A 
3D bone model was created by the system using AI segmentation. 
Various anatomical landmarks were marked on the 3D model using 
simultaneous images from coronal, sagittal, axial, and 3D surface 
rendering by one of the authors (DS). The desired implant was placed 
on the femur in the desired position by him and that position was 
marked. Using that position as a reference, the following positions 
were considered: (a) restricted kinematic alignment: femur in 3° 
valgus and 0 external rotation with three different flexions: (i) along 
intramedullary axis (IM), (ii) IM + 3° flexion and (iii) IM + 5° flexion; 
(b) mechanical alignment: femur in 0° valgus and 3 degrees external 
rotation with three different flexions: (i) along intramedullary axis (IM), 
(ii) IM + 3 degrees flexion and (iii) IM + 5° flexion; (c) varus alignment: 
femur in 3 degrees varus and 3° external rotation with three different 
flexions: (i) along intramedullary axis (IM), (ii) IM + 3° flexion and (iii) 
IM + 5° flexion. Thus, nine different positions were studied (Fig. 2). 
In each of them, the length of the medial and lateral peaks of the 
cut anterior surface of the femur was noted. The calculations were 
performed as the shortest distance to the cut edge of the anterior 
chamfer cut from the respective medial and lateral peaks. An image 
of the different measurements was taken. Three of the authors (DS, 
IP, MP) individually validated all the images of the 200 patients to 
confirm the measurements, and all the measurements were found 
to be in order.

Fig. 1: The top view of a grand piano and the shape of the cut surface 
of the anterior cortex of the distal femur

Fig. 2: Simulated cuts on the anterior surface of the distal femur. The intramedullary axis (IM axis) for this patient is in 2.5° of flexion compared with 
the mechanical axis. Hence, the flexion angles for the femoral component have been taken as 2.5 (IM axis), 5.5 (IM axis + 3) and 7.5 (IM axis + 5).  
The transverse axis represents the junction of the anterior cut with the anterior chamfer cut of the distal femur. In a 2D image it can be difficult 
to visualize and hence was marked elaborately by the software during the processing of the CT scan

http://www.arthro3d.com
http://www.arthro3d.com
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re s u lts
The ratio of the medial to lateral peak of the cut surface of the 
anterior femoral cortex was measured (Table 1). Single peaks were 
considered as having a ratio of 1. Statistical analysis was performed 
using ANOVA test with Microsoft Excel. The change in the ratios 
between rKinematic alignment and varus alignment was found to 
be statistically significant (p = 0.001).

A sizable percentage of the knees had a single peak (Table 2). 
The percentages were not significant across the various alignments 
but were significant for varying degrees of flexion of the femoral 
component. The p-values were less than or equal to 0.001 for all 
three varying degrees of flexion of the femoral component. Hence, 
the incidence of the single peak is a function of the degree of flexion 
of the femoral component.

When the single peaks were excluded from the analysis, the 
ratios dropped across all alignments and with varying degrees 
of flexion of the femoral component (Table 3). These were tested 
with ANOVA for statistical significance. The ratios were found to be 
significant with a change in flexion of more than 2°. The p-value for 
flexion in the intramedullary axis to flexion of +3 and +5 were both 
significant (p = 0.003 and p = 0.001, respectively).

After comparing the ratios, we compared the difference 
in lengths of the medial and lateral peaks in millimeters (mm) 
among various positions (Table 4). The change across the height 
of the lateral column was very significant statistically as derived 
by the ANOVA test. All of them had a p-value less than 0.0001. The 
change in the height of the medial column was much smaller and 
not statistically significant.

We also compared the difference in peaks in mm across the 
varying degrees of flexion of the femoral component. Here also, the 
difference in the lateral peaks was highly significant for all changes 
in flexion of the femoral component; whereas change of 3 or more 
degrees of flexion of the femoral component was significant for 
the medial peak.

dI s c u s s I o n
The grand piano sign for the cut anterior surface of the distal 
femur with its medial and lateral peaks has shown fairly similar 

results across Southeast Asia. Table 5 presents the different studies 
published in the last 20 years from Southeast Asia with different 
modalities like CT and MRI. All of them have a ratio of the lengths of 
the medial and lateral peaks of the grand piano around 0.6. 

The difference between alignments also is similar across the 
different South Asian countries as given in the table.

In our study, at least one in five knees (~21%) had a single 
peak. This was the same across all alignments but was a significant 
function of the flexion of the component. When the cut was taken 
flush to the cortex, it was a single peak in close to half the knees. But 
that dropped to almost 1 in 10 when the femoral component was 
kept in slight flexion to the intramedullary axis. This finding has not 
been reported in any of the previous studies. Moreover, whenever 
there was a single peak, the ratio of the medial and lateral columns 
is considered as 1. This confounds the results, though the results 
matched exactly with those published in other works in different 

Table 1: Ratio of medial and lateral peaks

Alignment IM IM + 3 IM + 5 Avg.
Freq. of single 

peaks (%)
rKinematic alignment 0.64 0.61 0.63 0.628 21
Mechanical alignment 0.61 0.54 0.57 0.575 21
Varus alignment 0.59 0.54 0.57 0.567 20.7

Table 2: Percentage of single peaks
Alignment IM IM + 3 IM + 5 Avg.
rKinematic alignment 42.5 8 12.5 21
Mechanical alignment 44 9.5 14 21
Varus alignment 42 9.5 13.5 20.7

Table 3: Ratio of medial and lateral peaks
Excluding single peaks IM IM + 3 IM + 5 Avg.
rKinematic alignment 0.38 0.58 0.57 0.53
Mechanical alignment 0.31 0.49 0.50 0.45
Varus alignment 0.31 0.50 0.51 0.46

Table 4: Alignment and difference in peaks in mm
p-value 

Between alignments
IM IM + 3 IM + 5 ANOVA test

Med Lat Med Lat Med Lat Med Lat
rKine v/s Mech –0.7 6.01 –0.8 2.63 –0.4 1.37 0.03 <0.0001
rKine v/s Varus –0.7 4.07 –0.7 –21.2 –2.74 –25.8 0.01 <0.0001
Mech v/s Varus –0.1 –1.9 –0.1 –0.8 0 –0.6 0.92 <0.0001

Table 5: Different regional studies
No. Year Author Country Inv N Ratio
1 2006 Cui WQ et al.4 Korea CT  50 0.6
2 2018 Ohmori et al.5 Japan CT  50 0.62–0.67
3 2018 Kim et al.6 Korea CT  60 0.73–0.76 for KA, 0.57–0.63 for MA
4 2021 Cho BW et al.7 Korea MRI 267 0.63
5 2023 Yasuhiko Kokubu et al.8 Japan CT 120 0.57–0.64 for KA, 0.53–0.57 for MA
6 2023 Kim et al.9 Korea CT 234 0.61
7 2024 Present study India CT 200 0.61–0.64 for rKA, 0.54–0.61 for MA
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countries. When the single peaks are removed from the analysis, 
the results change. Also, this is the first study to report this change 
in values. Though, all the previous studies have had similar ratios 
of single peaks.

The change in the ratios between rKinematic alignment and 
varus alignment was found to be statistically significant (p = 0.001). 
But the range is fairly wide. The range for ratios of rkinematic 
alignment is 0.08–2.2 while the range for varus alignment is 
0.01–2.44. Due to this huge overlap of values, the use of direct 
measurement during surgery would not be very reliable to predict 
any alignment or the degree of flexion of the femoral component.

Ours is the first study to measure the difference in millimeters 
for the length of the peaks of the grand piano sign. The difference in 
millimeters across various alignments and varying degrees of flexion 
of the femoral component has been found to be significant. But, 
more importantly, a minimum difference of 2 mm is noted across 
all measurements for every individual knee. Hence, they would 
be easily reproducible on the table, if the primary measurement 
for that knee is known preoperatively. There is a linear and 
predictable, symmetrical progression of decrease in lengths when 
flexion of the femoral component is increased (Table 6). There is an 
exponential progression with a decrease in medial column length 
and an increase in lateral column length as rotation of the femoral 
component is increased (Table 4). Varus-valgus orientation has a 
small effect on the change in lengths of columns. Yasuhiko Kokubu 
et al.8 also had similar results for change in varus- valgus alignments. 
They showed that the variations are smaller in valgus knees but the 
grand piano sign does have the same ratios.

