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ABSTRACT

Background: Osteoarthritis (OA) is a prevalent condition and the leading disability among the
elderly. Obesity, linked to a sedentary lifestyle, increases the risk of OA. Knee Osteoarthritis has
improved functional outcomes after Total Knee Replacement (TKR). This study aimed to determine
the functional outcomes of primary TKR based on BMI.

Methods: This Prospective Cohort Study, was conducted at Dr Ziauddin Hospital Karachi, from
October 2019 to October 2020. Patients of both genders, above the age of 45 years, with knee joint
osteoarthritis grade Il and IV advised primary TKR, were included. Functional outcomes were
assessed using the Knee Society Score, preoperatively and postoperatively, in obese and non-obese
groups. The non-probability Convenience Sampling technique was used. SPSS v25.0 and Microsoft
Excel 2016 were used for analysis. Chi-square and t-tests were applied, with significance set at p <
0.05.

Results: The study included 98 knees in 66 cases, with 30 patients in the obese group and 36 patients
in the non-obese group. In the obese group, 28 (93.3%) were over 60 years old, compared to 35
(97.2%) in the non-obese group. The obese group had 23 (76.7%) female patients, while the
non-obese group had 22 (61.1%). Postoperative Knee Society Scores were 84.83+4.71 for obese
group and 87.08+4.07 for non-obese group. Excellent functional outcomes were achieved by 17
(56.6%) obese and 22 (61.1%) non-obese patients.

Conclusion: BMI should not exclude patients from TKR, but they should be informed of the associated
risks, considering the difference in postoperative functional outcomes in both groups.
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INTRODUCTION

Osteoarthritis (OA) is a prevalent condition among the
elderly and a leading cause of disability. Knee OA is
becoming common as the mean age of the populo-
tion has increased '. Knee OA is commonly caused by
weight, age, and joint damage caused by repetitive
motions, mainly kneeling and squatting '. TKR is a
successful surgical therapy for knee osteoarthritis, with
700,000 operations performed yearly in the US and a
673 percentrise in demand by 2030 '. The exponential
rise in obesity is occurring in parallel with this growth in
demand. In Ireland, 36 percent of the population is
overweight, with 14 percent obese 2. Biochemically,
Knee OA is caused by several causes, including
cytokines and lepfin. OA is a common disease that
causes impairment, especially among the elderly?. The
interaction between local and systemic variables
causes OA to have multiple etiologists?. Many risk
factors along with age influence an individual to OA,
like race, gender, recreational or occupational activi-
fies, bone density muscle weakness, joint laxity, joint
injury, obesity, and genetics 4,

Obesity is a complicated condition in which aberrant
activation of the pro-inflammatory pathways and
neuroendocrine leads to impaired regulation of food
intake, fat growth, and metabolic abnormalities. In
2016, more than 1.9 bilion people were overweight; of
these, more than 650 milion were categorized as
obese in Pakistan 3. White adipose tissue gets activat-
ed and it in turn boosts the production of the pro-in-
flammatory cytokines including IL-18, TNF alpha, IL-1,
IL-8, and IL-6 while lowering the production of the
regulatory cytokines like IL-10 ¢7. Knee OA, a common
condition characterized by persistent discomfort,
decreased function, and joint mobility limitations,
often worsened by exercise and relieved by rest. In OA
patients, short-ferm stiffness lasting < 30 minutes may
occur in the morning or after periods of inactivity 87.
Synovitis can develop in advanced instances, leading
to discomfort when sleeping or resting '°.Knee OA has
improved  functional outcomes after surgical
management with TKR. Considering the increasing
incidence of this degenerative disease, its relatfion to
obesity in our society becomes important. It is also
known that the risk of many other acute and chronic
diseases increases due to obesity 12, Obesity, linked
to sedentary lifestyles, increases osteoarthritis risk in
weight-bearing joints, increasing demand for TKR.
Obesity also has other complications that require
surgical intervention’. Obesity has established import-
ant separate risk factors, thus the functional outcomes
after TKR in obese patients in comparison to
non-obese is important 78?7, Effective management of
obesity involves lifestyle modifications, pharmacologi-
cal therapies, and surgical freatments, which provide
health benefits and reduced mortality rates for severe
cases®. The study aimed to find out the functional
outcome of Body Mass Index (BMI) in primary TKR in
non-obese and obese patients.
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METHODS

