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Abstract
BACKGROUND 
Besides return to work (RTW) and return to sports (RTS), patients also prefer to 
return to daily activities (RTA) such as walking, sleeping, grocery shopping, and 
domestic work following total knee arthroplasty (TKA). However, evidence on 
the timelines and probability of patients’ RTA is sparse.

AIM 
To assess the percentage of patients able to RTA, RTW, and RTS after TKA, as 
well as the timeframe and influencing factors of this return.

METHODS 
A retrospective cohort study with prospectively collected data was conducted at a 
medium-sized Dutch orthopedic hospital. Assessments of RTA, RTW, and RTS 
were performed at 3 mo and/or 6 mo following TKA. Investigated factors en-
compassed patient characteristics, surgical characteristics, and preoperative 
patient-reported outcomes.

RESULTS 
TKA patients [n = 2063; 66 years old (interquartile range [IQR]: 7 years); 47% 
male; 28 kg/m2 (IQR: 4 kg/m2)] showed RTA ranging from 28% for kneeling to 
94% for grocery shopping, with 20 d (IQR: 27 d) spent for putting on shoes to 74 d 
(IQR: 57 d) for kneeling. RTW rates varied from 62% for medium-impact work to 
87% for low-impact work, taking 33 d (IQR: 29 d) to 78 d (IQR: 55 d). RTS ranged 
from 48% for medium-impact sports to 90% for low-impact sports, occurring 
within 43 d (IQR: 24 d) to 90 d (IQR: 60 d). One or more of the investigated factors 
influenced the return to each of the 14 activities examined, with R² values ranging 
from 0.013 to 0.127.

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v15.i7.608
mailto:m.peters@viasana.nl
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CONCLUSION 
Approximately 80% of patients can RTA, RTW, and RTS within 6 mo after TKA. Return is not consistently in-
fluenced by predictive factors. Results help set realistic pre- and postoperative expectations.

Key Words: Knee; Arthroplasty; Replacement; Return to work; Return to daily activities; Return to sports

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Everyday, patients with knee osteoarthritis and knee arthroplasty are seen in consultation rooms. In this large 
sample study (n = 2063 patients), approximately 80% of patients were able to return to daily activities, work, and sports 
within 6 mo after total knee arthroplasty. Return was not consistently influenced by identifiable predictive factors. This new 
knowledge creates realistic pre- and postoperative expectations.

Citation: Peters MCWM, Pronk Y, Brinkman JM. Eight of ten patients return to daily activities, work, and sports after total knee 
arthroplasty. World J Orthop 2024; 15(7): 608-617
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/608.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.608

INTRODUCTION
In cases where conservative treatment is ineffective, total knee arthroplasty (TKA) is an established intervention for 
patients with end-stage osteoarthritis. TKA alleviates pain, restores function, and improves quality of life[1-3]. The 
prevalence of osteoarthritis is projected to increase 40% between 2015 and 2040. In combination with the rising prevalence 
of obesity and longer life expectancy, physical activity has become a crucial component of successful aging[4-6].

Physical activity following TKA encompasses return to daily activities (RTA), return to work (RTW), and return to 
sports (RTS). Wide ranges of RTW and RTS rates have been reported[7,8]. Nevertheless, there is limited evidence 
regarding RTA such as walking, sleeping, grocery shopping, and domestic work after TKA.

Moreover, recommendations regarding RTA, RTW, and RTS following TKA significantly vary among Dutch hospitals 
and clinics[8]. Consequently, these discrepancies contribute to a lack of consistent evidence and suboptimal imple-
mentation when evidence is available.

Therefore, evidence-based patient-specific recommendations are essential for setting realistic patient expectations[9]. 
Accordingly, this study assessed the percentage of patients able to RTA, RTW, and RTS after TKA. As a secondary goal, 
this study investigated the timeframe for this return and identified the influencing factors. It was hypothesized that the 
majority of patients will successfully RTA, RTW, and RTS within 6 mo after TKA.

MATERIALS AND METHODS
Patients and setting
A retrospective cohort study with prospectively collected data of primary TKA patients was conducted. The study 
involved patients who underwent TKA from August 2019 to November 2022 at a medium-sized Dutch orthopedic 
hospital (Kliniek ViaSana, Mill, The Netherlands). Patients were characterized by an American Society of Anesthesi-
ologists (ASA) score of I-II and body mass index (BMI) ≤ 35 kg/m2.

As part of routine clinical practice, patients started doing exercises guided by a physiotherapist within a few hours 
after surgery. Approximately 4 d post-surgery, patients started home-based physiotherapy. Furthermore, these patients 
were advised to gradually resume daily activities and swimming (no breaststroke) 4 wk post-surgery, engage in low-
impact sports and work 6 wk post-surgery, and participate in swimming (all techniques), medium-impact sports, and 
work 3 mo post-surgery. Patients were also advised to avoid engagement in heavy-impact sports (e.g., squash, contact 
sports, and running) and work (e.g., construction, paving, and plumbing). Patients were encouraged not to rush these 
returns and to do so only when they felt ready.

Eligibility for inclusion required informed consent for the use of anonymized data for scientific analysis prior to 
undergoing primary TKA and completion of a questionnaire at 3 mo and/or 6 mo after TKA. The institutional review 
board determined that formal approval was not required.

Outcomes and measurements
Primary outcome focused on the percentage of respondents who had returned to daily activities, work, and sports 
following TKA. This was evaluated separately at 3 mo and 6 mo postoperatively. These timeframes were determined 
during an expert consensus meeting involving three experienced high-volume orthopedic knee surgeons. These 
timeframes were based on clinical practice when the majority of patients returned to the activities. A total of 14 different 

https://www.wjgnet.com/2218-5836/full/v15/i7/608.htm
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activities related to daily life, work, or sports were assessed via questionnaire at 3 mo. Daily life activities consisted of 
night rest, walking without aid, stair climbing, grocery shopping, domestic work, putting on shoes/socks, kneeling, 
driving a car, and outdoor cycling. Work-related activities included low-impact work (e.g., office or education) and 
medium-impact work (e.g., healthcare, painter, or hospitality industry). Sports activities assessed included low-impact 
sports (e.g., walking or cycling), medium-impact sports [e.g., full-swing golf, fitness, dancing, skiing, and tennis (no 
competitions)], and swimming. At the 6-mo follow-up, reassessment focused on kneeling, medium-impact work, 
medium-impact sports, and swimming. Participants indicated whether they had resumed each activity (yes, no, or not 
applicable). 'Not applicable' was defined as activities not aligning with the patient's pre-surgery lifestyle (e.g., not 
employed in a low-impact job sector or lacking a driver's license). The first secondary outcome included the time to RTA, 
RTW, and RTS measured in days. Patients who reported being able to return to a certain activity were asked to provide 
the date of their return (dd/mm/yyyy).

The second secondary outcome involved identifying potential predictive factors for returning to each activity 
individually. These factors were determined through literature review, expert opinions, and their availability[10-16]. 
Factors were categorized into patient characteristics, surgical characteristics, and preoperative patient-reported outcomes 
(PROs). Investigated patient characteristics included age (years), sex (male = 0, female = 1), BMI (kg/m2), ASA (I = 0 or II 
= 1), Charnley classification, diagnosis (osteoarthritis = 1, other = 0), history of previous knee surgery (yes = 1, no = 0), 
smoking status (yes = 1, no/quit = 0), and alcohol consumption (yes = 1, no/quit = 0)[10-12,17-20]. Surgical characteristics 
examined were anesthesia technique (general = 0, spinal = 1), operative duration (min from time of incision to a closed 
wound), and occurrence of complications (yes = 1, no = 0). Both patient and surgical characteristics were obtained from 
the electronic patient records. The studied preoperative PROs included pain at rest and pain during activity, function, 
and quality of life. Pain scores were measured using the Numeric Rating Scale (NRS) on a scale from 0 (no pain) to 10 
(worst imaginable pain). Function was evaluated using the Knee Injury and Osteoarthritis Outcome Score - Physical 
Function Short Form scored from 0 (no difficulty) to 100 (extreme difficulty)[21]. Combined pain and function were 
measured with Oxford Knee Score (OKS) scored from 0 (most severe symptoms) to 48 (least severe symptoms)[22]. 
Furthermore, quality of life was assessed with the 5-level version of the EuroQol 5 dimensions (EQ-5D-5L) consisting of a 
Visual Analogue Scale (EQ VAS) and descriptive system (EQ-5D descriptive system). EQ VAS was scored from 0 (worst 
imaginable health state) to 100 (best imaginable health state)[23].

Preoperative PROs were primary collected digitally (OnlinePROMs, Interactive Studios-Hertogenbosch, The 
Netherlands). In case that a patient was not able to handle a computer, paper forms were sent. Postoperative RTA, RTW, 
and RTS were exclusively collected digitally. A maximum of two digital reminders were sent.

Statistical analysis
Data were analyzed using SPSS version 29.0 (IBM Corp, Armonk, NY, United States). Differences between patients who 
completed the questionnaires at 3 mo and/or 6 mo (respondents) and patients who did not respond to the questionnaires 
(non-respondents) were examined to evaluate the generalizability of results. T-tests were used for normally distributed 
data, Mann-Whitney U test for not normally distributed data, and χ2 tests for categorical data. Descriptive statistics are 
reported as the mean with SD, median with interquartile range (IQR), or number with percentages.

Primary outcome was calculated by dividing the number of patients who had returned to a specific activity by the 
number of patients who completed the corresponding question minus the number of patients for whom the activity was 
not applicable or not applicable anymore. In cases where activities were queried at both 3 mo and 6 mo, within-6-mo 
scores were created by merging 3-mo and 6-mo responses. When patients indicated a return at 6 mo, this response 
overruled 3-mo responses. If a patient responded with ‘yes’ or ‘no’ at 3 mo and ‘no’ or ‘not applicable’ at 6 mo for a 
certain activity, their return to that activity was considered not applicable anymore. Percentages were calculated for each 
activity separately. Mean percentages of RTA, RTW, and RTS were calculated by dividing the sum of percentages for 
RTA, RTW, or RTS by the number of activities in each respective category.

The first secondary outcome, time to return to an activity, was calculated for each activity by subtracting the date of 
surgery from the date of return to that activity. If patients provided responses for time to return for activities queried at 
both 3 mo and 6 mo, the 3-mo responses were utilized unless the differences fell within a 14-d timeframe. When 
differences exceeded the 14-d timeframe, time to return was defined as missing value. This was the case for 2.1% of the 
outcomes for medium-impact sports, 2.8% of the outcomes for swimming and medium-impact work, and 5.1% of the 
outcomes for kneeling. For each activity, the distribution of answers for the time to return in days was assessed using 
histograms accompanied by Shapiro-Wilk tests. Descriptive statistics are reported based on the distribution of the data as 
follows: Mean and SD if data were normally distributed; median and IQR if data were not normally distributed; and 
mode with percentage if more than 50% of the responses were similar.

For the second secondary outcome, logistic regression models were applied to evaluate the factors influencing patients’ 
return to each activity separately (no = 0, yes = 1). Initially, the presence of missing values was investigated, revealing 
that these were below 15% (≤ 3.4%) for all factors and thus considered to be missing at random. Subsequently, each factor 
was tested individually in a univariate regression model. Then, characteristics with P < 0.05 were assessed using a 
multiple logistic regression model with backward selection. The same set of all on beforehand selected, potential 
predictive factors was utilized for each model to ensure comparability. The Nagelkerke R2 was calculated for each model 
to assess model fit. R2 values ranged from 0 to 1 and higher values represented more reliable models. Odds ratios (ORs) 
were calculated to determine the effect of the factors on return to each activity separately. Statistical significance was set 
at P < 0.05.
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RESULTS
A total of 2430 patients underwent primary TKA surgery between August 2019 and November 2022. Among these 
individuals, 2327 (95.8%) responded to the follow-up questionnaires at either 3 mo and/or 6 mo postoperatively. At 3 mo 
postoperatively, 2063 (84.9%) patients responded. In total, 2114 (87.0%) patients responded at 6 mo postoperatively. The 
preoperative PRO response rate was 99.4%. Distinctions were observed between respondents and nonrespondents in 
smoking status, alcohol consumption, NRS pain score at rest, EQ-5D descriptive system score, and OKS (Table 1), but 
these differences were not clinically relevant.

RTA
A mean 8 of 10 patients RTA within 6 mo following their surgery. The proportion of patients who RTA varied across 
specific activities, ranging from 27.7% (551 of 1439) for kneeling to 94.4% (1867 of 1977) for grocery shopping. First, 
patients returned to putting on shoes/socks at 20 d (IQR: 27 d) followed by night rest at 26 d (IQR: 36 d). It took patients 
the longest to return to kneeling [74 d (IQR: 57 d); Table 2]. Return to each daily activity separately was predicted by one 
or more of the selected predictive factors in the multivariate models. R2 scores ranged from 0.029 (night rest) to 0.127 
(driving a car) (Table 3).

RTW
A mean 7 of 10 patients RTW within 6 mo after TKA. Specifically, 86.6% (691 of 798) of the patients returned to low-
impact work at 33 d (IQR: 29 d; Table 2). Preoperative EQ-5D descriptive system score was a significant predictive factor 
for the return to low-impact work (odds ratio [OR]: 2.540; P = 0.021; R2 = 0.026; Table 3). Medium-impact work was 
returned to by 62.1% (422 of 680) of the patients at 78 d (IQR: 55 d; Table 2). For 9.2% (192 of 2090) of patients, this activity 
was defined as not applicable anymore. Preoperative EQ VAS score was a significant predictor for return to medium-
impact work (OR: 1.015; P = 0.007; R2 = 0.069; Table 3).

RTS
A mean 7 of 10 patients RTS within 6 mo after TKA. Low-impact sports were returned to by 89.5% (1588 of 1775) of the 
patients at 43 d (IQR: 24.0 d; Table 2). Age (OR: 1.038; P = 0.001) and preoperative EQ VAS score (OR: 1.009; P = 0.032) 
significantly predicted the return to low-impact sports (R2 = 0.022; Table 3).

A total of 48.4% (381 of 788) of the patients returned to medium-impact sports at 89.5 d (IQR: 60 d; Table 2). For 12.0% 
(251 of 2089) of patients, this specific activity was defined as not applicable anymore. Return to medium-impact sports 
was significantly predicted by operative duration (OR: 0.985; P = 0.044) and preoperative OKS (OR: 1.026; P = 0.018; R2 = 
0.028; Table 3).

Swimming was returned to by 68.6% (468 of 682) of patients at 80 d (IQR: 61; Table 2). For 9.5% of patients (198 of 
2089), this specific activity was defined as not applicable anymore. RTS was significantly predicted by preoperative EQ-
5D descriptive system score (OR: 0.398; P = 0.041) and OKS (OR: 1.039; P = 0.016; R2 = 0.013; Table 3).

DISCUSSION
This study’s primary aim was to assess the percentage of patients who were able to RTA, RTW, and RTS after TKA. 
Secondarily, the time to RTA, RTW, and RTS, and factors influencing the return were identified. Eight of ten patients 
managed to RTA, RTW, and RTS within 6 mo after TKA. Specifically, less than half of the patients managed to return to 
kneeling and medium-impact sports. Putting on shoes and socks was the first activity that patients returned to, while 
returning to medium-impact sports generally took the longest. Although various factors were identified influencing the 
return to all studied activities, the reliability of each predictive model was low.

Interestingly, a significant proportion of patients, approximately 80%, returned to their daily routines within the first 6 
wk (40 d) post-surgery. The exception was kneeling. Only 28% of patients managed to return to kneeling within 6 mo. A 
previous study highlighted the challenges associated with kneeling post-surgery. Two-thirds of the patients reported 
difficulties with kneeling even 5 years after TKA[24]. However, there was an observable discrepancy between patients’ 
self-reported inability to kneel and their actual capacity to do so when observed by healthcare professionals. Half of the 
studied patients reported the inability to kneel, whereas 80% of the patients were able to do so easily[25]. This suggests 
that supervised practice of kneeling might enhance patients' likelihood of successfully resuming this activity. 
Consequently, both pre- and postoperative patient education should include information on kneeling to improve its 
return rates.

Regarding RTW, 70% of the patients returned to their professional activities with higher resumption rates observed in 
low-impact jobs (87% within 33 d) compared to medium-impact ones (62% within 78 d). Existing systematic reviews on 
RTW report the following wide range of return rates: 10% to 98% with an average time to RTW of 8 wk to 16 wk[7,26]. 
These variations seem to be related to the physical demands of different job types. Comparable to the present study, Scott 
et al[27] categorized the physical nature of work into sedentary, light, moderate, and heavy manual work. They found 
that approximately 50% of participants returned to moderate manual work and about 66% returned to light manual work 
within a mean of 13.5 wk. These return rates were below the percentages observed in the current study. Interestingly, 
studies focusing exclusively on patients employed prior to surgery reported significantly higher RTW rates (scores above 
92%)[13,28-30]. This indicates that preoperative employment status is an influential factor and should be included in 
future studies.
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Table 1 Patient characteristics, surgical characteristics, and preoperative patient-reported outcomes, n (%)

Characteristics Respondents, n = 2063 Nonrespondents, n = 367 P value

Patient characteristics

Age in year, median (IQR) 65.80 (7.19) 65.13 (8.39) 0.222

BMI in kg/m2, median (IQR) 27.77 (3.44) 27.84 (3.31) 0.516

Sex, male 973 (47.2) 190 (51.8) 0.112

ASA, I 799 (38.7) 143 (39.0) 0.954

Smoking status, yes 156 (7.6) 42 (11.4) 0.017a

Alcohol consumption, yes 1499 (72.7) 244 (66.5) 0.020a

Previous knee surgery, yes 986 (47.8) 173 (47.1) 0.821

Charnley classification

A Unilateral knee arthritis 972 (47.1) 160 (43.6)

B1 Unilateral knee TKA 482 (23.4) 78 (21.3)

B2 Bilateral TKA 412 (20.0) 94 (25.6)

C more joints affected 197 (9.5) 34 (9.3)

0.113

Surgical characteristics

Diagnosis, osteoarthritis 2021 (98.0) 355 (96.7) 0.175

Anesthesia technique, spinal 2043 (99.0) 362 (98.6) 0.763

Operative duration in min, median (IQR) 40.77 (9.51) 41.04 (9.83) 0.551

Complication, yes 62 (3.0) 18 (4.9) 0.078

Preoperative PROs

NRS pain score at rest, median (IQR) 4.92 (2.38) 5.23 (2.43) 0.021a

NRS pain score during activity, median 
(IQR)

7.18 (1.88) 7.18 (2.00) 0.558

KOOS-PS score, median (IQR) 47.23 (12.74) 48.98 (14.19) 0.084

EQVAS score, median (IQR) 72.91 (18.65) 72.96 (19.03) 0.906

EQ-5D descriptive system score, median 
(IQR)

0.590 (0.250) 0.551 (0.273) 0.013a

OKS, median (IQR) 24.92 (7.16) 23.83 (7.64) 0.042a

aP < 0.05.
ASA: American Society of Anesthesiologists score; BMI: Body mass index; EQ-5D descriptive system: EuroQol five dimensions descriptive system; EQ 
VAS: EuroQol five dimensions Visual Analogue Scale; KOOS-PS: Knee Injury and Osteoarthritis Outcome Score - Physical Function Short Form; NRS: 
Numeric rating scale; OKS: Oxford knee score; PRO: Patient-reported outcomes; TKA: Total knee arthroplasty; IQR: Interquartile range.

RTS was achieved by 70% of the patients with variations depending on the impact level of sports. Swimming was 
returned to by 69% within 80 d, 90% returned to low-impact sports within 43 d, and 48% returned to medium-impact 
sports within 90 d. The low resumption rate for medium-impact sports could indicate either an ongoing recovery process 
at the 6-mo mark or a permanent shift in patients' sporting preferences. A prolonged study period might gain further 
insights into the return to medium-impact sports. As seen for RTW, previous studies combined in an umbrella review on 
RTS after TKA reported wide ranges from 34% to 100% at 13 wk[14]. This could be explained by different definitions of 
sports participation used in these studies. Furthermore, there are different definitions of activity levels. For instance, 
Konings et al[31] categorized dancing and tennis as high-impact sport activities with participation rates of 128% and 106% 
within 1 year after surgery, respectively. The present study categorized these activities as medium-impact sports. 
Categorization of low- and medium-impact sports is a potential explanation for the lower RTS rates observed in the 
present study. To facilitate study comparisons and develop evidence-based, patient-specific recommendations for setting 
realistic patient expectations, uniform definitions for RTW and RTS are crucial. Additionally, there is a need for 
consensus on categorizing activity levels for both RTW and RTS[9]. This study provides valuable information for 
formulating these recommendations. Regarding swimming, 69% returned in 80 d after TKA in the present study. Another 
study reported an RTS rate of 107% due to increased postoperative swimming participation[30]. One study accounting for 
pre- and postoperative sports participation reported that 81% of participants returned to swimming at 13.1 wk after 
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Table 2 Return to daily activities, work, and sports within 6 mo after total knee arthroplasty

3 mo 6 mo Within 6 mo
Activity Return to 

activity, n (%)1

Time to return in 
days, median (IQR)

Return to 
activity, n (%)1

Time to return in 
days, median (IQR)

Return to 
activity, n (%)1

Time to return in 
days, median (IQR)

Daily activities

Night rest 1435 (72.6) 26.0 (36.0) - - 1435 (72.6) 26.0 (36.0)

Walking without 
aids

1859 (94.0) 32.0 (23.5) - - 1859 (94.0) 32.0 (23.5)

Stair climbing 1655 (83.7) 42.0 (26.0) - - 1655 (83.7) 42.0 (26.0)

Grocery 
shopping

1867 (94.4) 37.0 (23.0) - - 1867 (94.4) 37.0 (23.0)

Domestic work 1700 (86.0) 42.0 (25.0) - - 1700 (86.0) 42.0 (25.0)

Putting on 
shoes/socks

1940 (98.1) 20.0 (27.0) - - 1940 (98.1) 20.0 (27.0)

Kneeling 403 (20.4) 57.0 (25.0) 439 (30.0) 96.0 (50.3) 551 (27.7) 74.0 (56.5)

Driving a car 1725 (91.7) 42.0 (20.0) - - 1725 (91.7) 42.0 (20.0)

Outdoor cycling 1518 (80.8) 43.0 (24.0) - - 1518 (80.8) 43.0 (24.0)

Work

Low-impact 
work

691 (86.6) 33.0 (29.0) - - 691 (86.6) 33.0 (29.0)

Medium-impact 
work

238 (34.9) 57.0 (24.0) 342 (72.3) 97.0 (54.0) 422 (62.1) 78.0 (55.0)

Sports

Low-impact 
sports

1588 (89.5) 43.0 (24.0) - - 1588 (89.5) 43.0 (24.0)

Medium-impact 
sports

185 (21.7) 57.0 (26.0) 327 (63.0) 98.0 (52.0) 381 (48.4) 89.5 (60.0)

Swimming 231 (34.9) 51.0 (28.5) 385 (81.6) 90.8 (36.0) 468 (68.6) 80.0 (61.0)

1Percentages represent the portion of patients who answered “yes” on the questionnaire out of the total number of patients who answered “yes” or “no” to 
that specific question.
IQR: Interquartile range.

surgery[32]. This shows that preoperative sports participation should be included in future studies.
Several predictive factors for RTA, RTW, and RTS were identified in this study. Moreover, this study confirmed the 

impact of demographic factors and preoperative aspects on the return to activities[10-12]. For the factors BMI, ASA, 
preoperative function, and preoperative quality of life, the observed associations showed identical alignment. However, 
contradictory evidence was found regarding the influence of age, sex, and preoperative pain scores on the return of 
activities. Despite these findings, the predictive value of these factors was relatively low (R2 < 0.127) diminishing their 
clinical relevance. Interestingly, preoperative participation in sports or work emerged as the most significant predictive 
factor of return[14,16], alongside the level of activity and urgency felt regarding the return[11,12,16]. These factors were 
not included in the present study due to its retrospective nature. This highlights an area for future prospective research.