In the era of CT-based planning, this can be a vital measurement 
for cross-check across alignments and degrees of flexion. The length 
of the peak from the top of the anterior chamfer cut to the top of 
the peak is devoid of cartilage and other soft tissues, making it a 
reliable measure for preoperative CT scan assessment. Probably, 
it would work equally well as an intraoperative measurement, but 
it was beyond the scope of the present study. Using the grand 
piano sign and its measurements in an individual patient can 
help a surgeon move from CT-based planning to execution with 
a cross-check based on the different lengths of the peaks of the 
grand piano sign. It would ensure accuracy without the need for 
capital-intensive investments like navigation or robotics. Further 
studies to document this capability would be warranted.

The limitation of this study was that it has been a retrospective 
study to see the changes in the grand piano sign. A prospective 
study is needed to see whether the calculated measurements 
on the CT reflect those which are found on the table. Also, a 
postoperative CT may be necessary to check the final orientation of 
the implant to confirm whether it co-relates with the preoperative 
as well as the operative measurements. However, this study opens 
up the possibility of using these measurements as a validation tool 
for implant position in the femur.

Maybe, in the era of 3D planning, the melody of the grand 
piano will play again.

co n c lu s I o n
The grand piano sign in Indian patients has similar ratios to what has 
been documented across various other studies in Southeast Asia. 
The ratios of the lengths of medial and lateral columns are different 
for different alignments. The change in ratios and measurements is 
more of a function of the femoral component flexion than varus-
valgus or rotations of the femoral component. The difference in 
measurements among different alignments for the length of the 
lateral column is highly significant. This makes it a possible tool for 
validation for implant position in femur with preoperative CT-based 
3D planning. Further studies are warranted.
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Ab s t r Ac t
 Total knee replacement (TKR) is a surgical procedure to alleviate pain and restore function in patients with severe knee arthritis or other debilitating 
knee conditions. The success of TKR is influenced by various factors, such as component position, alignment, implant size, soft tissue balance, and 
the surgeon’s technique, expertise, and experience. Computer-aided techniques like navigation and robotics have been increasingly adopted 
to enhance precision. Augmented reality (AR), which integrates real-world information with virtual data, is emerging to enhance surgeons’ 
capabilities by providing augmented medical information, leveraging deep learning and artificial intelligence. Augmented reality is believed 
to increase precision and improve patient outcomes. The article discusses AR technology’s potential benefits, applications, and challenges in 
TKR. While AR shows promise and could revolutionize orthopedic surgery by improving the understanding of 3D anatomical relationships and 
precise implant positioning, it is still not widely used. Future advancements are necessary to address existing challenges, and well-designed 
randomized trials with standardized outcomes are needed to compare AR technology with current navigational systems in knee replacements.
Keywords: Augmented reality, Implant, Total knee arthroplasty.
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0004

In t r o d u c t I o n 
Total knee replacement (TKR) is a common surgical procedure 
that alleviates pain and restores function in patients with severe 
knee arthritis.1 The outcome of a knee replacement depends on 
multiple factors, including component position, alignment, implant 
size and adequate soft tissue balance. The surgeon’s technique, 
expertise, and experience all play a role in how precisely the 
implant is positioned. There has also been a rise in incorporating 
computer-aided techniques such as navigation and robotics to 
improve accuracy.2–4 

Augmented reality (AR) means real-world information 
augmented with virtual information. It enhances surgeons’ 
capabilities by providing augmented medical information.5 
Augmented reality technology involves deep learning and artificial 
intelligence. Proponents of AR believe that it increases precision 
and improves patient outcomes.

This article will cover the use of AR technology in total 
knee replacement, including its benefits, applications, and  
challenges.

AR in Knee Replacement 
The surgeon acquires 2D information through a normal radiograph 
or CT scan and maps it to 3D anatomy. Augmented reality provides 
surgeons with real-time, interactive visual guidance during the 
procedure by overlaying digital information onto the real world. 
Augmented reality helps surgeons in preoperative planning and 
implant orientation. Augmented reality has been used in different 
types of orthopedic surgery like vertebroplasty, intramedullary 
nail, complex pelvis and acetabulum fracture, sacroiliac screw, high 
tibial osteotomy, tumor surgery, spine surgery and acetabular cup 
placement in hip replacement.6–9

Since 2000, researchers and companies have been investigating 
the application of AR in TKR surgery; however, its maturity has 

advanced considerably in the past decade. Next AR TKA, which 
received federal drug authority (FDA) clearance in 2020, employs 
a preoperative CT scan of the patient’s knee for surgical planning. 
During the procedure, augmented reality glasses enable the 
orthopedic surgeon to see the knee’s structures and monitor progress 
in real-time directly in the surgical field, eliminating the need to glance 
at a computer screen. In 2022, Dr Vigdorchik performed the first AR 
knee replacement at the Hospital for Special Surgery in the USA. 

In TKR, AR systems utilize preoperative imaging data (CT 
scans) to create a virtual 3D model that aids in assessing damaged 
cartilage and planning bony cuts for precise implant placement. 
During the process, sensors affixed to the leg offer data on ligament 
tension, and the surgeon uses AR glasses to view the knee in three 
dimensions.

Several AR technologies are currently being developed and 
implemented in TKR procedures:

Head-mounted Displays (HMDs)
Augmented reality glasses or AR headsets that surgeons wear show 
relevant digital info in front. As a result, these head rigs can provide 
real-time guidance and visualization that allow for accurate tracking 
during all stages of the procedure.
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AR-integrated Surgical Robots
Augmented reality systems with robotics help surgeons achieve 
accurate implant placement. These systems combine the precision 
of robotics with the intuitive guidance of AR, enhancing overall 
surgical accuracy.

Mobile Device or Tablet
Augmented reality systems use smartphones or iPads to project 
augmented images onto the patient’s knee. Operating surgeons 
can change the device’s orientation to view different angles and 
obtain information about the procedure.

Potential Advantages of AR in TKR
Improved Precision and Accuracy
Augmented reality offers surgeons intricate, three-dimensional 
visualizations of the patient’s knee anatomy, aiding in the precise 
alignment and placement of implants. This accuracy helps mitigate 
the risk of malalignment, a frequent cause of implant failure and 
subsequent revision surgery.10

Castellarin G et al. reported on the outcomes of 76 total knee 
replacement surgeries using AR, comparing preplanned and 
achieved varus and slope cuts. They discovered that the varus and 
slope angles achieved with AR closely matched the preplanned 
angles, with less than 1% error, which was not statistically significant. 
Additionally, there was a minimal delay in the overall surgery 
duration when using AR.11 

The NextAR TKA system measures the strain on the medial 
and lateral collateral ligaments across the full range of motion, 
rather than focusing only on the mediolateral gap. The length of 
the collateral ligament is measured with the knee in full extension 
before any bone cuts are made. This measurement is a reference 
for the remainder of the procedure and is used to accurately restore 
the ligament tension using AR technology. It also ensures the tibial 
component reaches the desired rotation.12

Image-based AR technology achieves accurate alignment in 
the sagittal and coronal planes compared to imageless technology, 
which lacks precision in the tibia’s sagittal alignment.13 The pilot 
study of Iacono V et al. concluded that the AR system is effective 
for knee alignment and could be a viable alternative to other 
technologies, such as navigation. However, further research is 
needed to determine its cost-effectiveness.14

Cutting errors can still occur even when using computer-
assisted surgery (other than AR). However, these errors can be 
minimized with augmented reality, which provides a precise 
alignment assessment.15 In total knee arthroplasty, an augmented 
reality-based system ensures precise rotational, coronal, and 
sagittal alignment for both tibial and distal femur resections, 
offering greater accuracy than conventional knee replacement 
methods.16,17 Unlike navigation and robotics, the key advantage of 
augmented reality is that it allows surgeons to maintain their focus 
on the surgical field without looking away.

Improved Surgical Outcomes
Augmented reality is supposed to improve the precision of implant 
position, so patients may potentially experience faster recovery 
times and better function. Shim GY et  al. conducted a study 
comparing AR-based rehabilitation to conventional rehabilitation. 
They divided 56 participants into two groups, each undergoing 
12 weeks of rehabilitation. The traditional rehabilitation group 
performed home-based exercises, while the AR group received 

exercise instructions displayed on a monitor with real-time 
feedback. The study concluded that AR-based rehabilitation 
leads to better functional outcomes, pain relief and quality of life, 
making it a superior alternative to conventional rehabilitation.18 
A systematic review by Wang indicated that technology-assisted 
rehabilitation leads to a modest improvement in pain in total 
knee arthroplasty. However, the review primarily focused on 
telerehabilitation and did not include AR.19

Enhanced Training and Education
Augmented reality is essential for surgical education and training. 
It allows trainee surgeons to rehearse intricate procedures within a 
simulated setting, enabling them to build confidence and acquire 
hands-on experience before performing real surgeries. Augmented 
reality-guided simulations effectively connect theoretical 
knowledge with practical skills.