A Prospective Cohort Study was caried out at Dr.
Ziauddin Hospital Karachi, Cliffon from October 2019
to October 2020 after acquiring Ethical Review Com-
mittee approval (ERC Ref Code: 1360819SMORT,
October 2019). 98 knees (32 bilateral TKR and 34 unilat-
eral TKR) in 66 cases, including 30 patients in obese
group and 36 patients in the non-obese group, were
diagnosed with Knee Osteoarthritis. The overweight
patients will be between 25-29.9 kg/m2 of BMI and
Obesity is classed with a BMI of 30 kg/m2 or greater 3,
4The non-Probabilty = Convenience  Sampling
technique was used and sample size was calculated
using the open epi version 3.01 with means and
standard deviations from the parent study '3. The confi-
dence level used was 90%, Power was 80%, Ratio of
sample size, and Unexposed/Exposed was 1. While
Percent of Unexposed with Outcome was taken as 90,
and Percent of Exposed with Outcome as 70. The odds
ratio was taken as 0.26, the Risk/Prevalence Rafio as
0.78, and the Risk/Prevalence difference as -20, with
the variables of average time to ambulate and differ-
ences in activity scores. Each group comprised 49
knees established. Inclusion criteria included patients
of both genders, of any race and age above 45 years,
requiring Primary TKR due to Osteoarthritis grade Il and
above, and failing physiotherapy and pain manage-
ment techniques. Exclusion criteria comprised all
patients with etiologist for TKR other than osteoarthritis,
due to frauma, infection or Rheumatoid arthritis, Septic
Arthritis, and Congenital Abnormalities. Also, those
undergoing concurrent hip or Spine surgeries with TKR,
with previous TKR (requiring revision surgery), and with
unsatisfactory perambulatory status, were excluded
from the study.

Primary Total Knee Replacements were performed by
arthroplasty-frained surgeons. The antferior medial
parapatellar surgical technique was followed. Antibi-
otics were given 30 minutes before the incision. Bone
cuts were made with inframedullary and extramedul-
lary alignment systems, mechanical alignment was
restored, and ligament balancing performed. The joint
line level was reconstructed. Ligaments balancing
with appropriate releases were performed. If the
patellofemoral joint was resurfaced where it was
significantly arthritic. Polymethyl methacrylate cement
was used to insert definitive prosthetic components
into position. Distal neurovascular status is checked
after the procedure. Intraoperative epidural,
patient-controlled infravenous, or oral analgesia are
all options for analgesia. Cryotherapy is used to relieve
swelling and discomfort after surgery. Physiotherapy
began immediately and continued post-discharge,
which typically occurred within 5 to 7 days. Drains
were removed within 24-48 hours, walking started on
day two, and thromboembolism prophylaxis contin-
ued at home. Follow-ups occurred at 2 weeks for
suture removal and assessment.
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For patients fulfiling inclusion criteria, preoperatively,
demographic data including age, gender, and BMI
was collected for each patient. They were also
assessed before and after 3 months of TKR, in both
obese and non-obese groups, using the Knee Society
Score (KSS), providing a record of Functional
Outcomes along with other assessments of pain. A
Knee Society Score (KSS) interprets a patient's knee
function based on a 100-point scale, where a higher
score indicates better knee function, with a score of
100 representing a completely pain-free knee with a
full range of motion and stability; generally, scores
above 90 are considered excellent, 70-80 good, 50-60
fair, and below 50 poor. A significant part of the KSS is
the "function score" which specifically evaluates how
well a patient can perform daily activities like walking

and climbing stairs . The data was analysed by using
SPSS v25.0 and Microsoft Excel 2016. Quantitative
variables were presented as MeanzSD. Qudlitative
variables were presented as frequency with
percentage. Chi-square and t-tests were used. All
p-values were evaluated against a threshold of 0.05
for significance.

RESULTS

A study of 30 obese and 36 non-obese patients
observed 98 knees, including 32 bilateral and 34
unilateral TKR. In our study, we encountered 2 (3%)
patients with superficial wound infection, treated with
regular dressing and oral antibiotics, with total
recovery.