It is important to mention the potential influence of recall bias on the study's results. It is a common challenge in 
retrospective studies where longer recall periods can lead to less accurate reporting[33]. Four out of the fourteen activities 
were questioned at both 3 mo and 6 mo after TKA. The analyses revealed acceptable discrepancies in the recall of return 
dates within a maximum 5% of patients per activity.

The current study has several strengths. First, to the best of the authors’ knowledge, this study represents the first 
comprehensive investigation into RTA after TKA. By investigating a broad range of activities, it offers an almost total 
perspective of the recovery process. Additionally, the inclusion of a large sample size strengthens the reliability of the 
findings. The study's approach of examining the combination of RTA, RTW, and RTS puts the outcomes in perspective. 
This helps in setting realistic expectations for patients and healthcare providers. As a limitation of the present study, the 
generalizability of the results may be restricted. This study only included patients who were characterized by an ASA 
score of I to II and a BMI of ≤ 35 kg/m2, representing 80% of the total TKA population. Moreover, the retrospective 
research design is a limitation. Consequently, it was not possible to include preoperative work experience, preoperative 
sports participation, and whether patients adhered to the advised rehabilitation protocol. Future research should address 
these limitations by extending the study timeframe, incorporating preoperative work status and/or sport participation, 
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Table 3 Factors predicting return to daily activities, work, and sports within 6 mo after total knee arthroplasty

Activity n R2 Predictive factors OR (95%CI) P value

Daily activities

Sex 0.734 (0.589-0.913) 0.006b

ASA 1.217 (0.989-1.498) 0.064

Previous surgery 0.829 (0.670-1.025) 0.083

Operative duration 0.989 (0.978-1.000) 0.047a

NRS pain at rest 0.912 (0.863-0.964) 0.001b

NRS pain during activity 1.080 (1.003-1.163) 0.042a

Night rest 1901 0.029

OKS 1.020 (1.002-1.038) 0.030a

Sex 0.681 (0.456-1.016) 0.06

Anesthesia technique 4.456 (1.232-16.120) 0.023a

Walking without aids 1901 0.033

OKS 1.054 (1.024-1.084) < 0.001b

BMI 0.941 (0.908-0.975) < 0.001b

Sex 0.499 (0.381-0.653) < 0.001b

Operative duration 0.987 (0.974-1.000) 0.053

Stair climbing 1901 0.05

OKS 1.024 (1.006-1.043) 0.010a

Age 0.960 (0.933-0.989) 0.007b

BMI 0.939 (0.886-0.996) 0.037a

EQ-5D descriptive system 0.299 (0.106-0.846) 0.023a

Grocery shopping 1901 0.051

OKS 1.094 (1.052-1.137) < 0.001b

Age 0.958 (0.940-0.977) < 0.001b

BMI 0.924 (0.889-0.961) < 0.001b

NRS pain during activity 1.082 (0.995-1.178) 0.067

Domestic work 1901 0.05

OKS 1.054 (1.031-1.078) < 0.001b

Sex 2.794 (1.366-5.712) 0.005bPutting on shoes/socks 1901 0.067

OKS 1.106 (1.052-1.163) < 0.001b

BMI 0.946 (0.917-0.976) < 0.001b

Sex 0.433 (0.349-0.538) < 0.001b

Alcohol consumption 1.305 (1.015-1.681) 0.039a

KOOS-PS 0.989 (0.978-1.001) 0.083

Kneeling 1910 0.1

OKS 1.022 (1.000-1.044) 0.048a

Age 0.966 (0.941-0.990) 0.007b

Sex 0.217 (0.140-0.337) < 0.001b

ASA 0.678 (0.461-0.998) 0.049a

Anesthesia technique 3.815 (0.970-14.998) 0.055

Charnley classification 1.173 (0.988-1.391) 0.068

Driving a car 1811 0.127

OKS 1.055 (1.028-1.083) < 0.001b

Age 0.949 (0.931-0.967) < 0.001b

BMI 0.937 (0.903-0.972) < 0.001b

Sex 0.347 (0.266-0.452) < 0.001b

ASA 0.763 (0.580-1.004) 0.053

Charnley classification 1.175 (1.041-1.326) 0.009b

Outdoor cycling 1806 0.123
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OKS 1.032 (1.013-1.051) < 0.001b

Work

Age 1.032 (0.999-1.065) 0.054Low-impact work 765 0.026

EQ-5D descriptive system 2.540 (1.150-5.612) 0.021a

Alcohol consumption 1.497 (0.932-2.406) 0.095

EQ VAS 1.015 (1.004-1.027) 0.007b

Medium-impact work 448 0.069

OKS 1.030 (0.997-1.065) 0.075

Sports

Age 1.038 (1.015-1.062) 0.001b

ASA 0.728 (0.519-1.021) 0.066

Low-impact sports 1705 0.022

EQ VAS 1.009 (1.001-1.017) 0.032a

Operative duration 0.985 (0.971-1.000) 0.044a

EQ VAS 1.007 (0.999-1.016) 0.071

Medium-impact sports 758 0.028

OKS 1.026 (1.004-1.048) 0.018a

EQ-5D descriptive system 0.398 (0.164-0.961) 0.041aSwimming 658 0.013

OKS 1.039 (1.007-1.071) 0.016a

aP < 0.05.
bP < 0.01.
ASA: American Society of Anesthesiologists score; BMI: Body mass index; EQ-5D descriptive system: EuroQol five dimensions descriptive system; EQ 
VAS: EuroQol five dimensions Visual Analogue Scale; KOOS-PS: Knee Injury and Osteoarthritis Outcome Score - Physical Function Short Form; NRS: 
Numeric rating scale; OKS: Oxford knee score; OR: Odds ratio; TKA: Total knee arthroplasty.

setting uniform definitions for RTW and RTS, finding a consensus on categorizing activity levels for RTW and RTS, and 
externally validating the data to confirm and generalize the results.

CONCLUSION
Eight of ten patients were able to RTA, RTW, and RTS within 6 mo after TKA. The time to return to these activities ranges 
from 20 d to 61 d postoperatively. Although factors that influence return to activities were found, they were not at a 
reliability level that is clinically useful. These findings are useful in creating realistic pre- and postoperative expectations 
on RTA, RTW, and RTS after TKA.
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Abstract
BACKGROUND 
Pes cavovarus has an estimated incidence of 8%-17% in patients with spina bifida 
(SB). The majority of the current literature on surgical treatment of cavovarus feet 
in children and adolescents includes a variety of diagnoses. There are currently no 
case series describing a treatment algorithm for deformity correction in this 
specific patient population. The authors of this study present the results of a 
retrospective case series performed to assess the radiographic outcomes of two-
stage corrective surgery in patients with SB.

AIM 
To assess the radiographic outcomes of a staged operation consisting of radical 
plantar release followed by osteotomy for pes cavovarus in patients with SB.

METHODS 
Retrospective chart review was performed on patients with SB with a diagnosis of 
pes cavovarus at a freestanding children’s hospital who underwent surgical 
correction of the deformity. Patients were excluded for lack of two-stage 
corrective operation, nonambulatory status, lack of at least six months follow-up, 
and age > 18 years at the time of surgery. This resulted in a cohort of 19 patients. 
Radiographic analysis was performed on 11 feet that had a complete series of 
preoperative and postoperative weightbearing X-rays. Preoperative and 
postoperative radiographic outcome measurements were compared using a two-
sample t-test.

https://www.f6publishing.com
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RESULTS 
Significant changes between the preoperative and postoperative measurements were seen in Meary’s angle, the 
anteroposterior talo-first metatarsal (AP TMT1) angle, and the talonavicular coverage. Mean values of Meary’s 
angle were 17.9 ± 13.1 preoperatively and 4.7 ± 10.3 postoperatively (P = 0.016). Mean AP TMT1 angle was 20.6 ± 
15.1 preoperatively and 9.3 ± 5.5 postoperatively (P = 0.011). Mean talonavicular coverage values were -10.3 ± 9.6 
preoperatively and -3.8 ± 10.1 postoperatively (P = 0.025).

CONCLUSION 
The two-stage corrective procedure demonstrated efficacy in correcting cavovarus deformity in patients with SB. 
Providers should strongly consider employing the staged surgical algorithm presented in this manuscript for 
management of these patients.

Key Words: Cavovarus; Spina bifida; Osteotomy; Plantar release; Radiographs; Pediatrics

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Currently, there is a paucity of literature on the treatment of pes cavovarus in patients with spina bifida. Cavovarus 
and cavus are common foot deformities in this patient population. In this article, the authors demonstrate that a two-stage 
operation consisting of plantar release with subsequent osteotomy demonstrates good correction of the deformity. Outcomes 
were evaluated by preoperative and postoperative values of six common radiographic measurements.

Citation: Padgett AM, Kothari E, Conklin MJ. Two-stage corrective operation for the treatment of pes cavovarus in patients with spina 
bifida. World J Orthop 2024; 15(7): 618-626
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/618.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.618

INTRODUCTION
Pes cavovarus is a foot deformity defined by a varus hindfoot and a cavus midfoot. The primary deformity results from 
an elevated longitudinal arch of the foot, also known as cavus. The varus deformity subsequently develops either due to 
muscle imbalance between the tibialis posterior and the peroneal muscles[1] or due to the tripod effect as the plantar 
flexed first metatarsal drives the heel into varus[2]. In the pediatric population, cavovarus most commonly occurs 
secondary to neuropathic disorders[3-5].

Mosca previously elucidated general principles for treatment of the cavus foot[6]. Central to these principles is the 
need to correct the deformity and balance muscular forces[6,7]. Selected treatment of pes cavovarus largely depends on 
whether the hindfoot varus deformity is flexible or rigid. Ankle foot orthosis or radical plantar release can be used in the 
management of flexible cavus deformities, depending on severity[1,8]. If the hindfoot varus is rigid, then the hindfoot 
will need to be specifically addressed. Muscle forces are balanced with tendon transfers. Tendon transfers should not be 
performed until the deformity is corrected, so that they are under appropriate tension. The first stage of the two-stage 
correction, as elucidated by Mosca, involves plantar or plantar-medial release followed by postoperative casting to 
achieve correction. Casting is performed to achieve adequate soft tissue relaxation so that at the second stage, residual 
bony deformity is corrected with a plantar opening wedge osteotomy of the medial cuneiform (+/- intermediate 
cuneiform) and residual hindfoot varus is corrected with calcaneal osteotomy. Tendon transfers are performed at the 
second stage once the corrected position of the foot is attained[6].

Multiple studies have demonstrated the utility of osteotomies in the management of pes cavovarus[9-11]. It is 
important to note that fusions should be avoided in patients with neuropathic disorders, except as a salvage procedure in 
severe cases, due to the high incidence of future skin breakdown[1,8,12,13].

Cavovarus has an estimated incidence of 8%-17% in patients with spina bifida (SB)[1,14,15]. Even though this is a 
common foot deformity in SB, published studies on surgical management of cavovarus feet in pediatric patients includes 
variable underlying pathologies[4,5,16-20]. We found no case series specifically addressing the treatment of cavovarus in 
SB. The authors of this study present the results of a retrospective single-institutional case series designed to evaluate the 
radiographic outcomes of a two-stage operation consisting of radical plantar release and osteotomy in the treatment of 
cavovarus in patients with SB.

MATERIALS AND METHODS
Retrospective chart review was performed on SB patients managed at a freestanding children’s hospital who underwent 
surgical intervention performed by a single fellowship-trained pediatric orthopaedic surgeon for a primary diagnosis of 
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Table 1 Functional motor level of patients (n = 19)

Functional motor level Number of patients

Mid-lumbar 9

Low-lumbar 2

Sacral 8

cavovarus foot deformity between 2012 and 2021. Patients who underwent two-stage correction for their foot deformity 
were identified via current procedural terminology codes. Patients were excluded for lack of two-stage corrective 
operation with osteotomy, lack of at least six months follow-up, and age > 18 years at the time of first surgery. This 
resulted in a cohort of 19 patients. Typical indications for surgery were history of pressure sores or impending pressure 
sores (hyperkeratotic skin) in the typical location for a cavovarus foot such as the base of the 5th metatarsal, the head of the 
5th metatarsal, or the head of the 1st metatarsal. Brace intolerance or gait instability due to the varus hindfoot were 
additional indications. Functional motor levels of the patients are shown in Table 1.

Radiographic analysis was performed on 11 of 19 (57.9%) patients that had a complete series of preoperative and 
postoperative weightbearing X-rays. 8 of 19 (42.1%) patients were unable to be included in radiographic analysis due to 
lack of acquisition of follow-up weightbearing radiographs. These patients had their last radiographs performed non-
weightbearing but continue to be followed in the multidisciplinary SB clinic.

Preoperative measurements were based on radiographs obtained prior to the first stage of the operation, while 
postoperative measurements were based on radiographs obtained after both the first and second stages of the operation. 
The postoperative radiographic measurements were based on radiographs taken at least 6 months after the second stage 
of the surgery to ensure that the reported results reflect a lasting correction. 7 of the 11 patients included in the 
radiographic analysis had X-rays taken between the first and second stage of the operation, while 4 did not. Six 
radiographic angles were measured on both the preoperative and postoperative weightbearing radiographs. Meary’s 
angle was defined as positive in the case of midfoot cavus and negative in the case of midfoot planus. The anteroposterior 
talo-first metatarsal (AP TMT1) angle was defined as positive in the case of forefoot adduction and negative in the case of 
forefoot abduction. The talonavicular coverage angle was defined as positive in the case of midfoot abduction and 
negative in the case of midfoot adduction. All X-ray imaging analyses were verified by a fellowship-trained pediatric 
orthopaedic surgeon. PACS software was utilized to analyze all radiographs.

Charts were also reviewed for patient age at the time of surgery, gender, race, and postoperative complications. 
Preoperative and postoperative radiographic outcome measurements were compared using a two-sample t-test. A P 
value of 0.05 was considered significant for all analyses. All statistical analysis was performed in R-4.1.2.

RESULTS
Demographics
A total of 19 patients were included in the analysis. 7 (36.8%) patients were male, and 12 (63.2%) were female. 13 (68.4%) 
patients were Caucasian, 3 (15.8%) were African American, and 3 (15.8%) were Asian. The average age at the time of 
surgery was 9.9 years (SD = 3.3; range 4 to 17).

Procedural characteristics
All patients in the study population underwent two-stage correction of the cavovarus deformity with radical plantar 
fascia release and osteotomy. Superficial and deep plantar medial release as described by Mosca were performed at the 
first stage[6]. This involved release of the three origins of the abductor hallucis, the plantar fascia, the plantar and medial 
talonavicular capsule and release or lengthening (if innervated) of the posterior tibial tendon. This was followed by one 
month of weekly serial casting. A plantar opening wedge (with allograft) osteotomy of the medial cuneiform bone and/or 
a calcaneal slide osteotomy was then performed to correct residual cavus or varus, respectively. Tendon transfers were 
performed at the second stage and were dependent on functional motor level and the presence or absence of an 
exaggerated windlass mechanism. Additional soft tissue and osseous procedures are summarized in Table 2. Of the 19 
feet analyzed, 13 (68.4%) cases underwent cuneiform osteotomy, and 6 (31.6%) cases underwent calcaneal osteotomy. The 
cumulative average number of cast changes throughout the postoperative course of the two-stage operation was 4.0 ± 1.2 
casts. Average follow-up time was 43.8 ± 33.8 months (range 9-118 months).

Radiographic angle measurements
Significant changes between preoperative and postoperative radiographic angle measurements were seen in Meary’s 
angle, the AP first tarsometatarsal angle, and the talonavicular coverage angle. The average Meary’s angle changed from 
17.9 ± 13.1 preoperatively to 4.7 ± 10.3 following the second stage of the operation (P = 0.016). The mean AP TMT1 angle 
changed from 20.6 ± 15.1 preoperatively and 9.3 ± 5.5 following the second stage of the operation (P = 0.011). The mean 
talonavicular coverage changed from -10.3 ± 9.6 preoperatively to -3.8 ± 10.1 following the second stage of the operation 
(P = 0.025). No other angle measurements showed significant differences between preoperative and postoperative 
radiographs. Radiographic angle measurement data is summarized in Table 3. Radiographic examples of sequential 
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Table 2 Additional soft tissue and osseous procedures performed

Soft tissue and osseous procedures Number of patients undergoing procedure

Talonavicular joint capsule release 19

Abductor hallucis release 19

Tibialis posterior lengthening/release 18

Peroneus longus to peroneus brevis transfer 13

Jones transfer (extensor hallucis longus transfer to first metatarsal neck) 10

Flexor hallucis longus lengthening/release 9

Flexor digitorum longus lengthening/release 9

Great toe interphalangeal joint fusion 7

Achilles tendon lengthening 6

Calcaneocuboid joint capsule release 4

Extensor hallucis longus to extensor hallucis brevis transfer 2

Tibialis anterior lengthening 1

Split posterior tibial tendon transfer to peroneus brevis 1

Anterior tibial tendon transfer to lateral cuneiform 1

Table 3 Radiographic outcomes data (n = 11)

Angle 
measurement

Average 
preoperative value 
(range)

Average value 
after stage 11 
(range)

Average value 
after stage 2 
(range)

P value 
preoperative to 
post-stage 12

P value post-
stage 1 to post-
stage 22

P value 
preoperative to 
post-stage 2

Meary’s 17.9 ± 13.1 (3.0-50.1) 13.8 ± 7.1 (4.4-25.3) 4.7 ± 10.3 (-8.0 to 
21.)

0.47 0.056 0.016a

Calcaneal pitch 22.4 ± 4.0 (16.4-29.6) 25.0 ± 6.3 (15.8-
32.7)

21.3 ± 7.6 (12.3-
32.4)

0.30 0.30 0.53

AP TMT1 20.6 ± 15.1 (6.2-40.8) 8.4 ± 7.4 (1.4-21.5) 9.3 ± 5.5 (1.5-22.9) 0.066 0.78 0.011a

Lateral talocal-
caneal

43.6 ± 9.8 (22.9-57.9) 42.6 ± 10.7 (26.2-
53.0)

41.7 ± 9.2 (27.5-
51.1)

0.85 0.86 0.46

AP talocalcaneal 15.8 ± 6.7 (6.3-25.0) 16.7 ± 9.8 (3.5-29.7) 18.9 ± 8.6 (8.7-33.9) 0.81 0.62 0.32

Talonavicular 
coverage

-10.3 ± 9.6 (-28.3 to 
1.2)

-4.0 ± 7.2 (-11.0 to 
9.3)

-3.8 ± 10.1 (-22.1 to 
16)

0.16 0.97 0.025a

17 of 11 patients had available radiographs taken between the first and second stages of the operation.
2Values calculated using two-sample t-test with unequal variances.
aP < 0.05.
AP-TMT1: Anteroposterior talo-first metatarsal.

deformity improvement over the course of the two-stage procedure are shown in Figures 1-3.

Complications
Within the first nine months of follow-up from the second stage of the operation, only 1 (5.3%) patient in our cohort 
developed a post-operative complication. The patient required reoperation with Z-lengthening of the Achilles tendon due 
to an equinus contracture. There were no cases of postoperative infections, neuropathic ulcers, nerve injury, or non-union.

DISCUSSION
Pes cavus or cavovarus is a common foot deformity in children and adults with various neurologic disorders[3-5]. The 
orthopaedic literature discussing the treatment of cavus or cavovarus feet has typically grouped individuals with various 
diagnoses[4,5,16-20]. However, there is a paucity of literature addressing the correction of cavovarus specifically in 
children with SB. The two-stage procedure for pes cavovarus correction in pediatric patients was refined by Mosca[6]. 
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Figure 1 Preoperative lateral and anteroposterior radiographs showing Meary’s angle, anteroposterior talo-first metatarsal angle, and 
talonavicular coverage. A: Meary’s angle (lateral talus-first metatarsal angle); B: Anteroposterior talo-first metatarsal angle; C: Talonavicular coverage.

Based on the results of the current study, the authors advocate for the use of a two-stage, rather than single-stage, 
operation for the correction of these deformities in patients with SB. While muscle imbalance leading to soft tissue 
contracture may be the primary factor precipitating the deformity, bony deformity develops over time[1]. The results of 
this study demonstrate the importance of addressing both the soft tissue and osseous elements of the deformity. Radical 
plantar release, the primary component of the first stage of our treatment algorithm, has been previously validated as an 
effective procedure for cavus correction[8]. Plantar opening wedge osteotomy of the medial cuneiform may not be 
feasible at the time of the first stage as relaxation of the soft tissues with serial casting needs to occur to gain length[6]. 
The second stage addresses residual bony deformity that does not resolve with serial casting after the first stage. This 
approach substantiates previous literature that has shown positive outcomes when utilizing a combination of soft tissue 
release and osteotomy[11].