Mastering surgical skills and complex procedures is a lengthy 
process, but AR aids trainees in understanding 3D anatomy and 
instrumentation. This technology offers an interactive learning 
experience and improves training in knee arthroplasty.

Reduced Surgical Time
Augmented reality provides immediate feedback, avoids repeated 
adjustments, and potentially reduces the duration of the procedure. 
This minimizes the anesthesia time and increases the operation 
room utilization time. Reducing surgical time has the benefit of 
minimizing both the duration of anesthesia and its risks. Shorter 
surgeries also lead to less blood loss, a lower risk of infection, and 
improved operating room utilization.20 

Reduce Intraoperative and Postoperative Malalignment
The hypothesis is that AR will help achieve precision of implant 
position, reducing the chance of competent malalignment, 
especially rotation of components, and postoperatively improving 
range of motion and function. However, it is a new tool on the 
market and needs further research.

Challenges 
Although AR looks promising for improving the accuracy of implant 
positioning in TKR, there are several challenges to overcome:

• Technical limitations: Devices used in AR, such as HMDs and 
smart glasses, may have limitations in battery life, field of view 
and resolution. In addition, it can be challenging to integrate AR 
software with current imaging systems for CT and MRI scans. 
Accurately overlaying digital data in the surgical field is crucial.21 
The processing of this AR data requires significant computing 
power, a lack of which can cause latency and disrupt the surgical 
workflow, leading to a lack of accuracy and complications. 
Augmented reality relies on markers attached to the patient or 
the operating table; these must remain stable throughout the 
procedure for successful surgery. Hardware or software failures 
can be challenging to address intraoperatively, and backup 
systems must be in place if the technology fails.

• Surgeon comfort: Extended use of AR devices can cause 
postural and visual fatigue.22 Augmented reality generates 
images at a fixed focal length, resulting in a difference between 
focus and divergence points.22–25 This is known as vergence-
accommodation conflict, causing eye fatigue and headaches.22 
This can initially disrupt established practice, leading to longer 
operating times. In addition, some studies have reported that 
using HMDs might cause motion sickness.26
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• Expensive: The cost-to-benefit ratio is the main limitation for 
many healthcare systems.24 This is further compounded by 
ongoing maintenance and updates. However, AR proponents 
argue it is cost-effective compared to robotic and navigational 
systems.27 The FDA-approved ViSAR employs Microsoft 
HoloLens 2 (HMD) for guidance during spine surgery, which 
costs $3500 compared to $1.36 million for robotic systems.12,28

• Ethical concern: Concerns exist regarding collecting and 
processing sensitive patient data using AR systems.25 Lack of 
privacy has been a recent concern with AR; therefore, complying 
with data protection regulations is crucial. Also, if there is 
a breach of data, it is a dilemma of who will be responsible 
hospital, the surgeon, or the company.

If the AR system does not function well, it may affect patient 
outcomes and safety. Augmented reality surgeons also need 
proper training to avoid errors and achieve good outcomes. 
There should be ongoing research and monitoring to assess 
the long-term effects of AR on patient outcomes and overall 
healthcare quality. Ethical concerns may arise if the technology is 
used before sufficient evidence supports its long-term benefits.

• Compatibility: Healthcare databases often need to be more 
compatible between hospitals. Augmented reality performance 
depends on data, and regulatory authorities must invest in data 
infrastructure, such as the standardization of electronic health 
records.29 Unstructured data can lead to misleading results.30

• Integration with clinical workflow: Current systems require 
complex patient–AR system registration. This relies on external 
navigation systems that can pose problems with line-of-sight, 
thus restricting the surgical team’s freedom of movement.24 
A significant level of user engagement is needed to overcome 
the ill-posed registration challenge, which can disrupt workflow 
and reduce theater efficiency.24 It is crucial that AR systems 
seamlessly integrate without causing delays or additional steps. 

Outcomes
Bennett KM et al. used augmented reality on 18 patients for total 
knee arthroplasty, demonstrating accurate coronal alignment 
with a low malposition rate, though some sagittal alignment 
outliers were observed. The study found a learning curve, as 
operative time decreased significantly with experience, while 
accuracy remained consistent throughout.31 Augmented reality 
was evaluated as a surgical tool in total knee arthroplasty, focusing 
on the accuracy of tibial cuts and surgery duration. In a study of 76 
patients, AR-guided tibial cuts with minimal time were added to the 
procedure and showed mean differences of 0.59° for varus angles 
and 0.70° for slope angles. Most cases had differences of less than 
1°, demonstrating excellent accuracy.11 

Future Directions
Augmented reality technology is on the rise and could transform 
the future of orthopedic surgery, and although it has shown 
potential, it is still far from widespread use. It is a useful tool to aid 
in our understanding of 3D anatomic relationships and the location 
of deeper structures.9 Future developments will likely improve 
precise implant positioning, particularly in patients with advanced 
arthritis, who want to achieve a well-balanced knee. Compared to 
the navigation systems used today, AR may prove to be a better 
alternative as it is more portable. Future developments in AR must 
overcome the existing challenges for us to adopt this in our daily 
clinical practice. Well-designed randomized trials with standardized 

outcomes are needed to compare AR technology with conventional 
or current navigational knee replacements. 
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Ab s t r Ac t
Background: The incidence of femoral neck fractures is increasing among the geriatric population due to longer life expectancy, necessitating 
effective management strategies. Bipolar hemiarthroplasty is commonly used for intracapsular fractures in elderly or neglected cases, despite 
well-documented complications such as infection, implant loosening, and dislocation. 
Methods: This case series presents four patients with an unusual complication: Late spontaneous dissociation of bipolar hemiarthroplasty 
components. The inner articulating component separated from the outer implant after 7–14 years postsurgery, causing compromised hip 
function and requiring revision surgery. Clinical presentations, radiographic findings, and management strategies, including conversion to 
total hip arthroplasty (THA) are detailed.
Results: Radiographic evaluations confirmed dissociation of the bipolar components in all cases, prompting surgical intervention. Postoperative 
recoveries were generally uneventful, with patients experiencing significant pain relief and improved mobility. 
Conclusion: Late spontaneous dissociation of bipolar hemiarthroplasty components is an extremely rare complication, rarely reported in the 
literature. This series highlights its clinical significance, discusses potential risk factors, and underscores the necessity of rigorous postoperative 
care and follow-up. Not many cases of late bipolar dissociation have been described in the literature worldwide. 
Keywords: Bipolar, Dissociation, Hemiarthroplasty, Neck femur.
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0007

In t r o d u c t I o n
Femoral neck fractures in the geriatric age group are increasing 
in numbers as their life expectancy is on the rise.1 Bipolar 
hemiarthroplasty is more popularly used than unipolar prostheses 
for cases of intracapsular fractures in elderly or neglected cases. 
While complications such as infection, implant loosening, and 
dislocation are well-documented and have been extensively 
studied, this case series involving 4 patients emphasize an 
uncommon and distinctive complication: The dissociation of the 
bipolar hemiarthroplasty components.2–4 This occurrence involves 
the separation or dislodgment of the inner articulating component 
from the outer implant, leading to compromised hip function and 
necessitating revision surgery.

Spontaneous late dissociation of bipolar components is an 
exceptionally rare complication of bipolar hemiarthroplasty and 
has hardly been reported in the present literature. The reported 
cases were mostly earlier designs with leaflets instead of the 
modern locking ring design and were thought to be due to varus 
malposition of the femoral head.5 Georgiou et al. reported 5 cases, 
3 of which had early dissociation of the femoral head and outer 
component following attempted closed reduction after dislocation 
of the whole bipolar prosthesis like a bottle opener effect. One had 
damage to the locking mechanism after 2 months of surgery and 
only 1 case of late spontaneous dissociation (Link prosthesis) after 
10 years without any injury.6 The sudden onset of pain and limp in 
a well-functioning bipolar replacement should not be ignored and 
raise suspicion of component dissociation.