Table 1: Comparison of Variables Among the Two Groups

Male 7 14 21
23.3% 38.9% 31.8%
0.177
23 22 45
Female
76.7% 61.1% 68.2%
) 11 23 34
Unilateral TKR
36.7% 63.9% 51.5%
0.028
19 13 32
Bilateral TKR
63.3% 36.1% 48.5%
Age + + +
(Mean+sD) 59.27+6.42 62.58+4.87 61.53£5.40 0.023
Equal & Below | 2 1 3 0.450
Above 60 28 35 63
years 93.3% 97 .2% 95.5%
30 36 66
Total
100.0% 100.0% 100.0%

The Chi-square test and t-test were used in the above table.

Table 1 compares variables between obese and non-obese groups, highlighting differences in gender, type
of total knee replacement (TKR), and age. Females dominate the study population (68.2%), and most
participants are above 60 years (95.5%). Significant differences are noted in unilateral TKR distribution
(p=0.028), with more non-obese individuals undergoing this procedure, and in mean age (p=0.023), where

non-obese parficipants are slightly older.

Figure 1 shows a significant improvement in Knee Society Scores post-operatively for both study groups, with
the non-obese group slightly higher (87.08) compared to the obese group (84.83), and similar pre-operative

scores (41.14 vs. 40.37).
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Figure 1: Bar graph of the results of the Pre- & Post-Operative Knee Society Score among the
groups

Table 2: Comparison of Post-Operative Functional Outcomes Between the Groups

Excellent 17 (56.7%) 22 (61.1%) 39 (59.0%)

Good 6 (20.0%) 13 (36.1%) 19 (28.8%)

Fair 5 (16.7%) 1 (2.8%) 6(9.1%) 0.026
Poor 2 (6.7%) 0 (0.0%) 2 (3.0%)

Total 30 (100.0%) 36 (100.0%) 66 (100.0%)

Table 2 compares post-operative functional outcomes between obese and non-obese groups. Non-obese
participants show better outcomes, with 61.1% achieving excellent and 36.1% good results compared to
obese participants (56.7% and 20.0%, respectively). A significant difference is observed (p=0.026), as obese
individuals with a significant difference in fair (16.7%) and poor (6.7%) outcomes, respectively.

Table 3: Comparison of Post-Operative Functional Outcomes Between the Groups w.r.t Gender

Excellent 3 (42.9%) 9 (64.35) 12 (57.1%)
Male Good 4 (57.1%) 4 (28.6%) 8 (38.1 %)
Fair 0 (0.0%) 1(7.1%) 1 (4.8%) 0.092
Poor 0 (0.0%) 0 (0.0%) 0 (0.0%)
Total 7 (100%) 14 (100%) 21 (100%)
Excellent 14 (60.9%) 13 (59.1%) 27 (60%)
Female Good 2 (8.7%) 9 (40.9%) 11 (24.4%)
Fair 5(21.7 %) 0 (0.0%) 5(11.1%) 0.022
Poor 2 (8.7%) 0(0.0%) 2 (4.4%)
Total 23 (100%) 22 (100%) 45 (100%)

Table 3 compares post-operative functional outcomes between obese and non-obese groups based on
gender. No significant difference is observed among males, with similar rates of excellent outcomes.
However, non-obese women have better outcomes (40.9%) compared fo obese women (21.7% fair and 8.7%
poor), highlighting the impact of obesity on post-operative outcomes, especially in females.
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Fig 2 demonstrates that postoperative functional outcomes were excellent in 62.2% of patients aged < 60
years, with a significant difference between obese and non-obese individuals. In patients aged > 60 years,
excellent outcomes were observed in 52.4%, with a higher percentage of non-obese patients achieving
"good" and "excellent" outcomes compared to obese patients.

Figure 2: Comparison of Post-Operative
Functional Outcomes between the groups
w.r.t age
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Figure 2: Comparison of Post-Operative Functional Outcomes Between the Groups w.r.t Age

DISCUSSION

The data is currently mixed, with some research
indicating that obese individuals have poorer
outcomes ? and others indicating that they have
similar functional outcomes ' !5, In this study, it was
found the age of patients in our study was
59.27+6.41 years in obese group patients and
62.58+4.87 years in non-obese group. Obese group
had 7(23.3%) male and 23(76.7%) female. Similarly,
in non-obese groups 14(38.9%) were male and
22(61.1%) were female.