Weightbearing radiographic analysis is the primary determinant of clinical management in pediatric foot deformities
[21,22]. In addition to helping guide clinical decision making, analysis of these angles can be used to assess outcomes 
following corrective procedures for malalignment, including pes cavovarus. Davids et al[23] described weight bearing 
radiographic measurements that assess segmental alignment of the foot. Both intraobserver and interobserver reliability 
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Figure 2 Lateral, and anteroposterior radiographs obtained after first stage radical plantar fascia release demonstrating improvement in 
Meary’s angle, anteroposterior talo-first metatarsal angle angle, and talonavicular coverage. A: Meary’s angle (lateral talus-first metatarsal angle); 
B: Anteroposterior talo-first metatarsal angle; C: Talonavicular coverage.

of these radiographic measurements is excellent. Utilizing the Wicart grading system for the assessment of therapeutic 
efficacy of cavovarus foot correction[2] (Table 4), our results demonstrate good correction of the deformity, with the 
average Meary’s angle decreasing from 17.9 ± 13.1 degrees preoperatively to 4.7 ± 10.3 degrees postoperatively (P = 
0.016). The results also demonstrate significant improvement of both the AP TMT1 angle (P = 0.011) and talonavicular 
coverage (P = 0.025), respectively. Furthermore, in 7 of the 11 feet included for radiographic follow-up that had 
radiographs obtained between the first and second stages, correction of Meary’s, AP TMT1 and talonavicular coverage 
angles were not significant after the first stage but reached statistical significance after the second stage.

The radiological outcomes of this study compare favorably to previous literature assessing these parameters following 
corrective surgery for pes cavovarus[11,19,20]. In a case series of 24 cavovarus feet undergoing correction via plantar 
fascia release and first metatarsal dorsal hemiepiphysiodesis, Sanpera et al[20] report a mean difference of -6.2 and -8.2 
degrees in Meary’s angle and the AP TMT1 angle, respectively. Our data shows mean differences of -13.2 degrees in 
Meary’s angle and -11.3 degrees in the AP TMT1 angle. Additionally, Chen et al[11] report an average postoperative 
Meary’s angle of 6.36 ± 1.810 following a single-stage operation consisting of soft tissue release and osteotomy. The 
results of our study show an average postoperative Meary’s angle of 4.7 ± 10.3 after the two-stage technique described 
here.
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Table 4 Wicart grading system for correction of pes cavovarus with respect to postoperative lateral Meary’s angle

Correction score M

Very good 0 ≤ M < 5

Good 5 ≤ M < 15

Fair 15 ≤ M < 20

Poor M ≥ 20 or need for revision surgery

M: Meary’s angle.

Figure 3 Postoperative lateral and anteroposterior radiographs obtained after second-stage cuneiform osteotomy demonstrating further 
improvement in Meary’s angle, anteroposterior talo-first metatarsal angle angle, and talonavicular coverage. A: Meary’s angle (lateral talus-first 
metatarsal angle); B: Anteroposterior talo-first metatarsal angle; C: Talonavicular coverage.
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There was a low incidence of post-operative complications among the patients in our study. Pressure sore development 
in patients with SB has a reported incidence up to 60%, and the feet are a commonly affected anatomic location[24,25]. 
Within the first nine months of follow-up after the second stage of the operation, no patients in our cohort developed 
neuropathic ulceration. There was one patient that required re-operation for correction of an equinus contracture.

To the authors’ knowledge, this is the first paper to specifically describe a treatment algorithm for cavus and cavovarus 
in patients with SB. Limitations of the study include its retrospective nature and relatively small sample size. Also, due to 
the treatment algorithm, it is impossible to blind stage of treatment in the radiographic analyses. As exemplified in 
Figure 3, osseous procedures such as the corrective osteotomy and hallux interphalangeal joint arthrodesis are easily 
identifiable. Therefore, the senior author recognizes that such images must have been obtained after the second stage of 
the operation. Additionally, the study does not specifically evaluate clinical outcome measures such as the American 
Orthopedic Foot and Ankle Society score or pedobarographic data. However, efficacy of the operation was evaluated 
through radiographic parameters which have been shown to correlate with correction[2]. Lastly, a portion of our patients 
did not have final weightbearing films and thus were not included in the radiographic analysis. Future studies could 
include a prospective design that would allow for functional scoring both pre- and postoperatively with a larger sample 
size to better characterize the clinical outcomes of cavovarus correction.

CONCLUSION
Two-stage operation consisting of plantar fascia release followed by osteotomy has been previously described as an 
effective treatment option for the surgical correction of pediatric pes cavovarus. No study exists, to date, describing the 
treatment for children and adolescents with SB. The results of this study demonstrate that a two-stage treatment 
algorithm consisting of plantar fascia release and osteotomy produced good correction of the cavovarus deformity in 
these patients. The two-stage procedure promoted the sequential correction of residual bony or soft tissue contributions 
to the deformity that may not be adequately corrected by a single-stage operation. When surgical intervention becomes 
necessary, the authors advocate for consideration of the two-stage operation presented here.
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Abstract
BACKGROUND 
Tobacco use is a well-documented modifiable risk factor for perioperative 
complications.

AIM 
To determine the tobacco abstinence rates of patients who made cessation efforts 
prior to a total joint arthroplasty (TJA) procedure.

METHODS 
A retrospective evaluation was performed on 88 self-reported tobacco users who 
underwent TJA between 2014-2022 and had tobacco cessation dates within 3 mo 
of surgery. Eligible patients were contacted via phone survey to understand their 
tobacco use pattern, and patient reported outcomes. A total of 37 TJA patients 
participated.

RESULTS 
Our cohort was on average 61-years-old, 60% (n = 22) women, with an average 
body mass index of 30 kg/m2. The average follow-up time was 2.9 ± 1.9 years. A 
total of 73.0% (n = 27) of patients endorsed complete abstinence from tobacco use 
prior to surgery. Various cessation methods were used perioperatively including 
prescription therapy (13.5%), over the counter nicotine replacement (18.9%), 
cessation programs (5.4%). At final follow up, 43.2% (n = 16) of prior tobacco 
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smokers reported complete abstinence. Patients who were able to maintain cessation postoperatively had 
improved Patient-Reported Outcomes Measurement Information System (PROMIS)-10 mental health scores (49 vs 
58; P = 0.01), and hip dysfunction and osteoarthritis outcome score for joint replacement (HOOS. JR) scores (63 vs 
82; P = 0.02). No patients in this cohort had a prosthetic joint infection or required revision surgery.

CONCLUSION 
We report a tobacco cessation rate of 43.2% in patients undergoing elective TJA nearly 3 years postoperatively. 
Patients undergoing TJA who were able to remain abstinent had improved PROMIS-10 mental health scores and 
HOOS. JR scores. The perioperative period provides clinicians a unique opportunity to assist active tobacco 
smokers with cessation efforts and improve postoperative outcomes.

Key Words: Smoking cessation; Total joint arthroplasty; Outcomes; Tobacco use; Postoperative abstinence

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: From a retrospective review of 37 self-reported tobacco users undergoing total joint arthroplasty, we found a 
tobacco cessation rate of 43.2% at nearly 3 years postoperatively. These patients had improved Patient-Reported Outcomes 
Measurement Information System-10 mental health scores and hip dysfunction and osteoarthritis outcome score for joint 
replacement scores.

Citation: Kim BI, O'Donnell J, Wixted CM, Seyler TM, Jiranek WA, Bolognesi MP, Ryan SP. Smoking cessation prior to elective 
total joint arthroplasty results in sustained abstinence postoperatively. World J Orthop 2024; 15(7): 627-634
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/627.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.627

INTRODUCTION
Tobacco use remains the leading cause of preventable disease, morbidity, and mortality in the United States, with 
estimated healthcare costs exceeding $240 billion dollars annually[1]. Smoking shortens people's lives by an average of 10 
years compared to non-smokers. This is secondary to coronary heart disease, aneurysms, atherosclerosis, chronic 
obstructive pulmonary disease, and cancers associated with tobacco use[2].

Tobacco use is a well-documented modifiable risk factor for many negative outcomes in orthopedic surgery. An 
increased risk of infection and wound complications is documented in every orthopedic subspecialty with tobacco use 
perioperatively[3-7]. In total joint arthroplasty (TJA), tobacco users have higher rates of wound complications and 
prosthetic joint infections (PJI) than non-users[8]. Former smokers have a lower risk of complications after TJA than 
current smokers, indicating that cessation efforts can have clinically relevant impacts on postoperative outcomes[8].

Smoking cessation's correlation with improved clinical outcomes in TJA is well-recognized[8,9]. While over 50% of 
adult cigarette smokers attempt to quit each year, only 7.5% of cessation attempts succeed[10]. To aid in cessation efforts, 
contemporary approaches involve pharmacologic and behavioral support programs. Importantly, many medical centers 
require smoking cessation for a period before elective surgery to reduce perioperative complications. Thus, elective 
surgery has been suggested to be an effective and durable method for helping patients abstain from tobacco use[11].

The purpose of the present study was to better understand tobacco use patterns postoperatively after preoperative 
cessation efforts in patients undergoing elective TJA. Secondary goals were to evaluate postoperative patient-reported 
outcomes (PROs) and identify effective methods for assisting with cessation efforts. We hypothesize that tobacco 
cessation prior to elective TJA will lead to lasting abstinence postoperatively for many patients at a higher rate than those 
undergoing cessation for other reasons, as reported in the literature.

MATERIALS AND METHODS
A retrospective review was undertaken for patients who underwent total hip and knee arthroplasty at a single tertiary 
referral center. The institutional electronic health record (EHR) database was queried for all primary total knee arthro-
plasty (TKA) (n = 3499) and primary total hip arthroplasty (THA) (n = 4687) performed by one of five fellowship-trained 
arthroplasty surgeons between January 2014 and December 2022. Patients less than 18 years of age were excluded. 
Patients undergoing arthroplasty for fracture or oncologic condition were excluded. Self-reported smoking status 
(current, former, or never smoker) was available for 1682 TKA and 1250 THA patients. Of these, 33 TKA and 55 THA had 
cessation dates recorded in the EHR within 3 mo of their TJA, for a cohort of 88 patients. The EHR was used to confirm 
that all patients in our cohort were smokers prior to surgery and had documented correspondence with their surgeon’s 
team to either quit or cut back on tobacco use preoperatively.
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Demographic information collected at the time of surgery included: age, race, sex, marital status, alcohol use, tobacco 
use, American Society of Anesthesiologist (ASA) grade, anesthesia type, body mass index (BMI), laterality, procedure 
details. Patient-Reported Outcomes Measurement Information System (PROMIS)-10, and knee injury and osteoarthritis 
outcome score for joint replacement (KOOS. JR) or hip dysfunction and osteoarthritis outcome score for joint replacement 
(HOOS. JR).

Our patient cohort was prospectively contacted to participate in a phone survey (Supplementary material). The survey 
included questions regarding their tobacco use prior to and after surgery, cessation efforts, current smoking status, as 
well as PROMIS-10, HOOS. JR or KOOS. JR scores. Patient reported cessation interventions were recorded as free 
responses and subsequently categorized into no intervention, prescription medication (varenicline, bupropion), nicotine 
replacement, counseling, and gum or mints. Patients who did not have accurate contact information or who were not able 
to be reached after three attempts were excluded. Five patients were contacted and declined participation in the survey. A 
total of 37 TJA patients voluntarily participated and met our inclusion and exclusion criteria. Patient selection is 
illustrated in Figure 1.

Descriptive statistics were used to interpret the data. Univariable statistics were performed using t-tests or chi-square 
tests. Paired Wilcoxon tests were used to compare individuals’ tobacco use before and after surgery and Bonferroni 
corrections were applied. No a priori power analysis was performed based on study design evaluating a retrospective 
cohort of patients over a fixed period when smoking cessation was required who were prospectively contacted. 
Sensitivity analysis performed at a power of 0.8 and alpha of 0.05 for a one-tailed t-test demonstrated that the current 
study group sizes were sufficient to detect large effect size differences (P > 0.8). Statistical analysis was performed with 
SAS 9.4 (SAS Institute Inc, Cary, NC). Significance level was defined as P < 0.05. Institutional review board approval was 
obtained for this study.

Our cohort was on average 60.62 ± 11.90-years-old, 59.5% (n = 22) female, 70.3% (n = 26) Caucasian, 56.8% (n = 21) 
married, with an average BMI of 29.96 kg/m2 ± 6.86 kg/m2. Average ASA score was 2.43 ± 0.55 and average length of 
hospital stay was 2.76 ± 1.92 d. There were no significant differences in demographic information between those that 
remained abstinent from tobacco and those that did not postoperatively. Basic demographic information can be seen in 
Table 1. The average time from surgery to completion of the survey was 2.85 ± 1.93 years.

RESULTS
Out of the 88 eligible patients, 40 (45.5%) were able to be contacted and volunteered to participate in our survey. A total 
of 37/40 patients confirmed that they were able to reduce or quit tobacco products prior to their elective TJA. All patients 
(n = 37) reported tobacco use within the year preceding their total joint replacement with 86.5% (n = 32) smoking 
cigarettes. A total of 83.8% (n = 31) of patients stated that they received a tobacco cessation request from their surgeon 
prior to their elective total joint surgery. 100% (n = 37) of patients reduced their tobacco use prior to surgery and 73.0% (n 
= 27) of patients maintained complete abstinence prior to their surgery.

There were various methods used to help abstain from tobacco use perioperatively. The most common method was 
“cold turkey” with 64.5% (n = 24) of patients not using any cessation aids. 13.5% (n = 5) of patients used prescription 
pharmacologic therapy, and 18.9% (n = 7) of patients used over the counter nicotine replacement therapy. Only two 
patients (5.4%) reported using a cessation program to help curb tobacco use perioperatively. At final follow up, 43.2% (n 
= 16) of prior tobacco smokers maintained complete abstinence. Those that relapsed did so at an average of 2.73 ± 1.82 mo 
after surgery. Tobacco use and cessation information is illustrated in Table 2.

PROMIS-10 physical and mental health scores were collected along with KOOS. JR for TKAs and HOOS. JR for THAs. 
Overall, PROMIS-10 mental health scores were significantly higher in those that were able to maintain cessation long-
term at the distribution of this survey (48.58 vs 57.79; P < 0.01). KOOS. JR were also significantly improved in those that 
maintained tobacco cessation (63.12 vs 82.05; P = 0.02). Although both the PROMIS-10 physical function score and the 
KOOS. JR scores were improved with tobacco abstinence at time of the survey, these did not reach statistical significance 
at P = 0.09 and P = 0.40, respectively. Patient reported outcomes are documented in Table 3.

Complications related to the TJA were collected. There was one superficial surgical site infection (SSI) that was treated 
with oral antibiotics. There was one hip dislocation after a fall that required a sedated closed reduction at an outside 
facility without subsequent dislocations. None of the patients in this cohort had a PJI or required revision surgery on their 
TJA.

DISCUSSION
Smoking tobacco perioperatively is a modifiable risk factor for surgical complications with associated increased cost of 
care[3,4,9-11]. In TJA patients, cessation from tobacco use preoperatively has been shown to improve postoperative 
outcomes and reduce the risk of wound complications and PJI[8,9]. Cessation programs and pharmacologic agents can 
help with these efforts and have been shown to be efficacious and cost effective[12]. Prior investigations have shown that 
cessation attempts in the perioperative period can substantially increase success rates in active tobacco users[13].

In our study, 73.0% of patients were able to quit tobacco use prior to surgery, and 43.2% of patients reported continued 
abstinence at an average follow up of 3.11 years postoperatively. It is estimated that only 7.5% of all tobacco cessation 
attempts are successful in the general population[10]. However, the present study notes a cessation rate that was nearly 
six-times higher. This is in line with other studies reporting a high rate of successful tobacco cessation surrounding 

https://f6publishing.blob.core.windows.net/0aecb5eb-e1de-4a26-a7a2-2a6d089244e7/93603-supplementary-material.pdf
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Table 1 Basic demographics, n (%)

Parameter Overall cohort Relapsed postop Abstinent postop P value

Number of patients 37 21 16

Total knee replacement 17 (45.9) 12 (57.1) 5 (31.2) 0.22

Average age in yr (SD) 60.62 (11.90) 62.76 (12.32) 57.81 (11.08) 0.22

Male 15 (40.5) 9 (42.9) 6 (37.5) 1.00

Race 0.62

African American 10 (27.0) 5 (23.8) 5 (31.2) 

Caucasian 26 (70.3) 15 (71.4) 11 (68.8) 

Other 1 (2.7) 1 (4.8) 0 (0.0) 

Marital status 0.36

Divorced 6 (16.2) 5 (23.8) 1 (6.2) 

Married 21 (56.8) 10 (47.6) 11 (68.8) 

Single 9 (24.3) 5 (23.8) 4 (25.0) 

Widowed 1 (2.7) 1 (4.8) 0 (0.0) 

Average BMI (SD) 29.96 (6.86) 30.53 (6.75) 29.20 (7.17) 0.58

Average ASA (SD) 2.43 (0.55) 2.52 (0.60) 2.31 (0.48) 0.26

Hospital LOS in d (SD) 2.76 (1.92) 2.90 (2.21) 2.56 (1.50) 0.6

Follow up mean (SD) 2.85 (1.93) 2.65 (2.20) 3.11 (1.53) 0.48

ASA: American Society of Anesthesiologist; BMI: Body mass index; LOS: Length of stay.

Figure 1 Patient selection diagram. TJA: Total joint arthroplasty.

elective TJA. Smith et al[11] reported on 23 patients who underwent lower extremity orthopedic surgery and found that 
48% of patients maintained smoking abstinence for at least 1 year postoperatively. Hall et al[14] surveyed 124 patients 
undergoing TJA and found that 23% of patients never resumed smoking at an average follow up of 52 (range 15-126) mo
[14]. Perioperative care and timing surgery around smoking cessation provides clinicians with a unique opportunity to 
assist active tobacco smokers with durable cessation effects.

In our study, methods used to quit or cut back on tobacco use included nicotine replacement, prescription medications, 
and cessation programs. Most patients reported using no cessation aids. There is a cessation program available at our 
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Table 2 Tobacco use information, n (%)

Parameter Overall cohort Relapsed postop Abstinent postop P value

Number of patients 37 21 16

Tobacco use preoperatively 0.66

Cigarettes 32 (86.5) 18 (85.7) 14 (87.5) 

Cigars 4 (10.8) 2 (9.5) 2 (12.5) 

Other 1 (2.7) 1 (4.8) 0 (0.0) 

Provider requested tobacco abstinence preoperatively 0.34

Yes 31 (83.8) 19 (90.5) 12 (75.0) 

No 5 (13.5) 2 (9.5) 3 (18.8) 

Can't remember 1 (2.7) 0 (0.0) 1 (6.2) 

PPD prior to cessation efforts (SD) 0.74 (0.52) 0.80 (0.55) 0.68 (0.48) 0.51

Complete tobacco abstinence preoperatively 27 (73.0) 15 (71.4) 12 (75.0) 1.00

PPD preoperatively after cessation efforts 0.06 (0.12) 0.08 (0.14) 0.04 (0.10) 0.49

Time until tobacco relapse in mo (SD) 2.73 (1.82) 2.73 (1.82) Not Applicable

Cessation method 0.55

Nothing 24 (64.9) 12 (57.1) 12 (75.0) 

Prescription medication

Varenicline 2 (5.4) 2 (9.5) 0 (0.0) 

Bupropion 3 (8.1) 1 (4.8) 2 (12.5)

Nicotine replacement 7 (18.9) 6 (28.6) 1 (6.2)

Counseling 2 (5.4) 2 (9.5) 0 (0.0) 

Gum or mints 2 (5.4) 0 (0.0) 2 (12.5)

Current tobacco use 19 (51.4) 19 (90.5) 0 (0.0) < 0.01

Tobacco use at some point postoperatively 2 (5.4) 2 (9.5) 0 (0.0) 0.59

Average PPD (SD) 0.24 (0.35) 0.44 (0.37) 0.00 (0.00) < 0.01

Reported complication postoperatively 0.36

SSI 1(2.7) 0 (0.0) 1 (6.2)

Dislocation 1(2.7) 1 (4.8) 0 (0.0)

PJI 0 (0.0) 0 (0.0) 0 (0.0)

Revision surgery 0 (0.0) 0 (0.0) 0 (0.0)

PJI: Prosthetic joint infections; PPD: Packs per day; SSI: Surgical site infection.

institution, however this was not commonly utilized by patients. There is evidence to suggest that offering smoking 
interventions, behavioral support, and nicotine replacement therapy are effective at increasing the likelihood of periop-
erative abstinence, limiting relapse, and reducing postoperative morbidity[13]. This suggests that even higher rates of 
long-term tobacco abstinence could have been achieved with initiatives or standardized programs for these patients. 
Targeted therapeutic interventions could provide a secondary benefit of helping prevent relapse postoperatively in active 
tobacco users.

Preoperative patient reported outcome scores including PROMIS-10, HOOS. JR and KOOS. JR were incomplete and 
could not be reported. Postoperative PROs showed a statistically significant improvement in PROMIS-10 global mental 
health scores in patients who maintained cessation until the time of the survey. Additionally, HOOS. JR scores were 
significantly improved in patients who had a THA and maintained smoking cessation until final follow up. The PROMIS 
mental health score has not been shown to be independently predictive of postoperative achievement of minimal 
clinically important difference (MCID) in TJA patients[15]. The MCID for HOOS. JR using an anchor-based approach has 
been calculated to be 18 points[16]. There was an 18.9-point improvement in HOOS. JR scores in THA patients who were 
able to maintain tobacco abstinence postoperatively compared to those that resumed tobacco use, suggesting a significant 
clinical improvement. Aside from the numerous health benefits that can be achieved with tobacco cessation, there is 
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Table 3 Patient reported outcome scores

Outcome score Overall cohort Relapsed postop Abstinent postop P value

Number of patients 37 21 16

Promis-10 physical function score, Mean (SD) 46.35 (9.25) 44.12 (9.52) 49.27 (8.27) 0.09

Promis-10 mental health score, Mean (SD) 52.56 (10.60) 48.58 (11.65) 57.79 (6.12) < 0.01

KOOS. JR, Mean (SD) 80.77 (17.58) 78.36 (19.88) 86.56 (9.52) 0.4

HOOS. JR, Mean (SD) 73.53 (18.02) 63.12 (8.23) 82.05 (19.63) 0.02

KOOS. JR: Knee injury and osteoarthritis outcome score for joint replacement; HOOS. JR: Hip dysfunction and osteoarthritis outcome score for joint 
replacement.

potential for improvements in TJA outcomes with continued smoking abstinence postoperatively as demonstrated here. 
We suggest that clinicians should focus equal effort in limiting tobacco use postoperatively as they do preoperatively.