We hereby present four cases of late spontaneous component 
dissociation in patients following bipolar hemiarthroplasty, 
highlighting the clinical presentation, radiographic findings, 
and management of this uncommon complication. All the 

patients presented with pain after 7–14 years of index surgery 
and were asymptomatic in the intervening period. Through the 
detailed examination of these cases, we aim to contribute to the 
understanding of this rare occurrence, provide insights into its 
potential risk factors, and emphasize the importance of vigilance in 
postoperative care and follow-up for patients who undergo bipolar 
hemiarthroplasty. To our knowledge, only a few cases of such late 
presentation of bipolar component dissociation have previously 
been reported in the literature (Table 1).
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cA s e de s c r I p t I o n

Case 1
A 60-year-old female presented to our hospital with complaints of 
left hip pain and difficulty in walking for the past 3 months, with 
no history of recent trauma. The intensity of the pain had increased 
significantly in the past 1 month and she was unable to walk. She 
had no history of diabetes or hypertension and had undergone a 
bipolar hemiarthroplasty for a left hip femoral neck fracture 10 years 
ago by the senior author himself. The patient was asymptomatic 
for 10 years, was entirely self-sufficient in day-to-day activities, and 
could ambulate without assistance before developing the pain. 
There was no neurovascular deficit. On the initial X-rays and CT scan, 
dissociation of the components of the bipolar hemiarthroplasty, 
with inferomedial displacement of the acetabular cup component 
was observed (Figs 1 and 2). There was no evidence of fracture or 
loosening of the femoral component of the prosthesis.

The patient was planned for conversion of bipolar hemiar-
throplasty to total hip arthroplasty (THA). The patient was positioned 
in the lateral decubitus position and a posterior approach to the left 
hip was utilized. After opening of the capsule, the head was found to be 

dissociated, with the polyethylene component also being separated 
from the liner (Fig. 3). The polyethylene liner was found to be eroded 
especially in the posterosuperior part, which had most probably 
caused a late dissociation of the hemiarthroplasty (Inor). A significant 
amount of debris was present between the polyethylene liner and 
metal head and also around the implant (Fig. 4). The acetabulum 
was eroded at multiple places, the maximum defect measuring 2 ×  
2 cm. Also, the metal head was abutting the acetabulum causing 
erosion of the superior acetabulum. The patient most probably had 
an undiagnosed dissociation 1 month back and was walking on the 
smaller metal head.

The stem bone junction was cleared and was found to be well 
fixed. A pocket was made in the anterosuperior area above the 
acetabulum. The stem was placed in this pocket and a retractor 
was used to push it anteriorly along with the femur for acetabular 
exposure. The debris was removed, and a thorough curettage of the 
acetabulum was done. Lytic lesions were present in the acetabulum 
which were 1–2 cm wide and around 1 cm in depth. These defects 
were filled with commercially available artificial bone grafts. A 
cemented acetabular component was placed while retaining the 
original femoral stem (Fig. 5).

There were no postoperative complications, and the patient 
was discharged 5  days after the surgery. The patient remained 
asymptomatic for 2 weeks following which she developed swelling 
and serous discharge from the incision site. Intravenous antibiotics 
and anti-allergics were started. The culture report of the discharge 
aspirate came out to be sterile and the patient’s blood counts were 
normal. The symptoms resolved within a few days and were most 
probably due to an allergic reaction to the implant/artificial bone 
graft.

At 1st month follow-up, no complications were observed, and 
partial weight-bearing was allowed using a walker. At 3rd month 
follow-up, she was able to walk without any restrictions and was 
able to return to her day-to-day activities (Figs 6 to 8).

Case 2
An 88-year-old female presented with hip pain for the last month and 
difficulty in walking for 2 weeks, with no history of recent trauma. 

Table 1: Recently published articles on bipolar hemiarthroplasty dissociation
Author name Year of publication Number of patients Type of injury and duration from primary surgery
Vasileios A, Spyridon P 2022 1 Component dissociation following mobilization out of bed (10 years)
Hüseyin Fatih Sevinç 2021 2 Patient 1: Component dissociation following trivial trauma (10 months)

Patient 2: Component dissociation following reduction of posterior 
dislocation (NA)

Saini MK et al. 2020 1 Component dissociation following reduction of posterior dislocation 
(3 weeks)

Bian et al. 2019 4 Component dissociation following reduction of posterior dislocation 
(2 days–4 weeks)

Lee HH et al. 2008 1 Component dissociation following fall from chair (10 years)
Georgiou et al. 2005 5 Patient 1: Posterior dislocation with simultaneous dissociation while 

mobilizing out of bed (7 weeks)
Patient 2: Spontaneous dissociation with no history of trauma (10 years)
Patient 3: Component dissociation following reduction of posterior 
dislocation (1 month)
Patient 4: Component dissociation following reduction of posterior 
dislocation (3 years)
Patient 5: Spontaneous dissociation with no history of trauma (2 months)

Hasegawa et al. 2004 6 Spontaneous dissociation due to polyethylene wear (7.5 years: Range 
between 4.8 and 9.2 years)

Fig. 1: Preoperative X-ray: The acetabular component separated from the 
femoral component and lying inferomedially; inner head lying within 
the native acetabulum
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The patient had undergone a hemi-replacement arthroplasty for 
a femoral neck fracture in 2008 and was asymptomatic for the last 
14 years. The patient was severely osteoporotic. 

On initial X-rays and CT scan (Figs 9 and 10), dissociation of 
the components of the bipolar hemiarthroplasty was noted. A CT 
scan was ordered and the patient was planned for a conversion 
to THA. The patient was placed in the lateral decubitus position 
and a posterior approach to the left hip was used. On opening 
the hip joint a lot of dark-stained tissue was present around the 
metal head and neck junction (Fig. 11). The tissue was removed 
and was thought to be because of metallosis or polyethylene 
wear either due to taper corrosion seen on neck or rubbing of 
the displaced bipolar cup on the metal surface of the neck or 
metal head. The liner was damaged at the posterosuperior part 

and had led to the failure of the locking ring and the escape of 
the metal head. Also, some erosion of the neck was seen may be 
due to taper corrosion. Since it was superficial and the stem was 
cemented way down the femur, considering the patient’s age and 
severe osteoporosis decision was made to continue with the same 
well-fixed stem. Significant chondrolysis was noted on the 
acetabular cartilage. Erosion of the polyethylene component, as 
in the previous case, was the most probable cause for component 
dissociation (XLO implant). However, no bony erosions were found 
in this case.

The stem was placed in an anterosuperior pocket and retracted 
anteriorly along with the femur for acetabular exposure and 
reaming. A cemented acetabular cup was placed while retaining 
the original stem (Fig. 12). 

Fig. 2: Preoperative CT scan
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Partial weight bearing was started at 1 month, the patient was 
walking without any support at 3 months and the subsequent 
follow-ups remained uneventful (Fig. 13).

Case 3
A 73-year-old female with a documented history of rheumatoid 
arthritis presented with pain and an inability to bear weight on her 
right lower limb following a trivial fall while seated on the toilet. 
She had previously been ambulatory but experienced a sudden 
decline in mobility following this incident. Notably, the patient 
had a complex surgical history, having undergone a right bipolar 

Fig. 6: X-ray at 3rd month follow-up

Fig. 7: X-ray at 6th month follow-up

Fig. 3: Intraoperative photographs showing dissociation of bipolar prosthesis components

Fig. 4: Removed prosthesis with worn polyethylene insert and debris

Fig. 5: Immediate postoperative X-ray
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hemiarthroplasty 12 years ago for a femoral neck fracture, a total 
knee replacement on the left side 11 years ago, and a left hip bipolar 
hemiarthroplasty 10 years ago for another femoral neck fracture.

Radiographic evaluation revealed the dissociation of the bipolar 
components, with the inner head detached from the outer part 
(Fig. 14). The patient underwent a revision hemiarthroplasty with 
a long stem, along with cerclage wires, to address the dissociation 
and achieve stable fixation as the make of the original implant was 
not known and matching taper could not be procured (Fig. 15).

The patient’s postoperative recovery was uneventful, marked 
by a gradual improvement in pain and an incremental return 
of mobility. At the last follow-up appointment, the patient 
demonstrated significant progress, being ambulatory without 
assistance and capable of performing daily activities independently.

Case 4
The patient is a 60-year-old female who had undergone a bipolar 
hemiarthroplasty 7 years ago for a left femoral neck fracture 
(implant not known), presented with complaints of persistent 
pain and a noticeable limp on the left side for the last 2 months, 
prompting further investigation. X-rays were performed, revealing 
dissociation of the components of the bipolar hemiarthroplasty 
(Fig. 16). This dissociation likely contributed to the patient’s 
symptoms and compromised the stability of the prosthetic joint. 

The decision was made to proceed with a conversion to total 
hip replacement to address the issues associated with the existing 
prosthesis. On exposure the acetabular cup and femoral head 
components were disengaged and the polyethylene liner eroded, 
compromising the structural integrity of the prosthetic joint. The 
original femoral stem, however, exhibited secure fixation and 
was deemed suitable for retention. During surgery, retraction of 
the retained stem was encountered especially while reaming the 
acetabulum. A cemented acetabular cup was placed in the proper 
orientation (Fig. 17).