The average age of patients in a prospective study
of 50 TKR was 63 years's 7. Out of 50 patients in the
study, 37 were females and 13 were males, indicat-
ing that females are more likely than males to get a
complete knee replacement. The score of Knee
Society was 45-815,

The post-operatively knee society score in the obese
group was 84.83+4.71 and in the non-obese group
was 87.08+4.07. Functional outcome results of the
obese group showed that 17(56.6%) patients had
excellent outcomes and in the non-obese group
22(61.1%) patients had excellent outcomes. Both
the groups showed comparably better functional
outcome resulfs in total knee replacement.

The average knee society score preoperative was

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01)

52.3+11.2, whereas the knee society score postoper-
ative was 93.7+4.49, with 43.5 percent graded excel-
lent, according to research '¢. Another survey found
that 71.8 percent of people evaluated themselves
as outstanding '8. Patients with normal BMI had no
difference in the short-term TKR functional outcome
when compared o those who were overweight or
obese, according to the research 41720, This conclu-
sion is consistent with earlier research, which found
that a significant percentage of patients receiving
TKR are now obese * 2!, This emphasizes the current
and future strain that a rise in BMI will impose on
orthopaedic care. Obesity is not directly related to
the early OA of the knees, but it also affects the
overall fitness of the patient?. If a patient is obese, it
is related to systemic changes, resulting in a seden-
tary lifestyle and difficulty in participating in activities
of daily life, in turn leading tfo more increase in
weight and more pressure over the knees. And lead-
ing to progressive disability?®. With rising BMI, the
development of deep peri-prosthetic & superficial
joint infections and wound healing become much
more prevalent?* 25 In an examination of 15276 and
5061 individuals, it was found that an odds ratio of
1.9 for all the infections and 2.38 for the deep infec-
fion in obese patients compared to non-obese
patients in a meta-analysis’. Patients must be well
informed about the increased risk of the periopera-
five problems that come with rising BMI. While it may
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seem obvious that patients should try fo lose weight
before surgery, new research shows that obese
individuals who shed a large proportion of their
body weight before surgery have a greater
incidence of SSI (3.77%) than control patients ?.

In our study, we encountered 2 (3%) patients with
superficial wound infection, treated with regular
dressing and oral antibiofics, with total recovery.
This study encountered a few limitations as the
potential single-centre design may limit the general-
izability of the results to broader patient populations
or surgical practices. Moreover, the findings might
be influenced by the duration of follow-up
(short-term analysis of functional outcomes). Also,
the differences in implant types could introduce
variability in outcomes that are challenging to
confrol. The primary strength of this study lies in its
focused examination of the relationship between
body mass index (BMI) and functfional outcomes
following primary total knee replacement (TKR). The
use of standardized assessment tools, such as the
Knee Society Score, enhances the reliability and
comparability of the results.

It is crucial fo establish guidelines or protocols that
discourage the outright refusal of TKR in obese
patients, but rather encourage comprehensive
assessments of individual factors including overall
health, comorbidities, and patient goals, which can
be instrumental.

CONCLUSION

There was a difference in postoperative functional
outcomes between normal-weight persons and
those with BMI > 25. Patients must be informed about
the increased risk of problems that come with grow-
ing BMI, but should not be rejected TKR based simply
on their weight if they are medically fit. In individuals
with osteoarthritis, total knee replacement improves
functional results considerably. Though less preva-
lent, problems like wound issues and infection are
more common in obese patients after TKR. For TKR in
knee joint osteoarthritis patients, adequate patient
counselling and a well-executed surgical technique
are recommended.

LIST OF ABBREVIATIONS
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TKR: Total Knee Replacement
TKA: Total Knee Arthroplasty
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BMI: Body Mass Index
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RA: Rheumatoid Arthritis
ROM: Range of Movement

ACKNOWLEDGMENT
The author expresses gratitude fo the Co-Authors for
their guidance and enriching discussions, and

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01)

thanks Mr. Abdul Rahim and the Operation Theatre
staff for their collaboration.

CONFLICT OF INTEREST
None

ETHICAL APPROVAL
The approval from the ethical committee of Dr.

Ziauddin  University &  Hospital (ERC  NO.
1360819SMORT).

FUNDING

None

AUTHOR CONTRIBUTIONS

SM: Responsible for the conceptualization, writing,
design, data collection, analysis, and interpretation,
as well as the drafting and revision of the manu-
script, IAH provided valuable guidance, contributed
to manuscript drafting, and assisted in study design
and methodology, while also providing critical feed-
back on the manuscript, MSR was responsible for
sfudy design, data analysis, interpretation, and
feedback on the manuscript.