Patients who relapsed postoperatively did so early, at an average of less than 3 mo postoperatively. From a public 
health perspective, efforts should focus on maintaining smoking cessation in patients in this perioperative period to 
prevent relapse. Gilpin et al[17] reported that there was a lower relapse rate in patients who remained continuously 
abstinent for longer periods of time. Overall, they showed that the probability of remaining continuously abstinent until 
final follow-up was around 90% for former smokers who had quit for 3 mo or longer and 95% for those who had quit for 
1 year or longer. Concerted efforts by providers and patients in the perioperative period may lead to higher rates of 
successful cessation long-term.

The limitations of this study are well-recognized. Our study sample is limited by the small number of patients 
included, limited geographic region, and accuracy and availability of information in the EHR, which may limit the 
generalizability of our findings. We only reported on patients who had documented smoking status in their record, which 
confined us to only 35% of the TJA patients and may underestimate the true prevalence of tobacco use within our TJA 
patient population. Laboratory testing for nicotine in patients is not routine at our institution, and this study relied on 
patient-reported tobacco use habits. Furthermore, the retrospective nature of patient interviews allows for potential 
confounding factors through recall and response bias. Despite this, self-reported smoking status has been validated in 
orthopedic patients compared to objective cotinine measurements[18]. There were five patients who we were able to 
contact but who declined participation in our survey. Along with this, a large percentage of patients had inaccurate 
contact information or could not be reached by phone call, which also introduces potential bias into our study. Finally, 
the present study did not include a control group of patients without preoperative tobacco cessation efforts, limiting the 
attributability of differences in postoperative outcomes on successful cessation alone. Future studies with larger sample 
sizes, prospective designs, and inclusion of control groups are warranted to validate the efficacy of preoperative tobacco 
cessation interventions in the TJA population.

Despite these limitations, the present study showed that patients undergoing TJA who were able to remain abstinent 
from tobacco products postoperatively had improved PROMIS-10 mental health scores and HOOS. JR with effect sizes 
large enough to be detected at the present sample sizes. Forty three percent of patients in our cohort reported continued 
abstinence at an average follow up of nearly 3 years postoperatively. This equates to a nearly six-times higher tobacco 
cessation rate seen perioperatively compared to attempts made by the general population[10]. Requiring tobacco 
cessation prior to elective arthroplasty can help patients effectively obtain and maintain tobacco abstinence. This 
highlights an important opportunity for patients and providers to make concerted efforts towards tobacco cessation to 
positively impact patient outcomes.

CONCLUSION
Tobacco use is a well-documented modifiable risk factor for many negative outcomes in orthopedic surgery including 
higher rates of wound complications and infection. Many institutions encourage tobacco cessation prior to elective 
surgery. It is estimated that only 7.5% of all tobacco cessation attempts are successful. Reports suggest higher rates of 
abstinence can be achieved surrounding elective surgery[11,14]. Here, we report a cessation rate of 43.2% in patients 
undergoing elective TJA. Most of these patients did not use cessation aids for assistance. Patients undergoing TJA who 
were able to remain abstinent from tobacco products postoperatively had improved PROMIS-10 mental health scores and 
HOOS. JR scores. The perioperative period provides clinicians a unique opportunity to assist active tobacco smokers with 
durable cessation efforts.
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Abstract
BACKGROUND 
Clubfoot, or congenital talipes equinovarus, is a widely recognized cause of 
disability and congenital deformity worldwide, which significantly impacts the 
quality of life. Effective management of clubfoot requires long-term, multidiscip-
linary intervention. It is important to understand how common this condition is in 
order to assess its impact on the population. Unfortunately, few studies have 
investigated the prevalence of clubfoot in Saudi Arabia.

AIM 
To determine the prevalence of clubfoot in Saudi Arabia via the patient population 
at King Fahad University Hospital (KFUH).

METHODS 
This was a retrospective study conducted at one of the largest hospitals in the 
country and located in one of the most densely populated of the administrative 
regions.

RESULTS 
Of the 7792 births between 2015 to 2023 that were included in the analysis, 42 
patients were diagnosed with clubfoot, resulting in a prevalence of 5.3 per 1000 
live births at KFUH.

CONCLUSION 
The observed prevalence of clubfoot was significantly higher than both global and 
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local estimates, indicating a substantial burden in the study population.
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Core Tip: Clubfoot, or congenital talipes equinovarus, is a congenital deformity with global impact, but comprehensive 
prevalence data for Saudi Arabia are lacking. This study at King Fahad University Hospital aimed to address this gap by 
analyzing 7792 births that occurred between 2015 and 2023. The analysis revealed a prevalence of 5.3 per 1000 live births, 
which is higher than global estimates and indicates a substantial burden. The findings emphasize the urgency of targeted 
interventions to address clubfoot in the Eastern Province of Saudi Arabia.

Citation: Alomran AK, Alzahrani BA, Alanazi BS, Alharbi MA, Bojubara LM, Alyaseen EM. Prevalence and associated factors of 
clubfoot in the eastern province of Saudi Arabia: A hospital-based study. World J Orthop 2024; 15(7): 635-641
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/635.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.635

INTRODUCTION
Congenital talipes equinovarus (CTEV), often called clubfoot, is a congenital condition characterized by cavus, adductus, 
varus, and equinus deformities of the leg. CTEV was first observed by Hippocrates in 300 BC[1]. It is one of the most 
frequently encountered foot abnormalities, and it can be seen immediately after birth[2]. CTEV patients have been known 
to have certain tibial and tarsal bone anatomical abnormalities, including mispositioned tarsal bones that result in high 
metatarsal bone flexion, increased planter arch curvature, equines foot with inverted, adducted calcaneus due to postero-
medial foot ligament contracture, calf muscle atrophy, and foot shortening. There are no histologic or electric 
abnormalities[3,4]. In 80% of cases, it presents by itself as an isolated malformation. It may present as syndromic CTEV 
secondary to other congenital anomalies such as spina bifida (myelomeningocele), arthrogryposis, or dystrophic 
dwarfism. That increases the risk of morbidity, mortality, and resistance to treatment[5,6].

CTEV can be a bilateral or unilateral deformity, with the right leg more commonly affected[2]. Despite extensive 
epidemiological, clinical, and basic science research, the etiology of club foot remains unclear. Most of investigations 
suggest a genetic component is involved, but that is inconsistent with the Mendelian inheritance pattern. Several studies 
have observed that CTEV was associated with deletion of CASP10, an apoptosis regulatory gene on chromosome 2 (2q31-
33)[7]. Other suggested causes include abnormalities of joint and/or bone formation, uterine restriction (oligohydr-
amnios), and neurological and vascular abnormalities that occur in the second trimester of pregnancy[1,8]. Numerous 
studies have reported male sex, maternal age, maternal smoking, maternal marital status, maternal education, and 
maternal diabetes as associated with increased risk of CTEV[9].

Classification of CTEV is essential to score the severity of CTEV at birth and to assess the outcome of treatment. While 
several classification systems have been developed in the last 50 years[10], the Dimeglio scale and Pirani score are the 
most commonly used clinical systems to assess the severity of CTEV[11]. Prognosis depends on associated conditions but 
is generally excellent for cases of isolated CTEV[12]. Conservative nonsurgical treatments include manipulation and 
casting. Surgical techniques include soft tissue release and bone procedures[11]. However, conservative management is 
widely accepted due to the high risk of post-surgical complications[12]. Conservative treatments include the Kite method, 
physiotherapy, and the Ponseti method. The Ponseti method has recently been recognized as the most effective treatment 
with minimal complications in both isolated and syndromic cases, including idiopathic or syndromic comorbidities[6,11]. 
Inadequate treatment of CTEV can lead to lifelong disabilities, chronic pain, and limited opportunities for education and 
employment[13], King Faisal street[14].

The incidence and prevalence of CTEV vary with race and ethnicity. Globally, there are 0.6-1.5 cases of CTEV per 1000 
live births per year, with a total of 150000 infants being affected annually. CTEV is thus one of the most common birth 
defects in children. Bilateral CTEV occurs in approximately 50% of cases, with a male-to-female ratio of 2:1[4,15,16]. Kruse 
et al[17] described the sex difference as the Carter effect, with girls having more predisposing genes than boys and the 
ability to transmit them to their offspring. About 80% of CTEV cases have been reported in low-middle income countries
[2] and CTEV is estimated to affect 2.3/1000 (0.23%) of Saudis visiting King Saud Medical City[18]. In order to 
understand the impact and burden of CTEV on the population, it is important to determine its prevalence. Unfortunately, 
few studies have been conducted on the prevalence of CTEV in Saudi Arabia.

This study investigated the prevalence of CTEV in the Eastern Province of Saudi Arabia, with a specific focus on King 
Fahad University Hospital (KFUH). The goal was to better understand the prevalence of this condition in this country. 
The findings of the study increase the understanding of CTEV and can help guide future interventions and healthcare 
planning.
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MATERIALS AND METHODS
Data was collected from patient medical profiles in the QuadraMed system (QuadraMed Corp., Plano, TX, United States) 
and the database at the KFUH Orthopedic Department.

Study setting/subject
The research was carried out at KFUH. With a capacity of 540 beds, it is the largest university hospital in the Eastern 
Province of Saudi Arabia. Saudi patients of both sexes who were diagnosed with CTEV between 2015 and 2023, had 
medical records with complete diagnostic and patient information, and were 0-5 years of age, were eligible to participate 
in this study. We conducted a comprehensive evaluation that included all instances of isolated CTEV as well as those 
accompanied by additional idiopathic or syndromic comorbidities.

Study design
This was a retrospective, descriptive, cross-sectional study. This design was chosen because its analytical data capabilities 
suit the purpose of this study.

Sampling technique
The sample was assessed by examining medical files included in a list provided by the orthopedic department’s database 
and the QuadraMed program at KFUH. There were 42 cases of CTEV, 38 of which had been born in the hospital. Four 
cases had been born in the Maternal and Child Hospital, which is a part of the University Hospital and is located near the 
main building. Thirty-nine of the cases were diagnosed clinically by physical examination and three were identified by 
prenatal ultrasonography. The diagnosis was primarily by physical examination that identified CTEV deformities 
including midfoot cavus, forefoot adduction, and hindfoot equinus and valgus.

Data collection
Following approval by the hospital’s Institutional Review Board, the required data were obtained from medical files by a 
medical student who was supervised by two orthopedic physicians from KFUH.

Data management
The study results were reported as frequencies and percentages and the analysis were performed with Statistical Package 
for the Social Sciences version 20 (IBM Corp., Armonk, NY, United States).

RESULTS
Patient characteristics
A total of 7792 births at KFUH between 2015 and 2023 were included in the analysis. CTEV was diagnosed in 42 children, 
resulting in a prevalence of 5.3 per 1000 live births. The male-to-female ratio was 2.23:1.00 with 69% male and 31% female 
patients. The epidemiological description of CTEV was obtained from data on these 42 cases that was collected by the 
Orthopedics Department at KFUH. Table 1 describes the characteristics of the patients and Table 2 lists the associated 
medical conditions. Stacked bar charts in Figure 1 were used to outline the frequencies of idiopathic and non-idiopathic 
CTEV from 2016 to 2022. There were no cases in 2015 and 2023.

Analysis of the related factors
A multiple regression analysis was conducted to examine the association of various demographic and clinical parameters 
and the occurrence of CTEV. The outcomes revealed several significant predictors. Initially, the presence of maternal 
chronic illness (β coefficient = 0.02 and P = 0.45) and familial predisposition to CTEV (β coefficient = 0.08 and P = 0.29) 
were not significantly predictive. Developmental dysplasia of the hip (DDH) (β coefficient = 0.31 and P < 0.001) was 
significantly predictive of CTEV. In particular, CTEV occurrence was estimated to be 2.5-fold more likely in individuals 
with DDH than in those without DDH. Regarding the sidedness of CTEV, bilateral manifestation was significantly 
associated with the presence of DDH (β coefficient = 0.22 and P = 0.003). In addition, DDH was significantly associated 
with unilateral CTEV (β coefficient = 0.18 and P = 0.012). In the cohort presenting with associated ailments, arthro-
gryposis, hydrocephalus, myelomeningocele, undescended testicle, sacrococcygeal teratoma, spina bifida, and congenital 
insensitivity to pain syndrome, all emerged as noteworthy and significant prognosticators of CTEV onset, with varying β-
coefficients and corresponding P values. Furthermore, the collective presence of these associated maladies explained a 
substantial proportion of the variance observed in CTEV occurrence (R2 = 0.45, F8,33 = 12.54, P < 0.001).

DISCUSSION
CTEV, or clubfoot, is one of the most common causes of disability and congenital deformity worldwide, and it 
significantly impacts quality of life. CTEV management requires long-term multidisciplinary intervention. Determining 
the prevalence of this condition is crucial for assessing the impact of CTEV in Saudi Arabia. The prevalence of CTEV in 
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Table 1 Characteristics of patients seen in the pediatric orthopedic clinic at King Fahad University Hospital, n (%)

Characteristic Total, n = 42

Sex

Male 29 (69.0)

Female 13 (31.0)

Clubfoot

Bilateral 27 (64.3)

Unilateral 15 (35.7)

Right 8 (19.0)

Left 7 (16.7)

Developmental dysplasia of the hip

Yes 4 (9.5)

No 38 (90.5)

Maternal history of chronic disease

Diabetes mellitus 1 (2.4)

None 41 (97.6)

Table 2 Associated medical condition of patients seen in pediatric orthopedic clinic at King Fahad University Hospital, n (%)

Associated medical condition Total, n = 42

Arthrogryposis 3 (7)

Hydrocephalus 3 (7)

Myelomeningocele 3 (7)

Undescended testicle 2 (4)

Sacrococcygeal teratoma 1 (2)

Spina bifida 1 (2)

Congenital insensitivity to pain syndrome 1 (2)

None 28 (67)

this birth cohort at KFUH in Saudi Arabia’s Eastern Province was 5-times higher than the global estimate. KFUH is one of 
the largest hospitals in one of the five most densely populated of the 13 administrative regions in Saudi Arabia.

As shown in this study, the prevalence of CTEV among 7792 births at KFUH was 5.3 per 1000 live births. This result is 
considerably different from findings of global and local studies. Of the 42 CTEV patients, 7 required surgical intervention 
owing to a late diagnosis, which is often made after the 1st year of life. At the 5-year follow-up, both the surgically treated 
and conservatively treated cohorts had similar functional outcomes, including walking age, walking distance, athletic 
participation, stair climbing ability, and foot pain complaints. Table 3 presents a detailed comparison of the clinical 
results between patients with clubfoot who underwent surgical intervention and those who underwent conservative 
treatment. The analysis did identify significant risk factors within the cohort. Parental consanguinity was present in 36 
cases. Prolonged labor, exceeding the standard duration of 24 hours, was noted in 33 cases. Breech presentation occurred 
in 17 cases. Additionally, 28 cases had associated neuromuscular syndromes, as previously detailed. Table 4 highlights 
these risk factors and their significance. A 2017 estimate of the average global prevalence of CTEV in children less than 5 
years of age was 0.9 per 1000 live births, or 675061 cases in a population of 675100000 children[13]. Asia had the highest 
CTEV prevalence[13]. A study of the prevalence of CTEV in Europe in 2019 estimated that it was 1.13 per 1000 live births
[18]. Our study findings revealed a prevalence approximately 5-times higher than the global estimate. A previous study 
in Saudi Arabia also reported that the overall rates and incidence of congenital disease and malformation were above 
average compared to the other parts of the world[19]. The high incidence of CTEV is probably related to the high rate of 
consanguineous marriage, which others have shown to contribute to the prevalence and risk of CTEV. A previous study 
found that in 31% of the CTEV cases, the parents were related (i.e., first- or second-degree cousins)[15]. In Turkey, where 
consanguineous marriages are frequent, studies have demonstrated that children born to first-cousin parents had a 
significantly increased prevalence of CTEV, with a risk of idiopathic CTEV that was over 4-times higher than the average
[20,21]. However, a study conducted in China, where consanguinity is uncommon, found a prevalence of 4.27-7.00 per 
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Table 3 Characteristics of patients seen in pediatric orthopedic clinic at King Fahad University Hospital

Clinical outcome Surgical treatment (mean ± SD) Conservative treatment                                        (mean ± SD) P value

Walking age (months) 15 ± 3 16 ± 4 0.01

Walking distance (meters) 500 ± 50 480 ± 70 0.02

Athletic participation 80% 75% 0.02

Stair climbing ability Good Good 0.01

Foot pain complaint 30% 27% 0.02

Table 4 Significant risk factors and their statistical significance

Risk factor Number of cases SD P value

Parental consanguinity 36 4.2 0.045

Prolonged labor (> 24 hours) 33 3.9 0.021

Breech presentation 17 2.8 0.072

Presence of neuromuscular conditions 28 4.0 0.032

Figure 1 Distribution of cases per year from 2016 to 2022.

1000 live births[22]. A hospital-based study conducted in Riyadh, Saudi Arabia with a sample size of 18515 births found a 
prevalence of 2.2 per 1000 live births[15]. Studies in China and the United States reported prevalences of congenital CTEV 
in male and female babies of 5.31 and 4.30 per 10000 births, respectively[22,23]. In our study the male-to-female ratio of 
2.23:1.00 indicated that male sex was associated with the risk of CTEV in this birth cohort.

Various factors that may contribute to an increased risk of developing CTEV have been identified. These include 
maternal and paternal smoking, family history, exposure to amniocentesis and selective serotonin reuptake inhibitors, 
gestational diabetes, nulliparity, and male sex. A comprehensive meta-analysis and systematic review of 42 studies (28 
case-control, 10 cohort, and 4 randomized trial) comprising 31844 CTEV cases and 6604013 controls that was conducted in 
2018 confirmed the significance of previously identified risk factors[24]. In it, 10% of the mothers had chronic diseases, 
with asthma, hypertension, and diabetes mellitus accounting for 5%, 3%, and 2%, respectively. In addition, a family 
history of CTEV was present in 5% of the cases, a relatively low rate compared to both local and global studies[5,18]. Such 
a low percentage could have been the consequence of a small sample size, as in a single-hospital based study.

Several associated conditions have been observed among CTEV cases, including asthma, speech difficulties, 
undescended testis, and DDH. However, all these conditions occur in an insignificant number of CTEV cases, repres-
enting only 2% for each[25,26]. First, asthma is among the most common chronic diseases in Saudi Arabia, with an 
estimated prevalence of 14.3%[21]. Consequently, asthma and CTEV have a weak association, as shown in this study, 
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based on the relatively small sample. Second, speech difficulties and undescended testis also comprised an insignificant 
percentage. These points should be further investigated in a larger sample to give a well-determined strength of 
association.

DDH is one of the most critical anomalies associated with CTEV. In a prospective study of 101 cases, 16 were 
associated with mild DDH and 1 case met the acetabular index criteria of severe DDH (i.e., Tönnis angle)[27]. Moreover, 
an observational study including 119 cases found that 9 were diagnosed with DDH[26]. In this study, the incidence of 
DDH was relatively high compared to other studies in which 7% of the cases were diagnosed with DDH. However, 
another local study showed nearly double this percentage[25]. This study found a significant difference in the laterality of 
the condition, with 68% of the patients affected bilaterally and 38% unilaterally. The right foot was involved in 19% of the 
unilateral cases and the left foot was involved in 17%. This difference was not significant in other studies[26,27].

This study has potential limitations. First, it was conducted at a single hospital, focused on a specific region in Saudi 
Arabia, and may not be represent the entire population. Therefore, caution should be exercised in generalizing the 
findings to the broader Saudi population. Second, the past medical history of mothers was not adequately documented, 
which could affect the reliability of the reported chronic diseases. Further study is needed to explore associated 
conditions and their prevalence in greater detail, using larger sample sizes and more diverse settings.

CONCLUSION
This study provides valuable insights into the prevalence of CTEV in Saudi Arabia, specifically in the Eastern Province. 
The study population had a significant burden of CTEV, with a higher prevalence than both global and local statistics. 
Comprehensive interventions and healthcare planning are needed to manage and address the associated conditions of 
CTEV in Saudi Arabia. More study is needed to better understand the prevalence of CTEV and associated factors in Saudi 
Arabia.
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Abstract
BACKGROUND 
Tibial avulsion fractures of the posterior cruciate ligament (PCL) are challenging 
to treat and compromise knee stability and function. Traditional open surgery 
often requires extensive soft tissue dissection, which may increase the risk of 
morbidity. In response to these concerns, arthroscopic techniques have been 
evolving. The aim of this study was to introduce a modified arthroscopic tech-
nique utilizing an M-shaped suture fixation method for the treatment of tibial 
avulsion fractures of the PCL and to evaluate its outcomes through a case series.

AIM 
To evaluate the effects of arthroscopic M-shaped suture fixation on treating tibia 
avulsion fractures of the PCL.

METHODS 
We developed a modified arthroscopic M-shaped suture fixation technique for 
tibia avulsion fractures of the PCL. This case series included 18 patients who 
underwent the procedure between January 2021 and December 2022. The patients 
were assessed for range of motion (ROM), Lysholm score and International knee 
documentation committee (IKDC) score. Postoperative complications were also 
recorded.

https://www.f6publishing.com
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RESULTS 
The patients were followed for a mean of 13.83 ± 2.33 months. All patients showed radiographic union. At the final 
follow-up, all patients had full ROM and a negative posterior drawer test. The mean Lysholm score significantly 
improved from 45.28 ± 8.92 preoperatively to 91.83 ± 4.18 at the final follow-up (P < 0.001), and the mean IKDC 
score improved from 41.98 ± 6.06 preoperatively to 90.89 ± 5.32 at the final follow-up (P < 0.001).