The postoperative course was uneventful. At the 1-month 
follow-up, no complications were noted, and the patient was 
permitted partial weight-bearing with the assistance of a walker. 
By the 6-month follow-up, she demonstrated significant progress, 
walking without limitations, and successfully resumed her normal 
daily activities (Fig. 18).

dI s c u s s I o n
Hip hemiarthroplasty is widely utilized in the management of hip 
fractures and degenerative hip conditions. The dissociation of hip 
hemiarthroplasty components is a relatively rare but noteworthy 
complication that warrants careful consideration and examination. 
While the overall incidence of dissociation of hip hemiarthroplasty 
components is low, it is essential to recognize that this complication 
is not entirely unheard of. Several isolated case reports and limited 
case series have documented similar occurrences, shedding light 
on the unique challenges it presents.

The initial documentation of dissociation dates back to 
1985 when a case of polyethylene breakage occurred during a 
Bateman bipolar hemiarthroplasty.5 This type of failure occurs 
at the interface between the leaflets and the main body of the 
bearing insert, specifically where the insert has a pronounced 
circumferential groove. When the outer cup is aligned in varus, 
stress is concentrated on this thin circumferential groove, ultimately 
causing failure.

There are variable mechanisms behind component dissociation. 
When trying closed reduction of a dislocated bipolar prosthesis, the 
cup gets locked on to the posterior acetabular rim while applying 

Fig. 8: X-ray at 1-year follow-up

Fig. 9: Preoperative X-ray showing component dissociation with 
inferomedial displacement of acetabular component

Fig. 10: Preoperative CT scan
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Fig. 11: Intraoperative photographs showing dissociation of bipolar prosthesis components, debris and placement of cemented acetabular 
component

Fig. 12: Postoperative X-ray

Fig. 13: X-ray at 6th month follow-up

Fig. 14: X-ray at presentation

Fig. 15: Postoperative X-ray
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limb traction and gets dissociated, often referred to as the ‘bottle-
opener’ effect.7 Lee et al. documented a dissociation incidence of 
13% (7 cases out of 55) during the process of manually reducing a 

dislocated bipolar hemiarthroplasty.8 Another potential mechanism 
involves intra-acetabular dislocation possibly caused by a deficient 
or faulty polyethylene locking ring.9 Another plausible mechanism 
involves the stress loading on the superior lateral segment of 
the polyethylene due to the varus positioning of the femoral 
component, potentially leading to dissociation.10,11 Apart from this, 
patient factors like high activity levels and design-related issues can 
also contribute to component dissociation.

In our cases, the cause of late dissociation was attributed to 
either frictional deformation of the polyethylene or possibly due 
to a reaction to the polyethylene component, causing failure of 
the locking mechanism. This led to the inner head becoming 
dislodged from the outer head, while the outer head retained 
its position within the acetabulum, in varus alignment (Type II). 
Debris originating from the rim of the polyethylene insert, causing 
disintegration of the bipolar mechanism, along with osteolysis and 
stem loosening has been reported in the past.12,13 However, no stem 
loosening was noted in our cases. Only 1 stem was revised due to 
taper mismatch and unavailability of the original implant.

The occurrence of late dissociation of components in bipolar 
hemi-replacement is an exceptionally uncommon complication. 
Although most reports concerning late component dissociation 
have attributed the problem to the reduction of a dislocated 
prosthesis, instances of spontaneous late dissociation have been 
exceedingly rare (Table 1). Vasileios A and Spyridon P reported a 
case of spontaneous late dissociation in a 68-year-old female 10 
years following the index surgery.14 Only one of the total 5 cases 
of dissociation reported by Georgiou et al. had a late spontaneous 
dissociation.6 In 2014, Hasegawa et al. reported the most extensive 
case series in the literature on late spontaneous component 
dissociation following bipolar hemiarthroplasty, comprising seven 
documented cases, with a mean duration of 7.5 years from the 
primary surgery.10 The failure of the self-centering system’s locking 
mechanism was attributed to extensive polyethylene abrasion at 
the rim, primarily caused by impingement and deformity of the 
locking ring. They categorized the dissociations into three types 
based on the position of the locking ring: Type I, where the locking 
ring is loosened but the femoral ball is not dislocated; type II, 
where the locking ring is loosened and the inner femoral head is 
dislocated; and type III, where the inner femoral head is dislocated 
but locking ring remains attached to the outer cup. Lee HH et al. 

Fig. 18: X-ray at 6th month follow-up

Fig. 16: Preoperative X-ray: The acetabular component separated from the femoral component

Fig. 17: Postoperative X-ray
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reported a case of late dissociation in a 72-year-old woman who 
had undergone bipolar hemiarthroplasty around 10 years ago after 
sustaining an injury after falling from a chair.15 They classified this 
as a type II failure.

When component dissociation does occur, open reduction 
remains the treatment of choice. The orthopedic surgeon 
should weigh the option of potential modifications to prosthetic 
components or, as demonstrated, conversion to THA. Adopting 
THA can address future alignment issues, which is particularly 
advantageous considering the typical age-group of these patients.

co n c lu s I o n
In conclusion, we report four cases of late spontaneous dissociation 
of bipolar hemiarthroplasty components, a rare but increasingly 
recognized consequence and the first such case report from 
the Indian subcontinent. Reduction maneuvers for dislocated 
prostheses should be approached with caution, performed under 
general anesthesia, and guided by fluoroscopic monitoring. 
Annual radiographic follow-up should be done for all patients 
and any early sign of dissociation should be picked up to prevent 
further complications. Late spontaneous dissociation, while rare, 
necessitates a nuanced understanding of the contributing factors 
and a tailored approach to management.
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Ab s t r Ac t
Introduction: Acromegalic arthropathy, a rare complication of acromegaly caused by excessive growth hormone (GH) production, primarily 
affects large joints, leading to pain, stiffness, and functional impairment. Unlike degenerative arthropathy, which is typically due to wear and 
tear over time, acromegalic arthropathy is driven by the overproduction of GH and insulin-like growth factor 1 (IGF-1), resulting in abnormal 
cartilage and bone growth. Effective management requires a multidisciplinary approach involving endocrinologists, rheumatologists, and 
orthopedic surgeons. With a prevalence of 40 to 70 cases per million and diagnosis typically between ages 40 and 50, treatment ranges from 
conservative early-stage measures to surgical interventions like total knee arthroplasty (TKA) in advanced cases. Despite extensive research, 
gaps exist in understanding long-term outcomes and treatment efficacy.
Case description: We present a unique and rare case of a 64-year-old female who was diagnosed with acromegalic arthropathy of both knees 
and managed with bilateral TKA. This case, due to its rarity, provides a valuable opportunity to delve into the complexities of this condition 
and its management.
Conclusion: Acromegalic arthropathy is a rare joint disorder. Successful outcomes following TKA highlight the effectiveness of surgery in 
severe cases, emphasizing the need for timely intervention. This underscores the importance of early diagnosis, empowering both patients 
and healthcare professionals to take proactive steps in managing this condition. The surgical steps and postoperative care are similar to those 
for other end-stage knee arthritis. A multidisciplinary approach is crucial for effective management.
Keywords: Acromegaly, Arthroplasty, Case report, Knee, Osteoarthritis.
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0002

In t r o d u c t I o n

Acromegalic arthropathy is a rare but debilitating complication 
of acromegaly, characterized by excessive growth hormone (GH) 
production and subsequent elevation of insulin-like growth factor 1 
(IGF-1). These hormonal imbalances lead to various musculoskeletal 
abnormalities, including the proliferation of cartilage and bone 
tissue. GH and IGF-1 stimulate chondrocyte proliferation and 
extracellular matrix production in the joints, which results in 
hypertrophic cartilage and abnormal joint growth. This process, 
over time, leads to joint space narrowing, osteophyte formation, 
and ultimately, the development of arthropathy.1 It is a progressive 
condition that primarily affects the large joints, leading to pain, 
stiffness, and functional impairment. A key aspect of successfully 
managing this condition is the multidisciplinary approach involving 
endocrinologists, rheumatologists, and orthopedic surgeons, which 
provides a comprehensive and holistic care plan.

Acromegaly leads to the enlargement of bones and soft tissues, 
which results in joint pain, stiffness, and deformities.2 Acromegalic 
arthropathy can significantly impact a person’s quality of life 
and mobility. As the condition progresses, individuals may experience 
difficulty moving their joints and develop deformities such as 
enlarged hands and feet.3 Treatment for acromegalic arthropathy 
focuses on managing symptoms and preventing further joint damage. 
It includes conservative treatment in the early stages and surgical 
intervention in moderate to advanced stages of arthritis.4

Acromegaly has a prevalence estimated between 40 and 70 
cases per million people, with an annual incidence of about 3–4 
cases per million. Diagnosis often occurs between 40 and 50, 
affecting both genders equally.5 Existing literature documents 

the prevalence, pathophysiology, and clinical manifestations of 
acromegalic arthropathy, but gaps remain regarding long-term 
outcomes, quality of life impacts, and comparative efficacy of 
therapeutic interventions.