REFERENCES

1. Shichman |, Askew N, Habibi A, Nherera L, Macau-
lay W, Seyler T, Schwarzkopf R. Projections and
epidemiology of revision hip and knee arthroplasty
in the United States to 2040-2060. Arthroplasty Today.
2023 Jun 1;21:101152.https://-
doi.org/10.1016/j.artd.2023.101152

2. O'Sullivan O. Osteoarthritis: Pathophysiology and
Classification of a Common Disabling Condition. In
The Palgrave Encyclopedia of Disability 2024 Aug 25
(pp. 1-11). Cham: Springer Nature Switzerland.
https://doi.org/10.1007/978-3-031-40858-8_286-1

3. Muthusamy N, Singh V, Sicat CS, Rozell JC, Lajam
CM, Schwarzkopf R. Trends of obesity rates between
patients undergoing primary total knee arthroplasty
and the general population from 2013 to 2020. JBJS.
2022 Mar 16;104(6):537-43. DOI:  10.2106/JB-
JS$.21.00514

4. Giesinger K, Giesinger JM, Hamilton DF, Rechstein-
er J, Ladurner A. Higher body mass index is associat-
ed with larger postoperative improvement in
patient-reported outcomes following total knee
arthroplasty. BMC Musculoskelet Disord. 2021 Jul
24;22(1):635. doi: 10.1186/512891-021-04512-1.

5. Jawed M, Inam S, Shah N, Shafique K. Association
of obesity measures and multimorbidity in Pakistan:
findings from the IMPACT study. Public Health. 2020
Mar 1;180:51-6.https://-
doi.org/10.1016/j.puhe.2019.10.017.

6. Garval M, Maribo T, Mikkelsen R, Beck J, Schmidt
AM. Impact of obesity on patient-reported physical
activity level, knee pain, and functional capacity 12
months after unicompartmental or total knee arthro-
plasty. International Journal of Orthopaedic and

DOI: https://doi.org/10.36283/ziun-pjmd 14-1/017



Trauma Nursing. 2024 May 1;53:101084. https://-
doi.org/10.1016/j.ijotn.2024.101084

7. van Tiburg J, Rathsach Andersen M. Mid- to
long-term complications and outcome for morbidly
obese patients after total knee arthroplasty: a
systematic review and meta-analysis. EFORT Open
Rev. 2022 May 5;7(5):295-304. doi:
10.1530/EOR-21-0090.

8. Soutakbar H, Lamb SE, Siiman AJ. The different
influence of high levels of physical activity on the
incidence of knee OA in overweight and obese
men and women-a gender specific analysis. Osteo-
arthritis ~ Cartilage. 2019  Oct;27(10):1430-1436..
https://doi.org/10.1016/j.joca.2019.05.025

9. Jester R, Rodney A. The relationship between
obesity and primary Total Knee Replacement: A
scoping review of the literature. Int J Orthop Trauma
Nurs. 2021 Jul;42:100850.https://-
doi.org/10.1016/j.ijotn.2021.100850

10. Irwin MR, Straub RH, Smith MT. Heat of the night:
sleep disturbance activates inflammatory mecha-
nisms and induces pain in rheumatoid arthritis.
Nature Reviews Rheumatology. 2023
Sep:;19(9):545-59 . https://-
doi.org/10.1038/s41584-023-00997-3

11. Bosler AC, Deckard ER, Buller LT, Meneghini RM.
Obesity is Associated With Greater Improvement in
Patient-Reported Outcomes Following Primary Total
Knee Arthroplasty. J Arthroplasty. 2023
Dec;38(12):2484-2491. https://-
doi.org/10.1016/j.arth.2023.08.031

12. Taunton MJ. What's New in Adult Reconstructive
Knee Surgery. J Bone Joint Surg Am. 2020 Jan
15;102(2):91-100. doi: 10.2106/JBJS.19.01063.

13. Body mass index as a predictor of outcome in
total knee replacement, International Orthopaedics
(SICQOT) (2001) 25:246-249 DOI
10.1007/5002640100255.