CONCLUSION 
The modified arthroscopic M-shaped suture fixation technique is a reliable and effective treatment for tibia 
avulsion fractures of the PCL, with excellent fracture healing and functional recovery.

Key Words: Posterior cruciate ligament; Avulsion fracture; Arthroscopic; Case series; Suture fixation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we describe a novel modification to the arthroscopic M-shaped suture fixation approach for tibial 
avulsion fractures of the posterior cruciate ligament (PCL), which emphasizes the creation of a suture fixation configuration 
resembling the letter "M", intended to achieve a more secure anatomical fixation of the avulsed bony fragment to the tibia. 
And we evaluate its outcomes through a case series. Our results showed that our modified arthroscopic treatment of PCL 
tibial avulsion fractures provides good clinical outcomes, radiologic healing, and knee stability. This fixation technique is 
worthy of widespread promotion.

Citation: Zhang XH, Yu J, Zhao MY, Cao JH, Wu B, Xu DF. Arthroscopic M-shaped suture fixation for tibia avulsion fracture of 
posterior cruciate ligament: A modified technique and case series. World J Orthop 2024; 15(7): 642-649
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/642.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.642

INTRODUCTION
The posterior cruciate ligament (PCL) is a critical stabilizer of the knee that maintains posterior and rotational stability 
during motion[1]. Injury to the PCL disrupts this normal kinetic functionality, leading to altered joint mechanics and 
increased joint instability, particularly in the anterior-posterior direction[2,3]. The PCL avulsion fracture is a rare form of 
PCL injury that is usually caused by high-energy events, such as motorcycle accidents, dashboard contact and hyper-
flexion[4]. Tibial avulsion fractures, wherein the PCL is intact but its bony attachment to the tibia is compromised, 
necessitate timely and effective treatment to restore joint stability and prevent the development of chronic knee issues, 
such as osteoarthritis[5].

While conservative management may be considered for nondisplaced avulsion fractures, surgical intervention is 
typically indicated for displaced fractures to re-establish joint stability and function[6,7]. Traditionally, open surgical 
techniques have been the mainstay for the fixation of tibial avulsion fractures. However, with advancements in arthro-
scopic technology, minimally invasive approaches have evolved[8]. Arthroscopy offers the benefits of minimal soft tissue 
dissection, lower infection risk, faster recovery, and the ability to assess and address intra-articular pathology concur-
rently.

Despite these advantages, arthroscopic fixation of tibial avulsion fractures has several challenges, including difficulty 
in reliably securing the avulsion fracture, as well as the high technical demands of the procedure. Various suture and 
fixation techniques have been described in the literature, and they have all been proven to be effective[9-13]. 
Nevertheless, the evolution of this technique continues as improvements are sought to optimize clinical outcomes and 
address technical limitations. Hence, we introduce a novel modification to the arthroscopic M-shaped suture fixation 
approach for tibial avulsion fractures of the PCL, which emphasizes the creation of a suture fixation configuration 
resembling the letter "M", intended to achieve more secure anatomical fixation of the avulsed bony fragment to the tibia.

In this study, we describe the modified technique, present a case series, delineate its surgical principles, and share our 
clinical outcomes with a focus on the safety, efficiency and stability imparted by this approach.

MATERIALS AND METHODS
This case series included patients with tibia avulsion fractures of the PCL who underwent arthroscopic M-shaped suture 
fixation at our institution between January 2021 and December 2022. The inclusion criteria were as follows: (1) Tibia 
avulsion fracture of the PCL confirmed by X-ray, computed tomography (CT) scan, or magnetic resonance imaging 
(MRI); (2) Meyers-McKeever class II or III fracture[14]; (3) Waiting time from injury to operation less than 3 weeks; and (4) 
No preoperative joint dysfunction or history of knee injury. The exclusion criteria were as follows: (1) Anterior cruciate 

https://www.wjgnet.com/2218-5836/full/v15/i7/642.htm
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ligament (ACL) injuries, collateral ligament injuries, or severe multiple-ligament injuries; (2) Distal femoral or proximal 
tibial fractures; (3) Severe neurovascular injury; and (4) Follow-up periods < 12 months. Ethical approval was obtained 
from the Ethics Committee of our hospital, and informed consent was obtained from all patients.

Surgical technique
All surgeries were performed by the same experienced orthopedic surgeon. The surgery was performed under general or 
spinal anesthesia with the patient in the supine position.

An anterolateral portal was established at the inferior level of the patella and slightly superior to the lateral aspect of 
the patellar tendon, and a conventional anteromedial portal (AM) was created. An arthroscope was used to inspect the 
joint space and to diagnose concomitant intra-articular ligament and meniscal lesions. The space between the ACL and 
PCL was opened carefully using a shaver, and then the arthroscope was passed through the anterior and PCL space to 
the posterior joint capsule. The affected limb was placed in the 4-font position. Afterward, two posterior medial incisions, 
upper and lower, were made under direct arthroscopic visualization. The posterior joint capsule was appropriately 
opened, and the gastrocnemius tendon was protected.

The arthroscope was inserted into the posterior joint cavity through the upper posteromedial portal, and both the 
upper and lower posteromedial portals were used to clean out the posterior joint cavity and expose the PCL avulsion 
bone fragment. After cleaning the bone bed, the PCL tibia guide was introduced into the posterior compartment through 
the AM portal. The tips of the guide were placed at the inferolateral or inferomedial corners of the tibial fracture bed. The 
tips were separated medially and laterally as much as possible and distributed on both sides of the distal bone bed. A 2.5 
mm Kirschner guide wire was drilled into the anteromedial tibial cortex (Figure 1A and B). Two tibial tunnels were 
established.

A hollow catheter was used to pass polydioxanone (PDS) through the front of the PCL through the AM, which was 
subsequently removed through the posterior medial portal. This PDS suture was used to introduce two Ethicon MB66 
sutures (Figure 1C). An epidural needle was used to introduce a PDS suture through one of the tibial tunnels (Figure 1D). 
This PDS suture was used to draw out both ends of one of the Ethicon MB66 sutures to the tibial tunnel opening 
(Figure 1E). In the same way, a PDS suture was introduced from another bone tunnel, and this PDS suture was utilized to 
draw out the two ends of another Ethicon MB66 suture to the tibial tunnel opening.

A suture grasper was used to adjust the position of the two Ethicon MB66 sutures so that the two sutures pressed on 
the fracture fragment in an "M" shape (Figure 1F). The bone fragments were reduced with the assistance of a probe 
(Figure 1G and H). The assistant performed the anterior tibial drawer test and tightened the two sutures. The avulsed 
bone fragment was observed and evaluated. After the fracture fragment was satisfactorily reduced (Figure 1I) and the 
PCL tension was restored, the sutures were knotted in pairs on the metal button. (The final fixation construct is shown in 
Figure 2).

Postoperative rehabilitation
The knee was immobilized in full extension for the first 3 weeks. Quadriceps exercises, straight leg raising, and ankle 
extension training were started immediately after surgery. After 3 weeks, protected passive flexion and extension with a 
knee brace were permitted. Partial weight bearing using crutches was allowed after 6 weeks. Full weight bearing was 
allowed after 8 weeks. Patients were encouraged to increase their activity gradually and resume normal life activities 3 
months after surgery. Patients were allowed to resume sports activities 6 months after surgery.

Outcome measures
Patients were followed up at regular intervals: 2 weeks, 4 weeks, 2 months, 3 months, 6 months, and 1 year postoper-
atively. Radiographic assessment (X-ray or CT) was performed immediately after surgery and at each follow-up visit to 
evaluate the reduction and healing of the fracture. MRI was performed on selected patients. The International knee 
documentation committee (IKDC) score[15], Lysholm score[16] and range of motion (ROM) were used to evaluate knee 
joint function. The posterior drawer test was performed to evaluate knee joint laxity.

Statistical analysis
Statistical analyses were performed using SPSS software. Continuous variables are expressed as the mean ± SD, and 
categorical variables are expressed as counts and percentages. Paired t tests were used to compare the preoperative and 
postoperative scores. Statistical significance was set at P < 0.05.

RESULTS
Patient characteristics
A total of 18 patients (9 males and 9 females) with tibial avulsion fractures of the PCL were included in this case series. 
The mean age of the patients was 49.72 ± 10.75 years. The injury mechanism was traffic accidents in 15 patients and falls 
from a height in 3 patients. Patient characteristics are summarized in Table 1.

Surgical outcomes
All patients successfully underwent the modified M-shaped suture fixation technique without intraoperative complic-
ations. The average surgical time was 55.28 ± 7.57 minutes, and intraoperative blood loss was minimal, with an average of 
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Table 1 Patient characteristics data

Characteristics Summary data

Number of patients (n) 18

Age (years) 49.72 ± 10.75

Gender, n (%)

Female 9 (50.0)

Male 9 (50.0)

Body mass index 24.32 ± 2.8

Side, n (%)

Left 13 (72.2)

Right 5 (27.8)

Cause of injury, n (%) 

Traffic accident 15 (83.3)

Falls from height 3 (16.7)

Meyers-McKeever classification, n (%)

Type II 7 (38.9)

Type III 11 (61.1)

Operation delay (day) 6.56 ± 3.09

Operation time (minute) 55.28 ± 7.57

Intraoperative blood loss (mL) 11.94 ± 5.46

Follow up (month) 13.83 ± 2.33

11.94 ± 5.46 mL.
Radiographic examination revealed anatomical reduction (Figure 3) and solid union in all patients at the final follow-

up. Three patients were selected for postoperative MRI. No displacement or nonunion of the fracture was found.

Functional outcomes
The mean IKDC score improved from 41.98 ± 6.06 preoperatively to 90.89 ± 5.32 at the final follow-up (P < 0.001). The 
mean Lysholm score also significantly improved from 45.28 ± 8.92 preoperatively to 91.83 ± 4.18 at the final follow-up (P 
< 0.001; Table 2).

ROM
The mean ROM improved from 59.17 ± 12.04 degrees preoperatively to 128.6 ± 4.79 degrees at the final follow-up (P < 
0.001; Table 2). All patients regained full ROM, comparable to that of the uninjured leg. All patients had a negative 
posterior drawer test at the final follow-up.

Complications
One patient developed mild transient knee effusion, which resolved with conservative management. During the follow-
up period, no infections, neurovascular injuries, deep vein thrombosis, or recurrent instabilities were observed.

DISCUSSION
In our case series, we described a modified arthroscopic M-shaped suture fixation technique for the management of tibial 
avulsion fractures of the PCL. Our results showed that our modified arthroscopic treatment of PCL tibial avulsion 
fractures provides good clinical outcomes, radiologic healing, and knee stability. This fixation technique is simple, 
relatively fast, and easily reproducible in routine clinical practice.

The traditional management of displaced PCL tibial avulsion fractures often relies upon open reduction and internal 
fixation. Although it allows direct visualization and manipulation of the fracture site, it is associated with larger incisions, 
increased soft tissue damage, and a greater risk of infection, popliteal neurovascular structures, and postoperative 
stiffness. In contrast, patients who undergo arthroscopic techniques recover faster and have less postoperative pain due to 
reduced tissue trauma[17]. In our case series, patients showed a favorable recovery trajectory, with a return to preinjury 
levels of activity within the expected timeframe. This finding was in line with that of a prior study that underscored the 
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Table 2 Outcomes at the final follow-up

Preoperative Final follow-up P value

Lysholm score 45.28 ± 8.92 91.83 ± 4.18 < 0.001

IKDC score 41.98 ± 6.06 90.89 ± 5.32 < 0.001

ROM (degree) 59.17 ± 12.04 128.6 ± 4.79 < 0.001

IKDC: International knee documentation committee; ROM: Range of motion.

Figure 1 Intraoperative arthroscopic views. A and B: The tips of the guide were placed at the inferolateral or inferomedial corners of the tibial fracture bed. A 
2.5 mm Kirschner guide wire was drilled to established two tibial tunnels; C: Two Ethicon MB66 sutures were introduced by polydioxanone (PDS) suture; D: An 
epidural needle was used to introduce a PDS suture through one of the tibial tunnels; E: Use the PDS suture to draw out both ends of one of the Ethicon MB66 
sutures to the tibial tunnel opening; F: A suture grasper was used to adjust the position of the two Ethicon MB66 sutures so that the two sutures pressed on the 
fracture fragment in an "M" shape; G and H: The bone fragments were reduced with the assistance of a probe; I: The reduction of avulsion fracture was achieved with 
the tightened suture. PCL: Posterior cruciate ligament; TFB: Tibial fracture bed; TAF: Tibia avulsion fracture; PDS: Polydioxanone.

benefits of arthroscopic approaches for treating PCL injuries[17].
Under arthroscopy, the clinical management of avulsion fractures commonly involves the use of screws[18], wires[19], 

or sutures[17,20,21]. These methods have all been proven to be effective. Several studies have assessed the outcomes of 
arthroscopic suture fixation for the treatment of PCL tibial avulsion. Sasaki et al[22] showed that there was no significant 
difference in biomechanical properties between fixations using screws and those using sutures. As the suture fixation 
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Figure 2 Illustration showing the final fixation constructs. A: Posterior cruciate ligament; B: Fracture fragment; C: Two Ethicon MB66 sutures; D: Two 
posterior tibial tunnel openings.

Figure 3 Preoperative and postoperative radiographic examination. A and C: preoperative X-ray and computed tomography (CT) scans showed 
posterior cruciate ligament tibial avulsion fractures; B and D: postoperative X-ray and CT scans showed the satisfactory reduction of the fracture.

technique is simple to perform and requires no secondary procedures, it has become the method of choice.
Various suture techniques for arthroscopic fixation, each with unique suture arrangements, have been documented. Xu 

et al[11] evaluated the outcome of arthroscopic treatment of PCL tibial avulsion fractures with the cinch knot technique. A 
total of 28 patients were followed up for a mean of 19 months. The mean Lysholm score was 96.96±3.62, and all patients 
had a normal ROM in the knee. Tao et al[23] treated PCL tibial avulsion using direct anterior-to-posterior suture 
suspension fixation. Compared with screw-suture fixation, anterior-to-posterior suture suspension fixation also showed 
satisfactory clinical results. Seifeldin et al[13] treated PCL tibial avulsion fractures with arthroscopic reduction and 
fixation by holding the PCL with two “cinch knots”. Fifteen patients were followed up for approximately 40 months. The 
results showed that the mean Lysholm score was 90.27 (range: 67-99), and the mean postoperative flexion was 134.7 
degrees (range: 120-150). However, some of the configurations are complex and difficult to execute.
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Our modified M-shaped suture technique is an extension of these foundational methods and addresses some 
limitations observed in prior studies. This technique offers several potential advantages. First, the configuration used in 
our fixation technique maximizes the contact area between the fracture fragment and the tibial bed, providing more stable 
fixation and hence promoting healing. It opposes the deforming forces of the natural tension of the PCL, resisting vertical 
and horizontal displacement. This stability is critical for early mobilization, which is a key factor in preventing joint 
stiffness and facilitating the return of function. Second, we relied on suture pressure on the fracture fragment and 
ligament tension to fix the PCL avulsion fracture fragment. The suture threads that are not passed through the fracture 
fragment or ligament prevent unnecessary damage to the PCL fibers and help maintain the integrity of the ligament. This 
approach simplified the operation process. The technical bottleneck of ligament sutures under arthroscopy is avoided. 
Third, the use of double bone channel fixation does not affect the contact area of the fracture fragment, and double suture 
arm compression fixation can effectively control rotation. The two bone channels should be spaced apart and away from 
the tibial fracture bed during the operation, which can reduce the number of sutures cutting bone channels and is more 
conducive to controlling rotation. Fourth, dual medial access simplifies the operation and eliminates the need to 
frequently switch accesses during the operation.

However, we acknowledge certain limitations within our study. First, this study included a small sample of patients 
and lacked a comparative group. Future studies with larger populations and longer follow-up durations are necessary to 
validate the long-term efficacy and safety of the M-shaped suture technique. Additionally, because of the rarity of PCL 
tibial avulsion fractures[4,5], multicenter studies or meta-analyses might be required to accumulate sufficient data to 
draw more generalized conclusions. Second, this study was deficient in associated biomechanical research. Future studies 
should be conducted to gather pertinent mechanical data to reinforce the validity of the findings.

CONCLUSION
In conclusion, the arthroscopic M-shaped suture fixation technique for tibial avulsion fractures of the PCL presented here 
is a reliable and effective treatment option that combines the benefits of both minimally invasive surgery and secure 
fixation. This fixation technique is simple, easily reproducible and worthy of widespread promotion.
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Abstract
BACKGROUND 
Occupational hand and wrist injuries (OHWIs) account for 25% of work-related 
accidents in low- and middle-income countries. In Colombia, more than 500000 
occupational accidents occurred in 2021, and although the rate declined to less 
than 5% in 2020 and 2021, at least one in four accidents involved a hand or wrist 
injury.

AIM 
To describe the OHWIs in workers seen at the emergency room at a second-level 
hospital in Colombia.

METHODS 
An observational study was performed using data from workers who experienced 
OHWIs and attended a second-level hospital, between June, 2020 and May, 2021. 
The overall frequency of OHWIs, as well as their distribution by sociodemo-
graphic, clinical, and occupational variables, are described. Furthermore, 
association patterns between sex, anatomical area (fingers, hand, wrist), and type 
of job were analyzed by correspondence analysis (CA).

RESULTS 
There were 2.101 workers treated for occupational accidents, 423 (20.3%) were 
cases of OHWIs, which mainly affected men (93.9%) with a median age of 31 
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years and who worked mainly in mining (75.9%). OHWIs were more common in the right upper extremity (55.3%) 
and comprised different types of injuries, such as contusion (42.1%), laceration (27.9%), fracture (18.7%), and crush 
injury (15.6%). They primarily affected the phalanges (95.2%), especially those of the first finger (25.7%). The CAs 
showed associations between the injured anatomical area and the worker’s job that differed in men and women 
(explained variance > 90%).

CONCLUSION 
One out of five workers who suffered occupational accidents in Cundinamarca, Columbia had an OHWI, affecting 
mainly males employed in mining. This occupational profile is likely to lead to prolonged rehabilitation, and 
permanent functional limitations. Our results might be useful for adjusting preventive measures in cluster risk 
groups.

Key Words: Accidents; Occupational; Epidemiology; Hand injuries; Wrist injuries; Occupational health

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colombia is a developing industrial country where most occupational activities are performed manually. 
Throughout 2021, one in four workers had occupational hand or wrist injuries, often resulting in injuries with a high 
probability of prolonged rehabilitation, and permanent sequelae. The findings of this research might be useful in improving 
preventive strategies in the groups with the highest occurrence.
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INTRODUCTION
Approximately 340 million work-related accidents occur annually, and 160 million victims develop an occupational 
disease worldwide[1]. The frequency of occupational hand or wrist injuries (OHWIs) that individuals experience ranges 
from 10% to 90%. This variability depends on the population at risk used as the denominator, i.e., whether it refers to 
workers in general or workers with specific types of manual tasks[2-4].

In Colombia, the level of technological implementation in several industrial sector subcategories is lower than it is in 
other countries with a similar economic status. As a result, workers may be more exposed to occupational injuries, partic-
ularly injuries that affect the upper limbs-especially hands and wrists[5].

From 1990 to 2017, OHWIs accounted for 25% of work-related accidents in low- and middle-income countries and 
nearly half of the injured workers experienced a significant decline in wages. The average emergency room visit cost was 
estimated to be between US$ 394 and US$ 421 not to mention the medium and long-term financial impact on companies, 
and the effect on workers' quality of life and productivity[6-8].

In Colombia, more than 500,000 occupational accidents occurred in 2021. Although the rate declined to less than 5% in 
2020 and 2021, at least one in four accidents involved a hand or wrist injury[9].

The aim of this research is to describe the sociodemographic, clinical, and occupational characteristics of workers who 
experienced OHWIs and were treated in the emergency department at a second-level hospital in Colombia. The results of 
this research may help to provide ways to prevent injuries and give workers with OHWIs timely and comprehensive 
care.

MATERIALS AND METHODS
Design and setting
A descriptive retrospective study was conducted using the medical records of workers treated for OHWIs in the 
Emergency Department of the El Salvador Hospital, a second-level institution, in Cundinamarca, Colombia between June 
1, 2020 and May 29, 2021. Occupational accidents reported to the epidemiological surveillance program in occupational 
health (Sistema de Vigilancia de Salud Laboralacronym in Spanish, SIVISALA) during the study period were identified. 
They involved patients diagnosed at admission with International Classification of Diseases, version 10 (ICD-10) S60-S69 
and T23. Patients treated for a complication, polytrauma, multiple trauma, or those attending a follow-up consultation 
were excluded[10,11].
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Variables
The variables studied were age, sex; day, weekend vs weekdays, and month; history of OHWI; job, employment injury 
insurance (EII); type of injury (burn, crush injury, contusion, dislocation, fracture, laceration, puncture, amputation), 
laterality of the affected limb, injured anatomical area (hand, wrist, fingers), injured anatomical region (phalanges, 
carpus, metacarpus), injured finger (first, second, third, fourth, fifth, multiple), anatomic characteristics (fracture, nerve, 
tendon and/or vascular involvement), X-ray findings, care by an orthopedist or plastic surgeon, time to specialist care, 
medical-surgical treatment or intervention, sick leave, and ICD-10 code.

Data analysis
Data analysis was summarized with descriptive statistics. Variables were described as counts, proportions, and medians 
(25th and 75th percentiles) using the RStudio® (Version 2022.07.2). We calculated the injury frequency per anatomical region 
(%), describing whether it occurred exclusively in the wrist or hand area (isolated injuries). The frequency of lesions in 
men and women by anatomical area and type of lesion was represented with Sankey plots [Sankey MATIC (BETA)]. Bar 
plots were used to show the monthly distribution of lesions. Associations between case frequency and sex, type of work, 
and anatomical area affected were evaluated by correspondence analysis (CA) using the orange (Data Mining and 
Fruitful Fun® software, V.3.32). The statistical methods used in this study were reviewed by Aníbal A Teherán, MD, 
Epidemiologist, MSc-Biostatistics from Fundación Universitaria Juan N. Corpas.