This case report aims to address these gaps and provide a 
comprehensive overview of acromegalic arthropathy, including 
its etiology, clinical manifestations, diagnosis, and management, 
through the presentation and management of a 64-year-old female 
with bilateral knee arthritis.

cA s e de s c r I p t I o n
A 64-year-old female presented to us with bilateral knee pain for 
the last 20 years duration. It was insidious in onset, dull aching, and 
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gradually progressive. It subsided on taking medications and rest. 
Initially, it was limited to activities like climbing stairs, but now it 
has started involving her activities of daily living.

She was diagnosed with acromegaly (pituitary macroadenoma) 
20 years ago. Her GH and IGF-1 were raised. It was treated with 
endoscopic transsphenoidal hypophysectomy, but only partial 
excision of the tumor mass was possible. She later underwent 
Gamma-knife therapy for ablation of the remaining tumor mass. Since 
then, she has been on oral Prednisolone 2.5 mg once daily. Despite 
these interventions, she continued to experience musculoskeletal 
symptoms, which have progressively worsened over the years. 

It is important to note that the onset of her musculoskeletal 
symptoms occurred concurrently with her diagnosis of acromegaly, 
suggesting that the severity and progression of her arthropathy may 
correlate with the partial control of her acromegaly. This timeline 
emphasizes the connection between the duration and severity 
of her acromegaly and the development of her joint symptoms.

Her signif icant medical history, including childhood 
tuberculosis, glaucoma, and surgical procedures, provides a 
comprehensive context for her current condition. These conditions 

and surgeries may have contributed to the progression and severity 
of her acromegalic arthropathy, and understanding their role is 
crucial for a holistic approach to her management.

On general examination, she had coarse facial features, a 
prominent forehead, a prominent brow, prognathism (mandibular 
enlargement), a prominent forehead crease, and nasolabial folds. 
She also had thick eyelids, a large nose, and a large lower lip 
(Fig. 1). Macroglossia and widely spaced dentition were noted on 
examination of the oral cavity. She had acral enlargement, i.e., 
large hands with stubby fingers, large feet, and thick and rough 
skin (Fig. 2).

On physical examination, there was medial joint line 
tenderness. The range of motion (ROM) was 5–100° with palpable 
patella-femoral crepitus. There was no evidence of ligamentous 
laxity. There was no significant coronal or sagittal plane deformity. 
Her preoperative Oxford knee score was 18, while his Knee Society 
Score was 0—the clinical images of both lower limbs along with 
the knee joint shown (Fig. 3).

A series of X-rays were performed. X-rays of the knees showed 
an advanced hypertrophic pattern of osteoarthritic changes. 
Medial joint space reduction, along with multiple loose bodies, 
was noted. (Fig. 4).

X-ray of the skull revealed calvarial thickening, especially of 
the inner table, frontal bossing, enlarged paranasal sinuses, and 
an  enlarged  sella turcica. The mandible is also characteristically 
enlarged. The terminal phalangeal tufts become hypertrophied and 
have a spade-like appearance. Minimal joint space enlargement is 
noted (Fig. 5). A thorough preoperative assessment of other joints, 
particularly the spine and hip, was conducted using X-rays, which 
did not reveal any abnormality.

In addition to analgesics, the patient was also treated with 
somatostatin analogs following her initial diagnosis of acromegaly, 
which aimed to control the excessive GH and IGF-1 levels. These 
medications were intended to manage her underlying condition 
and potentially alleviate some of the musculoskeletal symptoms. 
However, despite these interventions, including medical 
management with somatostatin analogs, her joint pain and stiffness 
continued to progress, indicating a failure of conservative therapy.

The duration of conservative management, including both 
analgesics and somatostatin analogs, spanned several years. 

Figs 2A and B: Acral enlargement. (A) Large feet and thick, rough skin; (B) Large hands with stubby fingers. The arrow shows the hand of the 
patient’s daughter, which appears significantly smaller than her mother’s

Fig. 1: Frontal face view showing prominent forehead, crease, brow, 
mandibular enlargement, and nasolabial folds
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Figs 4A to C: X-rays of both knees showing advanced hypertrophic pattern of osteoarthritic changes, medial joint space reduction, and multiple 
loose bodies. (A) Antero-posterior view; (B) Lateral view of the left knee; (C) Lateral view of the right knee

Figs 5A and B: (A) X-ray of the hand (antero-posterior view) showing the terminal phalanx, which appears hypertrophied and spade-like; (B) 
X-ray of the skull (lateral view) shows frontal bossing, enlarged paranasal sinuses, and an enlarged sella turcica. Arrows show frontal calvarial 
thickening 

Figs 3A and B: Clinical images of both the knee joints. (A) Frontal view; (B) Side views
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However, as her condition continued to deteriorate, surgical 
intervention became necessary to manage her severe joint 
arthropathy.

Perioperative management of steroids in this case was carefully 
tailored to address the patient’s specific needs while mitigating the 
risks associated with glucocorticoid therapy. The endocrinologist 
worked closely with the surgical team to ensure optimal 
management of the patient’s steroid regimen. Preoperatively, the 
patient’s steroid dose was adjusted to reflect the increased stress 
of surgery, with a temporary increase in glucocorticoid dosage to 
mimic the body’s natural response to surgical stress and prevent 
adrenal insufficiency. During the surgery, a stress dose of intravenous 
steroids was administered to maintain adequate glucocorticoid 
levels and support physiological needs. Postoperatively, the steroid 
dose was gradually tapered back to the patient’s usual maintenance 
level. This approach aimed to balance the need for adequate 
adrenal support during the perioperative period while minimizing 
potential complications such as infection or delayed wound healing 
associated with steroid use. The careful management of steroids 
ensured the patient’s metabolic stability and supported a smooth 
recovery process.

As such, bilateral sequential TKA was offered and was agreed 
upon after informed consent. Preoperative workup revealed a 
bi-fascicular block. Preoperatively, a temporary pacemaker was 
implanted, and the surgery proceeded. A midline incision was 
made, followed by a medial parapatellar approach. Upon everting 
the patella, hypertrophied synovium, loose bodies, and calcific 
hypertrophic bone fragments were obtained (Fig. 6). The condyles 
were grossly enlarged. Also, both the menisci appeared thicker 
and broader. 

We evaluated the patient’s knee stability intraoperatively. As 
the patient did not exhibit any degree of ligamentous laxity, it was 
determined that a standard prosthesis with appropriate soft tissue 
balancing would be sufficient to achieve joint stability. Therefore, 
a hinged knee prosthesis was not immediately used. However, a 
hinged prosthesis was kept as a backup during the procedure to 
address any unforeseen instability issues that might have arisen 
during the surgery. A cemented posterior stabilized TKA (Opulent, 
MerilTM) was performed using conventional techniques (Fig. 7). The 
patella was also resurfaced. Intraoperative tissue samples were sent 
for histological analysis. 

During the surgery, several notable observations were made. 
Reaming of the medullary canal revealed a denser and potentially 

more sclerotic bone structure, which required careful technique 
to avoid excessive stress. The cortical bone showed increased 
thickness, potentially impacting the integrity and strength of 
the reaming process. The fitment of cutting jigs was slightly 
challenging due to the altered geometry of the femur and tibia, 
which necessitated careful adjustment to ensure proper alignment 
and stability. Additionally, there was a notable difficulty in soft tissue 
balancing, as the increased bone density and altered joint anatomy 
influenced the alignment and tension of surrounding soft tissues. 

With the same technique and implant as the right side, left 
TKA was performed under general anesthesia. The decision 
to proceed with simultaneous bilateral TKA was made after 
thorough deliberation. The patient had been suffering from severe, 
debilitating pain in both knees for two decades, with the pain 
progressively worsening to the point of significantly impairing 
her daily activities. Given the extent of the damage in both knees, 
addressing only one knee at a time would not have provided 
adequate relief, potentially prolonging her suffering and limiting 
her mobility. The decision to perform both TKRs simultaneously 
was also influenced by the desire to streamline her rehabilitation. 
A single recovery period would enable a more coordinated and 
efficient rehabilitation process, allowing for quicker restoration of 
function and independence, which is crucial in patients with chronic 

Figs 6A and B: Intraoperative images of the knee joint showing. (A) Hypertrophied synovium along with loose bodies and calcific hypertrophic 
bone fragments; (B) Excised synovium along with loose bodies (arrow)

Fig. 7: Intraoperative image of cemented TKA (Opulent, MerilTM) with 
patellar button in situ
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conditions like acromegaly. The decision was made in consultation 
with a multidisciplinary team, including the anesthesiologist, 
endocrinologist, and other relevant specialists. This collaborative 
approach ensured that all aspects of the patient’s health were 
considered, and the consensus was that a simultaneous bilateral 
TKR would provide the best outcome for this particular patient.