14. Miralles-Munoz FA, Gonzalez-Parreno S, Marti-
nez-Mendez D, Gonzalez-Navarro B, Ruiz-Lozano M,
Lizaur-Utrila A, Alonso-Montero C. A validated
outcome categorization of the knee society score
for total knee arthroplasty. Knee Surgery, Sports
Traumatology, Arthroscopy. 2022 Apr;30(4):1266-72.
https://doi.org/10.1007/s00167-021-06563-2.
15.Moon YW, Park JH, Lee SS, Kang JW, Lee DH.
Distal femoral phenotypes in Asian varus osteoar-
thritic knees. Knee Surgery, Sports Traumatology,
Arthroscopy. 2022  Feb;30(2):456-63.  https://-
doi.org/10.1007/s00167-020-06131-0

16. Baghbani-Naghadehi F, Armijo-Olivo S, Prado
CM, Gramlich L, Woodhouse LJ. Does obesity affect
patient-reported outcomes following total knee
arthroplasty?2 BMC musculoskeletal disorders. 2022
Jan 17;23(1):55. https://-
doi.org/10.1186/512891-022-04997-4

17. Haykal T, Adam §, Bala A, Zayed Y, Deliwala S,

Kerbage J, Ponnapalli A, Malladi S, Samji V, Ortel TL.
Thromboprophylaxis for orthopedic surgery; An
updated meta-analysis. Thrombosis Research. 2021
Mar  1;199:43-53. https://doi.org/10.1016/j.throm-
res.2020.12.007

18. Clement ND, Scoftt CE, Hamilton DF, MacDonald
D, Howie CR. Meaningful values in the Forgotten
Joint Score after total knee arthroplasty: minimal
clinically important difference, minimal important
and detectable changes, and patient-acceptable
symptom state. The Bone & Joint Journal. 2021 May
3;103(5):846-54. https://-
doi.org/10.1302/0301-620X.103B5.BJJ-2020-0396.R1
19. Huddleston HP, Chahla J, Gursoy S, Williams BT,
Dandu N, Malloy P, Naveen NB, Cole BJ, Yanke AB.
A comprehensive description of the lateral
patellofemoral complex: anatomy and anisometry.
The American Journal of Sports Medicine. 2022
Mar;50(4):984-93. https://-
doi.org/10.1177/03635465221078033

20. Huber C, Zhang Q, Taylor WR, Amis AA, Smith C,
Hosseini Nasab SH. Properties and function of the
medial patellofemoral ligament: a systematic
review. The American journal of sports medicine.
2020 Mar;48(3):754-66. https://-
doi.org/10.1177/0363546519841304

21. Shatrov J, Coolican MR. Isolated patellofemoral
arthroplasty-surgical technique and fips: current
concepts. Journal of ISAKOS. 2024 Aug
1;9(4):814-21.https://doi.org/10.1016/j.jisa-
ko.2023.11.009

22. Shumnalieva R, Kotov G, Monov S. Obesity-Relat-
ed Knee Osteoarthritis-Current Concepts. Life
(Basel). 2023 Jul 28;13(8):1650. doi:
10.3390/1ife 13081650.

23. Kazmi T, Nagi LF, Igbal SP, Razzaqg S, Hassnain S,
Khan S, Shahid N. Relationship Between Physical
Inactivity and Obesity in the Urban Slums of Lahore.
Cureus. 2022 Apr 1;14(4):e23719. doi: 10.7759/cu-
reus.23719.

24. Borda MG, Venegas-Sanabria LC, Garcia-Ci-
fuentes E, Gomez RC, Cano-Gutierrez CA, Tovar-Rios
DA, Aarsland V, Khalifa K, Jaramillo-Jimenez A,
Aarsland D, Soennesyn H. Body mass index, perfor-
mance on activities of daily living and cognition:
analysis in two different populations. BMC geriatrics.
2021 Dec;21:1-1.
doi.org/10.1186/512877-021-02127-8

25. Cui A, Li H, Wang D, Zhong J, Chen Y, Lu H.
Global, regional prevalence, incidence and risk
factors of knee osteoarthritis in population-based
studies. EClinicalMedicine. 2020 Nov
26;29-30:100587. doi: 10.1016/j.eclinm.2020.100587.
DOI: 10.1016/j.eclinm.2020.100587

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01)

DOI: https://doi.org/10.36283/ziun-pjmd 14-1/017

115