RESULTS
General characteristics
During the study period, 2101 occupational accidents were reported to the SIVISALA. Most of these cases were excluded 
from the investigation as they were assigned ICD-10 codes other than those for hand and wrist trauma or they involved 
follow-up of trauma or treatment of a medical complication. Finally, 423 individuals who suffered occupational accidents 
resulting in hand or wrist injuries (coded according to ICD-10) were included in the study (Figure 1).

Clinical records that met the eligibility criteria (423/2021; 20.1% 95%CI: 18.2%–22.0%) were analyzed. The median age 
of individuals with OHWIs was 31 years (min = 19, max = 66), most were males and worked in mining, and more than 
95% had an EII. They received medical care mainly during daytime; at least one in ten received medical care during the 
night, and one in four during the weekend (Table 1, Supplementary Figure 1).

Clinical features of the injured workers
Table 2 describes the clinical characteristics of the workers with OHWIs. The right hand and wrist were the most 
frequently affected anatomical areas; fewer than 1% of the individuals had bilateral trauma, and fewer than 10% had a 
history of trauma to the hand or wrist. Eight types of injuries were identified, the most frequent being contusions, 
lacerations, fractures, and crush injuries. One in ten workers had fractures which coincided with amputations, contusions, 
crush injuries, or lacerations.

The injuries mainly affected skin, connective tissue, and phalanges; in fewer than 5%, there was nerve, tendon, joint, or 
vascular involvement. One in four workers had an injury of the first finger, and this was the most commonly injured 
finger, followed by the second finger.

Most patients had X-rays taken. One in four individuals with an OHWI required suturing, and one in five required 
closed reduction or immobilization. In addition, fewer than 20% of the injured individuals were seen by an orthopedist. A 
minority required surgical management, plastic surgery, or referral to a high complexity hospital (Table 2).

Fingers were the most affected anatomical area, followed by hand injuries without finger involvement (Figure 2). A 
significant relationship was observed between the anatomical area injured and the type of injury in the male group (χ2 = 
43.802; P value = 0.002). Contusion was the most prevalent injury in the three anatomical areas analyzed, especially in the 
wrists and in the male group. Lacerations and crush injuries were also frequent among men with isolated hand or finger 
injuries or concurrent hand and wrist injuries. Similarly, fractures were most common in isolated hand or finger injury 
cases but not in cases of isolated wrist injuries.

Supplementary Figure 2 shows the distribution of OHWIs based on the anatomical areas affected and the month of 
accident occurrence. When grouped by sex, a significant relationship was identified between the anatomical area injured 
and the month of accident occurrence χ2 = 57.195; P value = 0.004). OHWIs occurred in all anatomical areas described 
during the last half of 2020, but isolated wrist injuries were only seen in September and October. Similarly, isolated hand 
injuries in the male group occurred in June, July, September, and October. Concurrent hand and wrist injuries, in turn, 
were only observed in the male group during the first half of 2021 and isolated hand injuries during January, April, and 
May.

Finally, a relationship between the injured anatomical area and the worker’s job was noted in the male group (χ2 = 
22.204; P value = 0.026). Therefore, CAs were carried out to identify possible statistical associations between these 
variables in men and women separately (Figure 3). In both sexes, the cumulative percentage of variance explained by the 
CAs was > 90%; the first component explained 77% and 68% of the variance in males and females, respectively. In the 
male group, an association was found between isolated finger or hand (without finger involvement) injuries and mining.

Concurrent hand and wrist injuries, in turn, were associated with farming, hunting, and personal services 
(hairdressing, manicure, pedicure, massaging, and other similar jobs). In contrast, in the female group, an association was 
observed between isolated hand injuries and work in the manufacturing industry. Similarly, there was an association 
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Table 1 General characteristics of the patients with occupational hand and wrist injuries, n (%)/median (25th and 75th percentiles)

Variables Number (n = 423)

Age (years) 31 (25-39)

Sex

    Male 397 (93.9)

    Female 26 (6.1)

Type of job

    Mining 321 (75.9)

    Personal service1 
    personal

57 (13.5)

    Manufacturing industries 17 (4.0)

    Agriculture, livestock, and hunting 15 (3.5)

    Other2 13 (3.1)

Employment Injury Insurance 409 (96.7)

Time of day

    Day (7:00 to 18:59) 361 (85.3)

    Night (19:00 to 6:59) 62 (14.7)

Day of the week

    Monday 59 (13.9)

    Tuesday 73 (17.3)

    Wednesday 90 (21.3)

    Thursday 80 (18.9)

    Friday 69 (16.3)

    Saturday 44 (10.4)

    Sunday 8 (1.9)

1Personal service: Hairdressing, manicure, pedicure, massaging, and other similar jobs.
2Other: Other economic activities, including wholesale and retail trade, repair of motor vehicles and motorcycles, accommodation and food services, 
financial and insurance activities, professional scientific and technical activities, construction, transportation, and warehousing.

between finger lesions or concurrent hand and wrist injuries with farming and hunting.

DISCUSSION
This research described the frequency of OHWIs in workers seen at a referral hospital in Cundinamarca, Colombia, 
during a 12-month period between 2020 and 2021, thus facilitating the identification of injury patterns related to 
sociodemographic features.

It is well known that OHWIs and occupational diseases occur in most jobs; however, the annual frequency of hand and 
wrist injuries has risen in low-income or industrially developing countries. This rise has been attributed to several factors 
associated with industrial globalization that may expose workers to new occupational hazards (new industrial tasks, 
persistence of manufacturing), poor preventive education, and deficiencies in the provision of safety equipment or the 
application of international standards on risk prevention[6,12-14].

In Colombia, one in four workers (26.1%) (insured and uninsured) suffered an OHWI in 2021, and one of the effects of 
health insurance is the promotion of safe work environments and working conditions to prevent accidents[9]. In 
comparison, in the present study OHWIs were found to occur in one out of five (20.1%) work-related accidents. The 
difference between these values is significant (P value < 0.001; data not shown) and could be attributed to the fact that 
more than 95% of the workers in the present study were insured individuals[15].

The type of work and the main economic activity in the geographic region could explain the frequency and distribution 
of OHWIs observed in this research. Previous investigations that included patients from urban and rural areas showed 
differences in the economic and social activities of workers as well as in the characteristics of the injuries they suffered[1-
3,6,16].
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Table 2 Clinical characteristics of the patients with occupational hand and wrist injuries, n (%)/median (25th and 75th percentiles)

Clinical variables Number (n = 423)

Sick leave (days) 5 (3-8)

History of OHWI 39 (9.2)

Laterality of injury

    Right 234 (55.3)

    Left 186 (44.0)

    Bilateral 3 (0.7)

Type of injury 
Anatomical features

    Contusion 178 (42.1)

    Laceration 118 (27.9)

    Fracture 79 (18.7)

    Crush 66 (15.6)

    Dislocation/Luxation 9 (2.1)

    Amputation 5 (1.2)

    Burn 5 (1.2)

    Puncture 5 (1.2)

    Fracture and other injury(s) 43 (10.1)

Anatomical features

    Skin/Connective tissue injuries 306/315 (97.1)

    Bone 313/423 (74.0)

    Nerve injury1 5/100 (5.0)

    Tendon injury1 3/133 (2.3)

    Vascular injury1 5/235 (2.1)

    Joint injury 9/208 (4.3)

    Two or more 233/423 (55.1)

Injured anatomical region

    Phalanges1 315/331 (95.2)

    Metacarpus1 14/331 (4.2)

    Carpus1 2/331 (0.6)

    Injured finger

    First1 81/315 (25.7)

    Second1 60/315 (14.2)

    Third1 52/315 (12.3)

    Fourth1 39/315 (9.2)

    Fifth1 45/315 (10.6)

    Multiple1 38/315 (9.0)

Procedures in the ED (diagnosis, interventions) 

    X-ray 379 (89.6)

    Suture 111 (26.2)

    Closed reduction/Immobilization 89 (21.0)

    Orthopedic consultation 74 (17.5)
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    Surgery 25 (5.9)

    Plastic surgery consultation 20 (4.7)

    Referral to a higher-level ED 3 (0.7)

1The denominator used to calculate proportions differed for each variable as data were not available or not applicable.
ED: Emergency department; OHWI: Occupational hand or wrist injury.

Figure 1 Patient selection flowchart. This flowchart was adjusted to STROBE guidelines. ICD-10: International Classification of Diseases, version 
10.

Mining in Colombia generated 350000 direct jobs and 1000000 indirect jobs in 2020 and 237858 direct jobs in the first 
quarter of 2022[17]. In the department of Cundinamarca, coal mining and the extraction of other subsoil products, such as 
emeralds, generate more than 18000 jobs per year. This study found that three out of every four workers treated for an 
OHWI worked in mining[18].

Our results on the demographic characteristics of the injured workers showed an interquartile range of age similar to 
the age interval of the economically active Colombian population. However, it should be noted that mining was also the 
most frequent type of work, even among workers aged 50 years or older (23/33; data not shown). The majority of 
workers with OHWIs (> 90%) were men. Additionally, this observation could be a confounding factor as, since 2010, the 
overall male participation rate in the Colombian rural market has been predominant. Many of the jobs described in this 
research correspond to jobs traditionally performed by men[18,19].

Moreover, hospital stay, sick leave duration, and risk of death have been shown to be higher in workers who receive 
care for acute occupational injuries during dead time[20,21]. However, no relationship was observed between sick leave 
and caring for individuals with OHWI either at night (15%) or on weekends (30%) (data not shown). It should be noted 
that this investigation excluded patients with polytrauma and those who died, and that more than 80% of the injured 
individuals were treated by general practitioners. These factors may have modified the mean duration of sick leave.

Distribution of the most frequent injuries (contusions, lacerations, fractures, crush injuries), anatomical areas affected, 
and the occupational categories showed differential patterns for both sexes. Our findings are consistent with previous 
studies that identified a higher risk of OHWIs in women resulting in wrist injuries for those working in agriculture or 
hunting, and finger injuries for those who work in the manufacturing industry[22,23].

In contrast, crush injuries, lacerations, amputations, and burns to wrists, hands, and fingers were more frequent in 
men, possibly due to direct manual exposure in activities with higher potential and kinetic energy, such as industrial 
mechanics, electricity, and mining[12-14,16,22].
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Figure 2 Sankey plot diagram shows the distribution (number of cases) of occupational hand and wrist injuries by sex and type of injury 
in the anatomical areas affected. A: Wrist; B: Hand; C: Hand and wrist; D: Fingers.

In addition, we observed that one in four workers had a first finger injury. This type of injury is a relevant indicator 
among OHWIs as it harmfully impacts rehabilitation by temporarily or permanently limiting grip function and other job-
related tasks[6,8].

The results of this research can be extrapolated mainly to men and workers employed in mining. However, the study is 
subject to the limitations of a retrospective design based on clinical registry data. These studies are prone to reporting bias 
and confounding, have low statistical power, and are limited to establishing causal relationships and for analysis using 
specific statistical tests[24,25].

OHWIs can simultaneously affect two or more anatomical regions (phalanges, metacarpus, carpus); however, 
information was only collected from each region separately. Furthermore, although the laterality of the trauma is relevant 
and was reported, it should be complemented with the dominant laterality of the worker. Finally, simultaneous associ-
ations between sex, job, and anatomical area were not explored by multiple CA, given the high probability of a type II 
error.

CONCLUSION
Hand and wrist injuries occurred in 20% of the workers seen for occupational accidents at El Salvador Hospital in Ubaté, 
Cundinamarca, during a 12-month period between 2020 and 2021. OHWIs occurred mainly in adult men employed in 
mining. Patterns of association between sex, type of injury, and type of job were identified. The above findings can help to 
provide ways to prevent occupational accidents, by implementing measures such as educational campaigns, expanding 
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Figure 3 Correspondence analysis between job and injured anatomical area variables when grouping by sex. Men (upper panel); women (lower panel). The color scale corresponds to the value of the first component for the 
categories that compose the type of job and the anatomical area injured.
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health-insurance coverage, providing high-quality work-tools according to engineering standards to diminish injury risk, 
and monitoring the mandatory use of protective equipment, especially among mining workers in Colombia and other 
developing countries[26]. In these regions, mining generates an increasing or at least constant number of jobs each year. 
Future research should determine the probability or risk of different hand or wrist injuries according to sex and job 
because it could substantially modify insurance policies and strategic prevention plans.
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Abstract
BACKGROUND 
Acetabular component positioning in total hip arthroplasty (THA) is of key 
importance to ensure satisfactory post-operative outcomes and to minimize the 
risk of complications. The majority of acetabular components are aligned 
freehand, without the use of navigation methods. Patient specific instruments 
(PSI) and three-dimensional (3D) printing of THA placement guides are 
increasingly used in primary THA to ensure optimal positioning.

AIM 
To summarize the literature on 3D printing in THA and how they improve 
acetabular component alignment.

METHODS 
PubMed was used to identify and access scientific studies reporting on different 
3D printing methods used in THA. Eight studies with 236 hips in 228 patients 
were included. The studies could be divided into two main categories; 3D printed 
models and 3D printed guides.

RESULTS 
3D printing in THA helped improve preoperative cup size planning and post-
operative Harris hip scores between intervention and control groups (P = 0.019, P 
= 0.009). Otherwise, outcome measures were heterogeneous and thus difficult to 
compare. The overarching consensus between the studies is that the use of 3D 
guidance tools can assist in improving THA cup positioning and reduce the need 
for revision THA and the associated costs.

CONCLUSION 
The implementation of 3D printing and PSI for primary THA can significantly 
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improve the positioning accuracy of the acetabular cup component and reduce the number of complications caused 
by malpositioning.

Key Words: Total hip arthroplasty; Three-dimensional printing; Hip replacement surgery; Three-dimensional planning; Surgical 
guides

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to assess and summarize the current use of three-dimensional (3D) printing in total hip arthro-
plasty (THA) surgery. Eight studies discussing different implementations of 3D printing in THA were included and 
analyzed. The implementation of 3D printing and patient specific instruments for primary THA can significantly improve the 
positioning accuracy of the acetabular cup component and reduce the number of complications caused by malpositioning.

Citation: Crone TP, Cornelissen BMW, Van Oldenrijk J, Bos PK, Veltman ES. Intraoperative application of three-dimensional printed 
guides in total hip arthroplasty: A systematic review. World J Orthop 2024; 15(7): 660-667
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/660.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.660

INTRODUCTION
Total hip arthroplasty (THA) significantly improves the quality of life in patients with end stage hip osteoarthritis[1]. 
Acetabular component positioning is of key importance to ensure satisfactory post-operative outcomes and to minimize 
the risk of complications[2,3]. Malalignment of the acetabular component in any particular way can increase the risk of 
dislocation, wear, loosening, impingement and overall patient dissatisfaction[2,4]. Malpositioning of the implants 
through freehand component positioning, even with an aiming device or navigation, can result in premature implant 
failure requiring revision[5,6]. To prevent hip dislocation and subsequent revision arthroplasty, surgeons strive for 
optimal acetabular component positioning, for which use of the “Lewinnek safe zone” was formerly advised. This safe 
zone is set at an anteversion angle of 15° ± 10° and an inclination angle of 40° ± 10°, with a reported increased chance of 
dislocation outside this range[7]. Several studies have recently shown that this generalized safe zone is non-existent, and 
that the safe zone for acetabular alignment is patient specific and dependent on multiple factors[8,9]. Moreover, the angle 
measurements of the acetabular component are highly dependent on spinopelvic mobility and the position of the patient
[10,11].

Currently the majority of acetabular components are aligned freehand, without the use of navigation methods[3]. The 
position of the acetabular component is estimated using anatomical landmarks such as the transverse acetabular ligament 
and the posterior acetabular wall[12]. Callanan et al[13] reported that only 50% of acetabular components were positioned 
within 10 degrees of the surgeons’ aimed acetabular position. The use of surgical navigation has shown to significantly 
improve accuracy of acetabular component positioning and to reduce the number and severity of outliers during 
acetabular component positioning in primary THA[14,15].

Bishi et al[16] and Moralidou et al[17] compared the accuracy of two-dimensional (2D) preoperative planning methods 
with three-dimensional (3D) preoperative planning methods and concluded that 3D preoperative planning helps the 
surgeons to visualize the pelvic anatomy and accurately plan the required implant size and orientation. With the rise of 
these 3D planning methods and the increase of computational power, various intraoperative navigational systems have 
been introduced over the years with the aim of improving the accuracy of acetabular component positioning and 
reducing postoperative complications from cup malalignment in primary and revision THA. 3D printed patient specific 
instruments (PSIs) are modelled after computed tomography (CT) or magnetic resonance imaging scans of a patient and 
can be designed in whichever way the surgery requires. PSIs are generally made of polylactic acid and are designed to 
precisely fit the bone structure at or around the surgical region of interest, in order to guide screw placement, saw or drill 
direction or implant positioning[18]. PSIs have already been used as guides during various types of surgical procedures, 
including osteotomy and/or arthroplasty of the knee, shoulder, wrist, ankle, and spine[19,20]. However, it has not yet 
been determined how the use of PSI improves cup positioning accuracy and clinical outcomes.

The aim of this systematic review was to summarize the existing literature on the use of PSI and 3D printing of THA 
placement guides in primary THA and how they contribute to improved acetabular component alignment accuracy. We 
hypothesize that the use of 3D guides leads to an improved accuracy of acetabular component positioning with less 
outliers compared to free-hand component positioning.

https://www.wjgnet.com/2218-5836/full/v15/i7/660.htm
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MATERIALS AND METHODS
Search strategy and study design
This systematic review was conducted according to the preferred reporting items for systematic reviews and meta-
analysis guidelines. PubMed was used to identify and access scientific studies reporting on different 3D printing methods 
used in THA. The systematic search was performed on 30 March 2023, with the following search query:

["Arthroplasty, Replacement, Hip" (mj) or Hip-Replacement (ti) or Hip Prosthe (ti) or Prosthetic-Hip (ti) or Hip 
Arthroplast (ti) or tha (ti)] and ["Printing, Three-Dimensional" (mj) or Three-Dimension (ti) or 3-Dimension (ti) or 3d (ti) 
or 3-d (ti)] and ["Patient-Specific Modeling" (mj) or "Surgical Navigation Systems" (mj) or Patient-specific (ti) or navigat 
(ti) or guide (ti) or templat (ti) or planning (ti) and 2010:2023 (dp)] not [animals (mh) not humans(mh) and English (la)].

All papers reporting on 3D printing for clinical use during THA performed in adult humans were included in the 
study. Each study was analyzed for inclusion eligibility by the first and last author, based on title, abstract and full text 
analysis. The lists of references of retrieved publications were manually checked for additional studies potentially 
meeting the inclusion criteria and not found by the electronic search.

Studies that did not report postoperative cup angles or cup position were excluded as the accuracy could not be 
reported on. Studies regarding different, non-3D printed preoperative planning techniques were excluded as these 
planning techniques are not regarded as intraoperative surgical navigation techniques, and therefore do not add to the 
subject of this study.

An adaptation of the QUADAS-2 quality assessment tool[21] was used to assess the quality of the included studies.

RESULTS
Search results
The literature search resulted in 86 studies, of which 8 studies including 236 hips in 228 patients could be included[22-
29]. Figure 1 depicts a detailed overview of the selection procedure.

Table 1 provides a detailed overview of the study characteristics of the included studies. The studies can be divided 
into two main categories, based on the 3D print application used. Table 2 provides the quality assessment of each study.

3D printed models
Three studies analyzed the use of 3D printed models as a method of preoperative planning of THA. The models were 
based on CT scans and used by surgeons to make a surgical plan ahead of THA and intraoperatively as a reference tool 
for anatomical landmarks. Table 3 provides an overview of the outcome measures of the three studies.

Dos Santos-Vaquinhas et al[22] compared the use of 3D models with conventional free hand component positioning 
and found superior outcome for THA after preoperative planning with 3D printed models (Table 3). They reported a 
significantly shorter operating time between groups, a significant increase in post-operative Harris hip scores (HHS), and 
a significant decrease in intraoperative complications.

All studies found higher correspondence between the 3D planned cup size and the implanted cup than for the cup size 
planned on 2D X-ray imaging. However, the included studies did not find any significant improvement in horizontal or 
vertical distance, in relation to the teardrop, between the cup and the original center of rotation between the intervention 
and control groups.

3D printed guides
Five studies reported on the use of 3D printed surgical guides, which are patient specific devices that use the anatomical 
landmarks of the acetabulum to guide intraoperative positioning of the cup component. The studies provide hetero-
geneous outcome measures and are provided in Table 4.

Cup angles were either provided as absolute angles with the range/SD or as absolute error of the angle and were 
measured on 2D X-ray images, by 3D matching using ZedView, or with CT images. Chen et al[25] reported a significant 
difference in absolute error of the cup inclination angles and the cup anteversion angles between both groups. The other 
studies found no significant differences in cup angles between intervention and control. Yan et al[29] found that the 
intervention group reported higher HHS postoperatively, significantly shorter operating time and significantly lower 
intraoperative blood loss compared to the control group. However, these significant results for mean operating time and 
intraoperative blood loss were not found by the other studies.

DISCUSSION
This study aimed to review the literature on the use of PSI and 3D printing for component positioning in THA. Only a 
limited number of studies were eligible for inclusion as the use of PSI in acetabular component positioning has not yet 
been frequently described.

The use of 3D printed models for preoperative planning and intraoperative referencing enables the surgeon to plan the 
required implant sizes more accurately than based on conventional x-ray imaging. However, the included studies did not 
find a significant improvement in horizontal or vertical distance of the cup from the center of ration between the 
intervention and control groups. Zhang et al[24] did report significant postoperative improvements in horizontal and 
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Table 1 Study characteristics of included studies

Ref. Year Study design Navigation type Patients, n Hips, n

Dos Santos-Vaquinhas et al[22] 2022 Comparative study with retrospective cohort 3D model print 45 45

Xu et al[23] 2015 Retrospective cohort 3D model print 10 14

Zhang et al[24] 2022 Retrospective cohort 3D model print 17 21

Chen et al[25] 2022 RCT 3D printed Guides 60 60

Kida et al[26] 2023 Prospective cohort 3D printed Guides 23 23

Mishra et al[27] 2020 RCT 3D printed Guides 36 36

Tu et al[28] 2022 Prospective cohort 3D printed Guides 12 12

Yan et al[29] 2020 RCT 3D printed Guides 25 25

3D: Three-dimensional; RCT: Randomized controlled trial.