The operative findings were similar to those of the right knee. 
Postoperative X-ray showed good alignment of components (Fig. 8).

Perioperative management of steroids in this case was carefully 
tailored to address the patient’s specific needs while mitigating the 
risks associated with glucocorticoid therapy. The endocrinologist 
worked closely with the surgical team to ensure optimal management 
of the patient’s steroid regimen. Preoperatively, the patient’s steroid 
dose was adjusted to reflect the increased stress of surgery with a 
temporary increase in glucocorticoid dosage to mimic the body’s 
natural response to surgical stress and prevent adrenal insufficiency. 
During the surgery, a stress dose of intravenous steroids was 
administered to maintain adequate glucocorticoid levels and support 
physiological needs. Postoperatively, the steroid dose was gradually 
tapered back to the patient’s usual maintenance level. This approach 
aimed to balance the need for adequate adrenal support during the 
perioperative period while minimizing potential complications such 
as infection or delayed wound healing associated with steroid use. 
The careful management of steroids ensured the patient’s metabolic 
stability and supported a smooth recovery process.

The patient received compression stockings, mechanical 
calf pumps, and Inj low molecular weight heparin once daily as 
postoperative thromboprophylaxis. She underwent the same 
postoperative physiotherapy protocol as other TKA patients in the 
institution. Static quadriceps exercises and knee bending 0–90° 
were started on postoperative day (POD) 1, and then 0° to maximal 
flexion as tolerated from POD 2 onwards. Full-weight bearing was 
allowed immediately post-operation.

At 12 months of follow-up, she had a ROM of 0–110° bilaterally, 
with good function and no pain. However, she has been advised to 
have regular follow-ups to check the progress of her arthroplasty.

dI s c u s s I o n
Acromegaly arises from an overproduction of GH, primarily due 
to a pituitary adenoma. This tumor stimulates the production 
of GH, which, in turn, stimulates the liver to produce IGF-1. IGF-1 

is responsible for the growth-promoting effects of GH, including 
the development of acromegalic arthropathy.6 Acromegalic 
arthropathy primarily affects the large joints, such as the hips, 
knees, and shoulders.3 Over time, the affected joints may become 
deformed, resulting in loss of function and mobility.

In patients with acromegaly, bone strength and bone mineral 
density (BMD) are often affected due to chronic exposure to 
elevated levels of GH. Although acromegaly is typically associated 
with increased bone density in some areas, the overall impact 
on bone strength can be complex. Elevated GH levels stimulate 
excessive bone formation, leading to increased trabecular 
bone density, but this is not always accompanied by improved 
bone quality. The excessive bone turnover and abnormal bone 
remodeling seen in acromegaly can result in a compromised 
bone matrix and increased risk of fractures despite higher BMD 
measurements. Thus, while patients with acromegaly may present 
with seemingly higher BMD, bone strength and structural integrity 
can still be significantly impaired, necessitating careful monitoring 
and management to address potential bone-related complications.7

The diagnosis of acromegalic arthropathy is based on clinical 
features, imaging studies, and laboratory tests. X-rays, magnetic 
resonance imaging (MRI), and computed tomography (CT) scans 
can help visualize joint changes and assess the severity of the 
disease.8 The GH and IGF-1 levels can help confirm the diagnosis 
of acromegaly and monitor disease progression.

Managing acromegalic arthropathy involves a multidisciplinary 
approach, including endocrinologists, rheumatologists, and 
orthopedic surgeons. Medical treatment includes using 
somatostatin analogs, dopamine agonists, and GH receptor 
antagonists, which can help control GH and IGF-1 levels, thereby 
reducing joint symptoms.9 Intra-articular corticosteroids or 
hyaluronic acid injections may temporarily relieve joint pain and 
inflammation. Physical therapy can help improve joint mobility, 
strengthen muscles, and reduce pain. In severe cases, joint 
replacement surgery may be necessary to restore function.10

Akkaya et al.,11 in their study on acromegalic arthropathy on 15 
patients (22 hips) with a mean follow-up of 12 years (range 4–20), 
concluded that total hip arthroplasty (THA) could result in successful 
clinical and functional outcomes in patients with acromegalic 
arthropathy of the hip. It is worth mentioning that after an extensive 
search of the electronic database, there was no published literature 

Fig. 8: Postoperative images of the knee joint showing anteroposterior and lateral views of both knees 
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on TKA on acromegalic arthropathy of the knee. Hence, this study 
is the first of its kind.

co n c lu s I o n
Acromegalic arthropathy is a rare disorder that directly affects bones 
and joints. The successful clinical and functional outcomes observed 
following TKA in this patient underscore the potential effectiveness 
of surgical intervention in managing severe acromegalic 
arthropathy. These findings have important implications for clinical 
practice, emphasizing the need for heightened awareness and 
timely intervention in patients with acromegaly to prevent severe 
joint degeneration and improve overall outcomes. The operative 
steps are the same as those for end-stage knee arthritis due to any 
cause. The postoperative antibiotic protocol, thromboprophylaxis, 
and rehabilitation protocol remain the same. Early diagnosis 
and a multidisciplinary approach involving endocrinologists, 
rheumatologists, and orthopedic surgeons are crucial for 
successfully managing this condition.
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Bilateral Fused Hips with Stiff Spine in Ankylosing 
Spondylitis with Subtrochanteric Fracture Right Hip 
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Ab s t r Ac t
Background: Ankylosing spondylitis (AS) presents with hip and spine stiffness at total hip arthroplasty (THA) with mobility restriction. Reduced 
spinopelvic mobility is associated with spine stiffness, especially bilateral fused hips. 
Case report: We present a rare case of bilateral fused hips due to AS with a traumatic subtrochanteric fracture of the right femur—preoperative 
planning with anesthetic considerations included risk assessment for bilateral vs unilateral and mobilization after the procedure. Simultaneous 
bilateral cementless THA using a modified Hardinge approach with modular femoral component (SROM, Depuy USA) to achieve fracture 
stabilization was done, followed by gradual mobilization. Care was taken to ensure correct femoral and acetabular component positioning, 
considering spine stiffness and loss of spinopelvic mobility. The patient is doing well at 3 years with a stiff spine in extension, walking 
independently, the ability to sit comfortably, and a good functional outcome. 
Conclusion: Simultaneous bilateral THA had to be considered in this unusual case of AS, although not ideal, with risk consent for achieving 
mobility following significant stiffness and disability.
Keywords: Ankylosing spondylitis, Case report, Stiff hips, Subtrochanteric fracture.
Indian Journal of Arthroplasty (2024): 10.5005/ijoa-11025-0003

In t r o d u c t I o n 
Ankylosing spondylitis (AS) presents with varying degrees of hip 
and spine stiffness. The loss of spinal flexibility affects spinopelvic 
mobility with the coexistence of spine and hip stiffness. Significant 
spine stiffness is seen at presentation for total hip arthroplasty (THA) 
in these individuals with bilaterally stiff hips. The risk for fractures 
in AS has been described.1 However, subtrochanteric fracture 
with bilateral fused hips in AS has not been reported. Spinopelvic 
mobility at THA and acetabular component position is essential 
to achieve optimal outcomes.2,3 Cementless THA in AS provides 
a good outcome. Total hip arthroplasty restores movement at the 
hip with significant functional improvement, although the spine 
stiffness remains unchanged in AS.

cA s e de s c r I p t I o n
A 45-year-old gentleman with bilateral fused hips and stiff spine 
with AS presented with a right hip subtrochanteric fracture after 
a fall at home (Fig. 1). He had decreased mobility in both hips and 
spine (Figs 2A to D) before the fall and was walking with a stiff 
gait pattern. He had complaints of back pain as well as bilateral 
hip pain with progressive stiffness over the past 20 years. He has 
been on regular treatment with disease-modifying drugs for the 
past 4 years and could walk with stiff hips and spine for about 1 km 
without pain or discomfort. He was restricted to the bed after a fall 
2 weeks before the presentation at our center. His findings revealed 
significant restriction of movements in the left hip with a flexion 
deformity of 40° and an external rotation deformity of 30° with a 
jog of further movement. He was found to have a stiff lumbar and 
cervical spine both on clinical and radiological examination. His 
spinopelvic mobility could not be assessed due to his inability to 
sit or stand after the fracture of the right femur. 

A detailed clinical examination was done before preoperative 
planning. The stiff cervical spine with a difficult airway, possible 

anesthetic challenges, and risks vs benefits of staged vs bilateral 
were considered and discussed with the patient before a decision 
was made for this challenging situation. The option for internal 
fixation of the fracture was discussed so that planning for THA 
could be done after fracture healing. Perioperative care and 
the need for THA as soon as possible were a source of concern 
for the patient. He was, however, waiting for a THA and, after 
discussion with the family, was very keen to undergo bilateral 
hip replacement after understanding the possible risks. Blood 
investigations included total protein of 7.3 gm/dL, platelet counts 
of 304,000/mm3, and total counts of 10,600/mm3. Simultaneous 
bilateral THA was carefully planned to facilitate post-op 
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rehabilitation and ambulation and avoid the risks of subsequent 
difficult anesthesia.4 A modified lateral approach was used for 

both hips.5 This approach is routine in our unit for all THAs, which 
do not require posterior reconstruction. Bilateral hip arthritis 
requiring THA is usually carried out in the same sitting in our unit 
after a detailed anesthetic evaluation. The preoperative planning 
included templating and planning for a modular SROM (DePuy, 
USA) femur component on the right side and a cementless Corail 
(DePuy, USA) for the left side. Pinnacle (DePuy, USA) acetabulum 
was planned for both hips. The right hip procedure was done first 
with an extension of the modified lateral approach to expose the 
fracture and stabilize the fragments during femur preparation. 
The preparation and fixation were similar to subtrochanteric 
shortening for complex THA described.6 Femur preparation was 
done judiciously to achieve optimal sizing and stabilization of the 
fracture with the modular femoral component. Stable fixation 
was achieved with a 15 × 20 × 225 SROM and a 20-B metaphyseal 
sleeve for the femoral component. Bone grafting was done using 
bone obtained from the head. The left hip was done in the same 
sitting with screws used for additional fixation of the cementless 
acetabular components (Pinnacle, DePuy USA) for both hips 
(Figs 2E to G). Care was taken regarding component positioning 
to achieve normal acetabular component anteversion. Left hip 
arthroplasty was carried out after the right hip as the patient was 
stable throughout the procedure, with an uneventful immediate 
postoperative period. He was made to sit on the first postoperative 

Fig. 1: A 45-year-AS male with bilateral stiff hips and subtrochanteric 
fracture right femur with a stiff spine. The pelvic tilt is posterior with the 
obturator foramen view suggestive of obliteration of lumbar lordosis, 
which is seen in the follow-up X-rays as well

Figs 2A to G: (A and B) Lumbosacral (LS) spine AP (anteroposterior) and lateral with typical changes of AS and loss of lumbar lordosis; (C and D) 
Post-op standing X-rays lateral LS spine showing a pelvic incidence of 60.5° and a pelvic tilt of 32.4°; (E to G) Post-op X-ray with long SROM Pinnacle 
(DePuy, USA) right hip with bone graft and Corail pinnacle left hip anteroposterior and lateral views
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day. He was ambulated with protected weight-bearing on the right 
and could sit comfortably by the end of 1 week. He was ambulating 
comfortably with a walker, continuing protected weight-bearing 
for 2 months, gradually progressing to full weight-bearing. He was 
weaned off the walker gradually after 6 months. 

The acetabular inclination was 44.7° on the right and 49.6° on 
the left hip. The spine evaluation was done with radiographs in 
the sitting and standing positions when he could sit comfortably, 
and the pelvic tilt was calculated (Figs 2C and D). The sacral tilt 
showed a 21.2° change, while the lumbar lordosis angle changed 
by only 3.1° between sitting and standing (Figs 3A and B). The spine 
stiffness was evident in the sitting position with the extension 
required to achieve a comfortable sitting position (Fig. 3). The 

anteversion in both hips was calculated with a CT evaluation. 
Anteversion of the right acetabular component was 12.6°, and 
the left acetabulum was 12.5° (Fig. 3C). His Harris hip score (HHS) 
increased from 14 to 83; SF 12 was 54 and 62 for the physical 
and mental components, respectively, with the WOMAC score 
of 16 indicating an overall significant improvement in functional 
outcome.7

The fracture progressed to complete union with clinical 
and radiological follow-up (Figs 4A to D). He is ambulating 
independently at 3 years with the ability to sit comfortably with 
spine extension because of the spine stiffness (Figs 3D and E). 

dI s c u s s I o n
Bilateral fused hips in AS are disabling and require THA to restore 
joint mobility. The aim would be to restore the center of rotation 
and achieve stable fixation with cementless implants in hips with 
good bone stock. The spine is stiff with the stuck sitting spinopelvic 
mobility pattern.3,7,8 This spinopelvic mobility pattern seen with 
the fused spine in AS requires an extension of the spine to enable 
a comfortable sitting position with the thighs parallel to the floor. 
The pelvic incidence and change in sacral tilt were identical at 
post-op and review with spine stiffness. The pre-op assessment 
is essential, especially with associated spine stiffness.2,7,9 Our 
patient had fused hips for bilateral THA, with a subtrochanteric 
fracture presenting two weeks after the injury. He was keen to 
undergo bilateral THA to restore mobility and consented to the 
same after risk considerations. Bilateral THA was performed after 
careful planning, although staged THA could have been considered 
for reduced risk of perioperative complications. The spinopelvic 
mobility is restricted, and anteversion of the acetabulum needs to 
be reduced in these fused hips to avoid posterior impingement and 
anterior dislocation.3,10 Total hip arthroplasty  in AS has associated 
risks, including late dislocation, which must be considered when 
planning for the same.11

A proximal femur fracture with a fused hip poses a challenging 
situation for THA.12 The subtrochanteric fracture stabilization and 
hip arthroplasty were performed using the SROM (DePuy USA) 
femoral component. Femur fracture with bilateral fused hips in AS 
has not been reported. The risk of fracture in AS exists in the hip 
and the vertebrae.1

Bilaterally fused hips with bony ankylosis have a severe 
restriction of daily activity. The mobility is significantly reduced, 
and the spinopelvic mobility is also affected. The spine was fused, 
as evidenced by the preop and post-op spine X-rays. The loss of 
spinopelvic mobility is like a stuck sitting pattern. Movements are 
restricted to walking with a stiff spine and hips and lying supine. 
Osteosynthesis for the fracture was considered; however, the 
individual who was preparing for hip arthroplasty was not keen 
and wanted to go ahead with arthroplasty, being aware of the 
possible risks. Fracture stabilization and mobility of the hip joints 
were achieved at THA with a long modular stem. Fracture stability 
was achieved, enabling gradual mobilization. The mobility, as well 
as weight-bearing, was gradually increased based on the clinical 
and radiological union. The acetabular component positioning was 
done with care to avoid increased anteversion, compensate for the 
change in spinopelvic mobility, avoid impingement, and provide 
a stable functional hip joint. Our patient is comfortable with the 
ability to walk, sit, and stand comfortably, having residual spine 
stiffness with spine extension to enable sitting with the thighs 

Figs 3A to E: (A and B) Post-op standing sacral slope (SS) of 23° compared 
to sitting SS of 1.8°. The spine extension is obvious at sitting; (C) CT 
evaluation of anteversion in both hips measured 12.5° at the right 
hip and 12.6° at the left hip; (D and E) Xray LS spine lateral sitting and 
standing at follow-up showing spine stiffness in extension
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Figs 4A to D: (A) X-ray at 4 months post-op showing good progress in the union at the right subtrochanteric fracture; (B and C) AP and lateral 
views of the right hip and femur at 1 year with evidence of fracture union; (D) left hip with implants well integrated

parallel to the floor. This pattern of spine stiffness is seen especially 
in AS, with movement occurring predominantly only at the hips 
after THA in these stiff individuals.

co n c lu s I o n
Bilateral fused hips with subtrochanteric fracture and spine stiffness 
have not been reported so far. Fracture stability with the restoration 
of joint mobility is justified in this unusual case of AS with stiff hips 
and spine and associated subtrochanteric fracture. Fixation and 
THA with the restoration of joint mobility were achieved with an 
extended modular femoral component. Bilateral THA rather than 
staged THA, although not ideal, was carried out in this unusual 
case to facilitate early mobilization after carefully considering risks, 
spinopelvic mobility, and perioperative care. The overall functional 
outcome has significantly improved, and he is doing well at 3-year 
follow-up.
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