Table 2 Tubular presentation of QUADAS-2 results for included studies

Risk of bias Applicability concerns
Ref. Patient 

selection
Index 
test

Reference 
standard

Flow and 
timing

Patient 
selection Index test Reference 

standard

Dos Santos-Vaquinhas et 
al[22]

+ + + + + + +

Xu et al[23] + + + + + + +

Zhang et al[24] + - - - + + +

Chen et al[25] + + + + + + +

Kida et al[26] + + + + + + +

Mishra et al[27] + + + + + + +

Tu et al[28] ? - - - + + +

Yan et al[29] + + + + + + +

+ Low risk - High risk ? Unknown 
risk

vertical distance within their population, with the aid of their self-developed acetabular center locator. The HHS 
improved significantly in all study populations that used the 3D models, but only Dos Santos-Vaquinhas et al[22] 
compared the postoperative HHS of the intervention group with a control group and found a significant improvement 
there.

As mentioned prior, the 3D printed acetabular cutting and positioning guides use heterogeneous outcome measures. 
Kida et al[26] and Tu et al[28] do not compare the results with any control groups. Despite these limitations, PSIs 
seemingly improve component position, based on the significant difference in absolute error found by Chen et al[25] and 
the smaller positioning ranges reported by Mishra et al[27]. Furthermore, the use of PSI significantly increases the HHS, 
as found by Yan et al[29]. Yan et al[29] performed THA on unilateral developmental dysplasia of the hip patients and did 
not directly compare both groups with each other, but they compared the anteversion angle, abduction angle and the 
distance from the rotation center to the ischial tuberosity connection of the ipsilateral side with the contralateral side. 
When comparing these values they found no significant differences between both sides within the intervention group, 
but they did find significantly smaller anteversion angles (P = 0.015) and a larger distance from center of rotation (P = 
0.002) between both sides within the control group. This suggests that component positioning in the intervention group is 
more similar to the natural anatomy of the healthy contralateral hip of the patient and thus better than component 
positioning in the control group. Outcome measures such as mean operating time and intraoperative blood loss varied 
widely between studies and therefore it is difficult to predict, based on these studies alone, if and how the use of PSI will 
improve these outcome measures.

The overarching conclusion between the studies is that the use of 3D guidance tools can assist in improving THA cup 
positioning. Henckel et al[30] performed a literature study regarding 3D printed PSI in THA and found similar results 
supporting the superiority of THA performed with PSI, albeit most of their included studies consist of THA performed on 
dry bone models or cadavers. Additionally, they analyzed the cost of producing PSIs and they concluded that it would 
add approximately $371 per surgical procedure. However, as the THA positioning improved, these additional costs 
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Table 3 Outcome measures of articles reporting three-dimensional printed models

Outcomes

Ref. Number 
of hips

Mean 
(range) 
follow-up 
in months

Cup size 
planning 
accuracy1

Mean 
operating 
time in min

HHS2 Complications1

Vertical 
distance in 
mm3

Horizontal 
distance in 
mm3

Dos Santos-
Vaquinhas et 
al[22]

45 32.4 (12-60) 19/21 vs 14/24 (
P = 0.045)

156.15 ± 43.03 
vs 187.5 ± 54.38 
(P = 0.045)

57.15 ± 15.41–83.74 
± 8.49 vs 53.12 ± 
15.62–75.59 ± 11.46 
(P = 0.019)

Intraoperative 4/21 
vs 10/24 (P = 0.003)

0.7 [(-5.0)-15] 
vs -3.3 [(-32.0)-
8.0] (P = 0.102)

1.2 [(-9.0)-7.0)] 
vs 1.0 [(-8.0)-
15.0] (P = 0.884)

Xu et al[23] 14 23.1 ± 5.9 
(14-30)

10/14 (3/14 < 2 
mm diff) vs 
1/14 (5/14 < 2 
mm diff)

37.7 ± 6.8–83.3 ± 
5.7 (P < 0.01)

18.8 (11.5-25.8) 21.7 (15.0-31.2)

Zhang et al
[24]

21 18.35 ± 6.86 
(12-36)

15/17 (ICC = 
0.930)

38.33 ± 6.07–88.61 
± 3.44 (P < 0.05)

40.48 ± 
8.42–15.12 ± 
1.25 (P < 0.05)

41.49 ± 
5.17–32.49 ± 
2.83 (P < 0.05)

1Intervention vs control.
2Harris hip score (preoperative–postoperative; intervention vs control; P value between postoperative values for intervention vs control or preoperative-
postoperative when no control group was used).
3Distance to center of rotation of the hip (preoperative–postoperative; intervention vs control).
ICC: Intraclass correlation coefficient.

Table 4 Outcome measures of articles reporting three-dimensional printed acetabular guides

Outcomes

Ref. Number 
of hips

Mean (range) 
follow-up in 
months

Cup size 
planning 
accuracy1

Postoperative cup 
inclination angle 
as °1

Postoperative cup 
anteversion angle 
as °1

Mean 
operating 
time in min1

HHS2
Intraoperative 
blood loss in mL
1

Chen et 
al[25]

60 3 83.3% (93.3% < 2 
mm) vs 73.3% 
(80% < 2 mm) (P 
= 0.532)

Absolute error: 2.6 
(0-8.0) vs 5.0 (0-15.0) 
(P = 0.004)

Absolute error: 2.5 
(0.3-7.3) vs 5.2 (0.1-
14.0) (P < 0.001)

100.2 ± 13.4 vs 
106.7 ± 24.4

290 ± 70.3 vs 251.7 
± 93.3

Kida et 
al[26]

23 0.5 39.37 ± 8.18 25.86 ± 7.87

Mishra 
et al[27]

36 18/18 vs 6/18 43.28 (38-46) vs 44.11 
(34-50)

14.22 (8-27) vs 13.42 
(5-36)

99.39 vs 92.33 519.44 vs 495.56

Tu et al
[28]

12 72.42 (38–135) 42.6 ± 4.2 12.5 ± 3.6 280.8 ± 106.8 34.2 ± 3.7- 
85.2 ± 4.2 
(P < 0.001)

590.35 ± 112.47

Yan et al
[29]

25 19.2 
(14.4–45.6)

42.25 ± 4.55 vs 38.60 
± 3.25

17.30 ± 5.12 vs 15.01 ± 
5.68

57.8 ± 3.73 vs 
62.1 ± 4.19 (P 
= 0.008)

93.9 ± 2.87 
vs 91.8 ± 
3.69 (P = 
0.009)

169 ± 34.1 vs 219 ± 
38.0 (P = 0.002)

1Intervention vs control.
2Harris hip score (preoperative–postoperative; intervention vs control; P value between postoperative values). P values are displayed for all studies that 
provided P values in their comparisons.

would be relatively small compared to potential additional costs of possible revision surgery caused by early failure or 
poor positioning of freehand THA. Similarly with our findings, Henckel et al[30] could not find significant differences in 
intraoperative blood loss between PSI and conventional THA groups. They found one complication in a total of 128 
patients in whom PSI was used during THA.

Constantinescu et al[31] also conducted a literature study on PSI in THA and supported previous results regarding the 
efficacy of PSI in THA. However, they found PSI to be most useful in patients with larger acetabular defects where 
traditional landmarks were difficult to identify.

While the focus of this study was on the use of 3D printing in THA, other navigation methods such as imageless 
navigation and surgical robots are also available. The use of navigation and/or robotic assistance during THA has shown 
to improve accuracy of acetabular component positioning[14,32]. However, these devices often require a major 
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Figure 1 PRISMA Flowchart of study inclusion. 2D: Two-dimensional; 3D: Three-dimensional.

investment and are not yet widely used for THA[33]. When 3D planning software, knowledge and printers are readily 
available in-house, the use of 3D printed models can be a relatively cheap method of improving surgical outcome without 
needing major investment in navigational devices such as robots or imageless navigation.

Despite the promising postoperative results of PSI assisted THA, this review does not report on long-term functional 
outcome, complications and patient satisfaction. Also, this review focusses only on the positioning of the acetabular cup 
component and one could argue that accurate positioning of the femoral component is as important as the accuracy of the 
cup position and should therefore be analyzed together to find the optimal methodology. Furthermore, only eight studies 
were included and subcategorized into different 3D print applications that did not use uniform outcome measures. On 
the other hand, the limited existing literature on PSI and 3D printing for THA, with promising improved outcome for 
patients, underscores the significance and amplifies the importance of this systematic literature review. What is more, this 
review summarizes existing knowledge and provides insight into combining different applications of 3D printing. The 
use of 3D printed models for preoperative planning can easily be combined with 3D printed acetabular cutting and 
positioning guides to improve the preoperative planning, understanding of the anatomical landmarks and finding the 
optimal position of the cup component.

In revision arthroplasty, the anatomical landmarks used for free-hand acetabular component alignment are more 
difficult to use or absent due to bone loss and scar tissue formation. Acetabular component positioning can be very 
difficult, as there can be little anatomical landmarks to use as feedback during surgery. The most frequently used 
commercially available navigation systems are not yet officially available for revision THA, or lack a revision module. In 
these cases, 3D printed guides could provide the necessary aid to improve acetabular component positioning, however to 
date this has not yet been described.

CONCLUSION
In conclusion, the implementation of 3D printing and PSI for primary THA can significantly improve the positioning 
accuracy of the acetabular cup component and reduce the number of complications caused by malpositioning. Future 
studies should further explore the possibilities of implementing PSIs in primary and revision THA with a focus on patient 
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reported outcome and postoperative complication rate reduction.
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Abstract
BACKGROUND 
Aseptic acetabular loosening can result from various factors that can be 
categorized into groups: patient-related, surgeon-related and implant-related. We 
present a case of a 63-year-old patient who at first underwent a total hip arthro-
plasty (THA) using a metal-on-metal bearing due to hip arthrosis. Follow-up 
visits revealed no complications after the procedure. Two years after the THA, 
acetabular component loosening occurred due to subsequent trauma of the 
opposite hip, necessitating a revision THA using a ceramic-on-ceramic bearing.

CASE SUMMARY 
We aim to illustrate a rare case where the primary reason for undergoing THA 
revision was not only incomplete bone graft incorporation but also improper limb 
load distribution. Following the revision arthroplasty, a 9-year follow-up visit 
revealed improvements in all evaluation measures on questionnaire compared to 
the state before surgery: Harris Hip Score (before surgery: 15; after surgery: 95), 
Western Ontario and McMaster Universities Arthritis Index (before surgery: 96; 
after surgery: 0), and Visual Analogue Scale (before surgery: 10; after surgery: 1).

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v15.i7.668
mailto:bogdan.dugiello@gmail.com


Domagalski RS et al. Inappropriate osteointegration causing aseptic acetabular loosening

WJO https://www.wjgnet.com 669 July 18, 2024 Volume 15 Issue 7

CONCLUSION 
Opposite-hip trauma caused a weight transfer to the limb after a THA procedure. This process led to a stress 
shielding effect, resulting in acetabular component loosening.

Key Words: Acetabular loosening; Limb load; Stress shielding effect; Revision hip arthroplasty; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article explores a rare case of acetabular loosening following total hip arthroplasty (THA) due to improper 
limb load transfer after hip trauma. A 63-year-old patient underwent THA with a metal-on-metal bearing, initially showing 
no complications. However, 2 years later, acetabular component loosening occurred, requiring revision THA with a ceramic-
on-ceramic bearing. The study emphasizes the impact of limb load distribution on hip arthroplasty outcomes. Post-revision, 
the patient showed significant improvement in clinical parameters. This case underscores the need for careful consideration 
of limb load transfer after THA to mitigate risks of loosening.

Citation: Domagalski RS, Dugiełło B, Rokicka S, Czech S, Skowroński R, Rokicka D, Wróbel MP, Strojek K, Stołtny T. Bone graft 
incorporation failure with inappropriate limb load transfer can lead to aseptic acetabular loosening of metal-on-metal prosthesis: A 
case report. World J Orthop 2024; 15(7): 668-674
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/668.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.668

INTRODUCTION
Revision hip arthroplasty occurs in approximately 13% of all hip arthroplasty procedures in the United States, and the 
demand for hip revision procedures is predicted to double by the year 2026[1,2]. There are many potential causes of hip 
joint acetabulum loosening including polyethylene wear, aseptic and mechanical loosening, pseudotumor, osteolysis 
around the implant, periprosthetic fracture, infection and bone necrosis[3]. Understanding the factors of hip loosening 
may lead to better prevention in the majority of instances. Here, we present a case rarely described in the literature: a 
patient who underwent a hip revision possibly due to improper limb load transfer after a trauma of the opposite hip.

CASE PRESENTATION
Chief complaints
A 63-year-old male patient presented to the Orthopaedic Trauma Emergency Room with severe right lower limb pain in a 
flexion contraction. He did not associate the occurrence of symptoms with an injury.

History of present illness
The patient-reported trauma to the hip joint occurred 1 year after total hip arthroplasty (THA) on the opposite hip. 
However, X-ray imaging revealed no fractures in either lower limb nor loosening of the right hip endoprosthesis 
(Figure 1A). Seeking relief from discomfort, the patient underwent rehabilitation for the left lower limb. Unfortunately, 
this resulted in a gradual increase in pain in the right hip joint over time.

History of past illness
The patient underwent THA due to reduced mobility of the right hip and increased pain especially while walking. 
Physical examination before the procedure revealed positive Trendelenburg and Duchenne signs. The anti-inflammatory 
medications had a small impact on pain relief. Using X-ray imaging, hip arthrosis was diagnosed (Figure 2). He was then 
referred for total hip replacement surgery using a metal-on-metal (MOM) bearing. After 4 months a follow-up 
examination showed no complications. The inclination angle and limb movements were in the normal range (Figure 1B 
and C). The patient’s wound had properly healed and he was able to walk without any support.

Personal and family history
No significant personal or family history was reported.

Physical examination
Physical examination showed right limb in a flexion contraction at an angle of about 30 degrees with total right hip 
endoprosthesis acetabular component loosening (Figure 3).

https://www.wjgnet.com/2218-5836/full/v15/i7/668.htm
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Figure 1 X-ray images after total right hip replacement surgery. A: At 1 yr postoperative; B: At 4 months postoperative, the inclination angle before 
revision arthroplasty was 40.1°; C: In lateral view at 4 months postoperative.

Figure 2  X-ray image showing hip arthrosis before total hip replacement surgery.

Laboratory examinations
The patient’s laboratory test findings were within normal ranges.

Imaging examinations
The X-ray images after right hip endoprosthesis acetabular component loosening are shown on Figure 3 and after the 
revision in Figure 4A and B, confirming the correct positioning of the prosthesis components.
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Figure 3 X-ray images of total right hip endoprosthesis acetabular component loosening. A: Right hip joint; B: Right hip joint in lateral view.

FINAL DIAGNOSIS
Inappropriate limb load transfer along with failure of bone graft incorporation led to aseptic acetabular component 
loosening of the right hip joint endoprosthesis.

TREATMENT
In 2012, a cementless endoprosthesis of the right hip was implanted using a Biomet Recap-Magnum 54 mm acetabulum 
and a microplastic metaphyseal stem with a 48 mm metal head. Bone defects mainly around the medial acetabular wall 
and trochanteric region were filled with an autologous cancellous bone transplantation taken from the femoral head. In 
2014, due to the patient’s symptoms and X-ray findings (Figure 3), he was immediately referred for revision arthroplasty 
of the right hip joint. During the procedure, the cementless Biomet Recup-Magnum system was removed. There was no 
evidence of metallosis intraoperatively. This time, a cementless 62 mm Biomet Exceed acetabulum was implanted 
supported by an acetabular screw (30 mm × 6.5 mm) with a ceramic liner (62/36 mm). A decision was made to perform 
plastic surgery with allogenic cancellous bone from the Tissue Bank in a volume of 20 cm³. A ceramic 36 mm head-cap of 
the J&J DePuy system (DePuy Synthes, The Orthopaedics Company of Johnson & Johnson MedTech, Warsaw, IN, United 
States) was implanted. At the end of the procedure, the surgeons observed no hip joint luxation and normal limb 
movements.

OUTCOME AND FOLLOW-UP
X-ray imaging after the procedure confirmed the correct positioning of the prosthesis components (see Figure 4A and B). 
The patient underwent rehabilitation in the ward and was discharged with the support of two elbow crutches. After 3 
months an orthopedic examination showed negative Trendelenburg and Duchenne signs and a significant improvement 
in clinical parameters compared to the state before revision arthroplasty. Moreover, a 9-year follow-up visit revealed 
similar results (Figure 4C and D). The postoperative wound healed correctly by primary adhesion and the patient was 
able to walk without any support, properly transferring the load between both hip joints. The acetabular inclination angle 
of the prosthesis before revision arthroplasty was 40.1° (Figure 1B) and after surgery 48.2° (Figure 4C). Right lower limb 
flexion was at 120˚, internal rotation 20˚, external 30˚, adduction 30˚, and abduction 40˚. The patient scored 5 points on the 
Lovett muscle strength scale for both limbs, 0 points on Western Ontario and McMaster Universities Arthritis Index 
(WOMAC), Harris Hip Score of 95, and 1 point on the Visual Analogue Scale. All results before and after revision arthro-
plasty are shown in Table 1.

DISCUSSION
Aseptic acetabular loosening after THA is one of the most common causes of both patient and surgeon disappointment, 
which can occur even when the primary procedure was performed with no complications. All factors can be divided into 
three groups: patient, surgeon and implant causes. Patient factors include age, body mass index, female sex, patient’s 
education, level of activity or comorbidities such as infection or aseptic loosening. Surgeon factors include experience and 
surgical approach. Implant factors include type of alloy, type of articulation, head design and neck or component 
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Table 1 Results before and after total hip arthroplasty revision

Scoring system Before revision After revision 9-yr follow-up

WOMAC 96 0

HHS 15 95

VAS 10 1

HHS: Harris Hip Score; VAS: Visual Analogue Scale; WOMAC: Western Ontario and McMaster Universities Arthritis Index.

Figure 4 X-ray images of the right hip joint after total hip arthroplasty revision. A: After total hip arthroplasty revision; B: In lateral view after total hip 
arthroplasty revision; C: At 9 years after total hip arthroplasty revision showing acetabular cup at an inclination angle of 48.2°; D: In lateral view at 9 years after total 
hip arthroplasty revision.

positioning. Identification of risk factors is difficult because revision arthroplasty is relatively infrequent, with late 
occurrence[4,5].

Here, we present a case report of a patient who underwent revision THA even though total hip replacement surgery 
had been performed successfully and follow-up visits 1 year after the procedure showed no complications in physical 
examination. Consequently, based on clinical data and X-ray imaging, inappropriate weight bearing in addition to 
inadequate bone graft healing seemed most likely responsible for the mechanical loosening. Due to a trauma of the left 
lower limb, the right hip joint was severely overloaded, which may have led to a stress shielding effect. It is a process in 
which bone tissue adapts to increased weight distribution by creating new cells to withstand excessive load and by 
resorbing bone tissue when it is unloaded. This process is called mechanosensation. Only when the body weight is 
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equally distributed over the limbs will the remodeling be properly regulated. Formation of atrophic bone in the region 
close to the hip prosthesis can occur when it is no longer physiologically loaded. This process negatively affects the 
implant’s lifespan[6]. There are a few ways to guarantee proper limb load transfer after a THA and reduce the risk of 
future hip joint revision arthroplasty. Some manufacturers propose changing the prosthesis design. Larger head sizes 
have been found to reduce the dislocation rate, shortening the stem may allow more uniform distribution of the load, and 
using other biomaterials with mechanical features replicating those of the bone tissue such as porous titanium can also 
reduce the stress shielding effect and osteolysis by 75% compared to traditional implants[7,8].

The other possible cause of our THA revision is the type of bearing. MOM and ceramic-on-ceramic (COC) bearings 
were developed to reduce polyethylene wear osteolysis. In a meta-analysis by Lee et al[9], MOM showed a higher 
revision rate than COC, possibly due to a lower wear rate of COC bearings and ceramic particles being more biocom-
patible than metallic. It is worth highlighting that in our case, the presence of bone defects primarily located around the 
medial acetabular wall in conjunction with a MOM articulation has the potential to exacerbate the development of a 
pseudotumor, which could negatively impact the overall results[10].

According to Higgins et al[11], both COC and ceramic-on-metal bearings in 211 patients had the same functional 
outcomes and radiographic parameters, but the latter had an increased revision rate due to the adverse reaction to metal 
debris. Moreover, a 20-year follow-up of COC bearings showed that they gave better results in terms of survivorship, 
complication rate and WOMAC scores, especially among younger patients[12].

In our case, we did not measure the level of metals in blood, but there were no signs of metallosis intraoperatively, 
which is also a well-known cause of acetabular loosening. According to Crawford et al[13], out of 188 patients with failed 
MOM THA revisions, the most common causes were acetabular or femoral aseptic loosening, infection and metallosis. 
Kelmer et al[14] reported that among 535 THA revisions, metallosis was the second major cause of this procedure (95 
cases), occurring mostly 2 or more years after the primary THA. According to Stryker et al[15], 107 patients underwent 
114 revisions of monoblock MOM THAs, mainly due to metallosis, aseptic loosening or infection.

Within the spectrum of methods available for addressing bone defects in revision THA, inlay bone grafting emerges as 
a viable and efficacious choice for the restoration of bone integrity and biological reconstruction[16]. One of the causes of 
acetabular loosening may be improper healing of the bone graft around the acetabulum. In our case, there were no 
indications for a computed tomography scan, which is a useful method in diagnosing bone graft abnormalities. However, 
according to our X-ray scans and clinical results, it is more likely that improper limb load transfer led to an incomplete 
bone graft incorporation and its improper remodeling. We would also like to emphasize the importance of graft vascular-
ization following THA procedures, as achieving adequate vascular de novo development within regenerating bone tissues 
remains an ongoing challenge. Moreover, it is noteworthy that the COC bearing configuration is bioinert due to less 
harmful ceramic wear debris, which makes it the safest articulation choice, with a lesser negative impact on bone graft 
healing and vascularization when compared to the MOM bearing[17].

Furthermore, it is also worth noting that patients of advanced age over 75 years have a higher risk of cognitive 
problems and muscular tone deficits, which may cause inability to follow the postoperative protocols and increase 
dislocation rates[18].

Hopefully, further clinical studies revealing new causes of acetabular loosening, technological developments in 
component design and surgical techniques will continuously reduce the number of THA revision procedures. Due to the 
long (9-year) follow-up period of our patient, who did not report any trauma or complications after the revision THA, we 
believe that the most likely factor responsible for acetabular loosening was the stress shielding effect altering bone graft 
structure caused by inappropriate limb load transfer.

CONCLUSION
It should be noted that even when the primary procedure is performed without complications, there are numerous 
circumstances and triggering factors that can lead to a need for revision arthroplasty. In our case, the patient did not 
exhibit any symptoms or radiological findings, suggesting possible loosening of the acetabular component during the 2-
year follow-up. However, most likely due to a trauma to the opposite hip joint, an inappropriate distribution of limb load 
led to mechanical loosening of the endoprosthesis. Following the revision arthroplasty, an improvement in the evaluation 
results was observed. These results indicate a significant improvement in the patient's condition after the revision 
surgery.

FOOTNOTES
Author contributions: All authors discussed the results and contributed to the final manuscript; Domagalski RS, Dugiełło B and Rokicka 
S wrote the draft of the manuscript and participated in the follow-up examination of the patient and clinical materials; Czech S, 
Skowroński R, Rokicka D, Wróbel MP and Strojek K were involved in drafting the manuscript and critically revising it; Stołtny T 
performed the surgery, and coordinated and helped to draft and finalize the manuscript.

Informed consent statement: Informed written consent was obtained from the patient for publication of this anonymized report and any 
accompanying images.

Conflict-of-interest statement: The authors declare that they have no conflicts of interest to disclose.



Domagalski RS et al. Inappropriate osteointegration causing aseptic acetabular loosening

WJO https://www.wjgnet.com 674 July 18, 2024 Volume 15 Issue 7

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was prepared and revised 
according to the CARE Checklist (2016).

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Poland

ORCID number: Rafał Stanisław Domagalski 0009-0000-7770-4338; Bogdan Dugiełło 0000-0001-8119-0245; Sonia Rokicka 0009-0000-1083-
201X; Szymon Czech 0000-0003-1180-7726; Rafał Skowroński 0000-0003-4068-7022; Dominika Rokicka 0000-0002-9974-1778; Marta Patrycja 
Wróbel 0000-0002-6091-4168; Krzysztof Strojek 0000-0002-6260-8674; Tomasz Stołtny 0000-0002-5189-1064.

S-Editor: Zhang H 
L-Editor: A 
P-Editor: Che XX

REFERENCES
1 Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip and knee arthroplasty in the United States from 2005 to 

2030. J Bone Joint Surg Am 2007; 89: 780-785 [PMID: 17403800 DOI: 10.2106/JBJS.F.00222]
2 Schwartz BE, Piponov HI, Helder CW, Mayers WF, Gonzalez MH. Revision total hip arthroplasty in the United States: national trends and in-

hospital outcomes. Int Orthop 2016; 40: 1793-1802 [PMID: 26830782 DOI: 10.1007/s00264-016-3121-7]
3 Tarazi JM, Chen Z, Scuderi GR, Mont MA. The Epidemiology of Revision Total Knee Arthroplasty. J Knee Surg 2021; 34: 1396-1401 

[PMID: 34507367 DOI: 10.1055/s-0041-1735282]
4 Dargel J, Oppermann J, Brüggemann GP, Eysel P. Dislocation following total hip replacement. Dtsch Arztebl Int 2014; 111: 884-890 [PMID: 

25597367 DOI: 10.3238/arztebl.2014.0884]
5 Karachalios T, Komnos G, Koutalos A. Total hip arthroplasty: Survival and modes of failure. EFORT Open Rev 2018; 3: 232-239 [PMID: 

29951261 DOI: 10.1302/2058-5241.3.170068]
6 Savio D, Bagno A. When the Total Hip Replacement Fails: A Review on the Stress-Shielding Effect. Processes 2022; 10: 612 [DOI: 

10.3390/pr10030612]
7 Gómez-Vallejo J, Roces-García J, Moreta J, Donaire-Hoyas D, Gayoso Ó, Marqués-López F, Albareda J. Biomechanical Behavior of an 

Hydroxyapatite-Coated Traditional Hip Stem and a Short One of Similar Design: Comparative Study Using Finite Element Analysis. 
Arthroplast Today 2021; 7: 167-176 [PMID: 33553545 DOI: 10.1016/j.artd.2020.11.022]

8 Arabnejad S, Johnston B, Tanzer M, Pasini D. Fully porous 3D printed titanium femoral stem to reduce stress-shielding following total hip 
arthroplasty. J Orthop Res 2017; 35: 1774-1783 [PMID: 27664796 DOI: 10.1002/jor.23445]

9 Lee YK, Yoon BH, Choi YS, Jo WL, Ha YC, Koo KH. Metal on Metal or Ceramic on Ceramic for Cementless Total Hip Arthroplasty: A 
Meta-Analysis. J Arthroplasty 2016; 31: 2637-2645.e1 [PMID: 27215192 DOI: 10.1016/j.arth.2016.04.014]

10 Augustyn A, Stołtny T, Rokicka D, Wróbel M, Pająk J, Werner K, Ochocki K, Strojek K, Koczy B. Revision arthroplasty using a custom-
made implant in the course of acetabular loosening of the J&J DePuy ASR replacement system - case report. Medicine (Baltimore) 2022; 101: 
e28475 [PMID: 35089189 DOI: 10.1097/MD.0000000000028475]

11 Higgins JE, Conn KS, Britton JM, Pesola M, Manninen M, Stranks GJ. Early Results of Our International, Multicenter, Multisurgeon, Double-
Blinded, Prospective, Randomized, Controlled Trial Comparing Metal-on-Metal With Ceramic-on-Metal in Total Hip Arthroplasty. J 
Arthroplasty 2020; 35: 193-197.e2 [PMID: 31540737 DOI: 10.1016/j.arth.2019.08.002]

12 Vendittoli PA, Shahin M, Rivière C, Barry J, Lavoie P, Duval N. Ceramic-on-ceramic total hip arthroplasty is superior to metal-on-
conventional polyethylene at 20-year follow-up: A randomised clinical trial. Orthop Traumatol Surg Res 2021; 107: 102744 [PMID: 33316444 
DOI: 10.1016/j.otsr.2020.102744]

13 Crawford DA, Adams JB, Morris MJ, Berend KR, Lombardi AV Jr. Revision of Failed Metal-on-Metal Total Hip Arthroplasty: Midterm 
Outcomes of 203 Consecutive Cases. J Arthroplasty 2019; 34: 1755-1760 [PMID: 31053470 DOI: 10.1016/j.arth.2019.04.019]

14 Kelmer G, Stone AH, Turcotte J, King PJ. Reasons for Revision: Primary Total Hip Arthroplasty Mechanisms of Failure. J Am Acad Orthop 
Surg 2021; 29: 78-87 [PMID: 32404682 DOI: 10.5435/JAAOS-D-19-00860]

15 Stryker LS, Odum SM, Fehring TK, Springer BD. Revisions of monoblock metal-on-metal THAs have high early complication rates. Clin 
Orthop Relat Res 2015; 473: 469-474 [PMID: 25028106 DOI: 10.1007/s11999-014-3791-7]

16 Abu-Zeid MY, Habib ME, Marei SM, Elbarbary AN, Ebied AA, Mesregah MK. Impaction bone grafting for contained acetabular defects in 
total hip arthroplasty. J Orthop Surg Res 2023; 18: 671 [PMID: 37697375 DOI: 10.1186/s13018-023-04154-0]

17 Hu CY, Yoon TR. Recent updates for biomaterials used in total hip arthroplasty. Biomater Res 2018; 22: 33 [PMID: 30534414 DOI: 
10.1186/s40824-018-0144-8]

18 Miettinen SSA, Mäkinen TJ, Laaksonen I, Mäkelä K, Huhtala H, Kettunen JS, Remes V. Dislocation of large-diameter head metal-on-metal 
total hip arthroplasty and hip resurfacing arthroplasty. Hip Int 2019; 29: 253-261 [PMID: 30209970 DOI: 10.1177/1120700018798302]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0000-7770-4338
http://orcid.org/0009-0000-7770-4338
http://orcid.org/0000-0001-8119-0245
http://orcid.org/0000-0001-8119-0245
http://orcid.org/0009-0000-1083-201X
http://orcid.org/0009-0000-1083-201X
http://orcid.org/0000-0003-1180-7726
http://orcid.org/0000-0003-1180-7726
http://orcid.org/0000-0003-4068-7022
http://orcid.org/0000-0003-4068-7022
http://orcid.org/0000-0002-9974-1778
http://orcid.org/0000-0002-9974-1778
http://orcid.org/0000-0002-6091-4168
http://orcid.org/0000-0002-6091-4168
http://orcid.org/0000-0002-6260-8674
http://orcid.org/0000-0002-6260-8674
http://orcid.org/0000-0002-5189-1064
http://orcid.org/0000-0002-5189-1064
http://www.ncbi.nlm.nih.gov/pubmed/17403800
https://dx.doi.org/10.2106/JBJS.F.00222
http://www.ncbi.nlm.nih.gov/pubmed/26830782
https://dx.doi.org/10.1007/s00264-016-3121-7
http://www.ncbi.nlm.nih.gov/pubmed/34507367
https://dx.doi.org/10.1055/s-0041-1735282
http://www.ncbi.nlm.nih.gov/pubmed/25597367
https://dx.doi.org/10.3238/arztebl.2014.0884
http://www.ncbi.nlm.nih.gov/pubmed/29951261
https://dx.doi.org/10.1302/2058-5241.3.170068
https://dx.doi.org/10.3390/pr10030612
http://www.ncbi.nlm.nih.gov/pubmed/33553545
https://dx.doi.org/10.1016/j.artd.2020.11.022
http://www.ncbi.nlm.nih.gov/pubmed/27664796
https://dx.doi.org/10.1002/jor.23445
http://www.ncbi.nlm.nih.gov/pubmed/27215192
https://dx.doi.org/10.1016/j.arth.2016.04.014
http://www.ncbi.nlm.nih.gov/pubmed/35089189
https://dx.doi.org/10.1097/MD.0000000000028475
http://www.ncbi.nlm.nih.gov/pubmed/31540737
https://dx.doi.org/10.1016/j.arth.2019.08.002
http://www.ncbi.nlm.nih.gov/pubmed/33316444
https://dx.doi.org/10.1016/j.otsr.2020.102744
http://www.ncbi.nlm.nih.gov/pubmed/31053470
https://dx.doi.org/10.1016/j.arth.2019.04.019
http://www.ncbi.nlm.nih.gov/pubmed/32404682
https://dx.doi.org/10.5435/JAAOS-D-19-00860
http://www.ncbi.nlm.nih.gov/pubmed/25028106
https://dx.doi.org/10.1007/s11999-014-3791-7
http://www.ncbi.nlm.nih.gov/pubmed/37697375
https://dx.doi.org/10.1186/s13018-023-04154-0
http://www.ncbi.nlm.nih.gov/pubmed/30534414
https://dx.doi.org/10.1186/s40824-018-0144-8
http://www.ncbi.nlm.nih.gov/pubmed/30209970
https://dx.doi.org/10.1177/1120700018798302


WJO https://www.wjgnet.com 675 July 18, 2024 Volume 15 Issue 7

World Journal of 

OrthopedicsW J O
Submit a Manuscript: https://www.f6publishing.com World J Orthop 2024 July 18; 15(7): 675-682

DOI: 10.5312/wjo.v15.i7.675 ISSN 2218-5836 (online)

CASE REPORT

Gouty destruction of a patellar tendon reconstruction and novel 
revision reconstruction technique: A case report

Carl C Edge, Jonathan Widmeyer, Omar Protzuk, Maya Johnson, Robert O’Connell

Specialty type: Orthopedics

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C 
Novelty: Grade B 
Creativity or Innovation: Grade B 
Scientific Significance: Grade B

P-Reviewer: Moldovan CA, 
Romania

Received: April 3, 2024 
Revised: May 7, 2024 
Accepted: June 3, 2024 
Published online: July 18, 2024 
Processing time: 100 Days and 1.3 
Hours

Carl C Edge, Jonathan Widmeyer, Omar Protzuk, Maya Johnson, Department of Orthopaedic 
Surgery, Division of Sports Medicine, Virginia Commonwealth University Health System, 
Richmond, VA 23298-0153, United States

Robert O’Connell, Division of Sports Medicine, Orthowest, Carrolton, GA 30117, United States

Corresponding author: Carl C Edge, MD, Researcher, Department of Orthopaedic Surgery, 
Virginia Commonwealth University Health System, 1200 E. Broad Street 9th FloorBox 980153, 
Richmond, VA 23298-0153, United States. carl.edge@vcuhealth.org

Abstract
BACKGROUND 
Gout is a disease characterized by hyperuricemia, and resultant deposition of uric 
acid crystals in tissues. While typically manifested as intraarticular crystals or 
tophi, gout can also cause pathology at entheses. Gouty deposition within ten-
dinous structures put them at risk for traumatic and degenerative rupture. Furth-
ermore, allografts can also be at risk of rupture in the setting of severe gout. We 
present the case of a 56-year-old female with severe gouty disease who sustained 
a re-rupture of a patellar tendon allograft reconstruction.

CASE SUMMARY 
A 56-year-old female presented to clinic after feeling her left knee pop and coll-
apse beneath her while descending stairs. She had a history of tophaceous gout 
and left patellar tendon rupture with reconstruction and multiple revisions over 
the course of 19 years. This patient presented with pain and extensor lag. A 
magnetic resonance image demonstrated a ruptured patellar tendon allograft re-
construction and avulsion fracture at the tibial tubercle. The patient was treated 
with a novel intervention of Achilles allograft with bone block in a unique config-
uration with a dermal allograft incorporated into the reconstruction. She was 
made non-weight bearing in the operative extremity in extension for the first four 
weeks postoperatively and was then progressed to active flexion over the course 
of eight weeks. At twelve weeks, she was able to fully extend her operative knee 
and at five months she was resuming her normal activities and exercises.

CONCLUSION 
Failed patellar tendon reconstruction due to gouty infiltration is treated with 
dermal allograft augmented Achilles tendon reconstruction with bone block.

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v15.i7.675
mailto:carl.edge@vcuhealth.org
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Core Tip: We present a case of a 56-year-old female with severe systemic tophaceous gout who presented with a rupture of 
her revision patellar tendon reconstruction due to severe gouty infiltration. The major takeaway from this case is that with 
multiple failed reconstructions of the patellar tendon, both structural and biologic reinforcement were sought to provide this 
patient the best chance for recovery and a substantial reconstruction. We provided a robust structural construct as well as 
biologic reinforcement with the use of an Achilles tendon allograft with a wedge-shaped bone block and a dermal allograft 
incorporated into the reconstruction.

Citation: Edge CC, Widmeyer J, Protzuk O, Johnson M, O’Connell R. Gouty destruction of a patellar tendon reconstruction and novel 
revision reconstruction technique: A case report. World J Orthop 2024; 15(7): 675-682
URL: https://www.wjgnet.com/2218-5836/full/v15/i7/675.htm
DOI: https://dx.doi.org/10.5312/wjo.v15.i7.675

INTRODUCTION
Patellar tendon rupture is a relatively rare phenomenon. These injuries are often secondary to trauma, however, chronic 
inflammatory states, such as gout, have been shown to increase risk of patellar tendon rupture[1-4].

Gout is a disease characterized by hyperuricemia, and resultant deposition of uric acid crystals in tissues. While 
typically manifested as intraarticular crystals or tophi, gout can also cause pathology at entheses[5,6]. Gouty deposition 
within tendinous structures put them at risk for traumatic and degenerative rupture. Furthermore, allografts can also be 
at risk of rupture in the setting of severe gout, as described following Anterior Cruciate Ligament reconstruction[7]. We 
present the case of a 56-year-old female with severe gouty disease who sustained a re-rupture of a patellar tendon allo-
graft reconstruction.

The literature review was performed using PubMed with the search items: “Patellar tendon reconstruction; gout 
tendinopathy; biologics in tendon reconstruction”. Descriptive literature from the years 1995-2023 were reviewed in-
cluding case reports, case series, clinical studies, and book chapters were selected. Eighty-seven articles were initially 
reviewed with criteria to exclude articles regarding veterinary research, articles not published in English, articles reg-
arding arthroplasty, and basic science research.

CASE PRESENTATION
Chief complaints
A 56-year-old female who presents with inability to bear weight in her left leg or extend her left knee.

History of present illness
She presented to clinic in December of 2022 after feeling her left knee pop and collapse beneath her while descending 
stairs. She had immediate pain and inability to bear weight or extend her left knee.

History of past illness
She has a history of severe tophaceous gout and left patellar tendon rupture and primary repair with transosseous suture 
at age 37 in January, 2004. This repair failed nearly two years later and was revised with a patellar tendon advancement 
with cerclage wire reinforcement in December, 2005. This revision repair failed, requiring reconstruction in November 
2006 with Achilles tendon allograft with bone block fixation (Table 1). Each time, it was felt that gouty depositions led to 
failure. She was followed closely by rheumatology and treated with multiple medications including allopurinol, feb-
uxostat, and pegloticase (Krystexxa), an intravenously infused recombinant porcine-like uricase that metabolizes uric acid 
to allantoin which increases its solubility. She experienced moderate improvement of uric acid serum concentrations with 
her medical treatments. Her additional comorbidities included body mass index of 47, Sjogren’s Syndrome, Chronic 
Kidney Disease, and progression of gout to multiorgan involvement since her previous patellar tendon reconstruction 
twelve years prior. Her gouty disease had contributed to severe arthritis in bilateral hands and feet, bilateral carpal tunnel 
syndrome (post bilateral carpal tunnel releases), and lumbar stenosis secondary to synovial gouty tophus (post lumbar 
decompression and fusion).

Physical examination
At presentation, she had a palpable defect in her left patellar tendon, ecchymosis into the calf with tenderness and 
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Table 1 Timeline of the history of left patellar tendon ruptures and interventions

Date Event

Injury: Initial left patellar tendon ruptureJanuary, 2004

Intervention: Primary repair

Injury: Rupture of patellar tendon repairDecember, 2005

Intervention: Patellar tendon advancement with cerclage wire reinforcement

Injury: Re-rupture of patellar tendonNovember, 2006

Intervention: Reconstruction of patellar tendon with Achilles tendon allograft

December, 2022 Injury: Re-rupture of patellar tendon reconstruction

swelling. She had a 40-degree extensor lag. On exam, she was neurovascularly intact without any ligamentous instability 
of the knee.

Imaging examinations
A left knee magnetic resonance imaging (Figure 1) demonstrated ruptured patellar tendon allograft reconstruction and 
avulsion fracture at the tibial tubercle. Contralateral knee radiographs were obtained to determine patellar height 
(Figure 2). The patient was placed into a knee immobilizer with plans for revision reconstruction with allograft augm-
entation.

FINAL DIAGNOSIS
Combined with the mechanism of injury, preoperative physical exam and imaging, the intraoperative findings of 
tophaceous gout within the patellar tendon, and the lab results showing uric acid crystals, the final diagnosis was patellar 
tendon reconstruction re-rupture secondary to gouty infiltration.

TREATMENT
An anterior approach to knee was made using prior incision. Extensive gouty material was found within the allograft 
tendon and the surrounding tissues. This was debrided and sent to rule out infection and confirm the diagnosis of gout. 
Consistent with preoperative imaging, the allograft was ruptured at the tibial tubercle with loose tibial hardware. The 
tibial hardware was removed and gouty material within the previous graft insertion site was debrided. The graft was 
excised off the distal pole of the patella. Extensive gouty deposition was visualized within the joint (Figure 3). Synovial 
samples were sent which returned as uric acid crystals.

An Achilles tendon allograft (Lifenet, Virginia Beach, VA, United States) with a bone plug was prepared for the 
revision procedure. The bone plug was shaped into a trapezoid with the wider limb distally to act as a wedge and 
prevent superior migration [approximately 3 cm (Length) × 2 cm (Depth) × 2 cm (Width)] (Figure 4). A corresponding site 
was prepared at the tibial tubercle. The bone block was then secured with two 4.0mm partially threaded cannulated 
screws with washers (DePuy Synthes, West Chester, PA) (Figure 5). Two #5 FiberWire sutures (Arthrex, Naples, FL) were 
placed as locking Kraków stitch through the tendon portion of the allograft. These were pulled through three longitudinal 
trans-osseous tunnels drilled through the patella. These were provisionally tensioned and clamped with the knee in full 
extension.

Two knotless fiber tack anchors (Arthrex, Naples FL) were then placed on the medial and lateral borders of the inferior 
pole of the patella. A 3 mm thick dermal allograft (Arthrex, Naples, FL) was then secured to the inferior pole of the patella 
with the previously placed knotless fiber tack anchors. A transverse slit in the graft was created and the excess proximal 
Achilles tendon allograft was passed from posterior to anterior through this opening. The distal portion of the dermal 
allograft was secured to the tibial tubercle in the speed bridge fashion with four swivel lock anchors (Arthrex, Naples, FL) 
and fiber tape overlying the bone block. The graft was tensioned and the transosseous sutures through the patella were 
tied, completing the patellar tendon reconstruction. Appropriate patellar height was confirmed with fluoroscopy of the 
contralateral knee. Accessory sutures from the anchors in the tibial tubercle were utilized to reinforce the graft medially 
and laterally. FiberWire suture was used to repair the medial and lateral retinaculum to incorporate the graft into the 
repair. The remaining allograft tendon was brought superiorly and reinforced into the quadriceps tendon with #2 
FiberWire in a figure-of-eight pattern. Prior to closure, the knee was brought to 60 degrees of flexion without excessive 
tension on the construct or gapping.
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Figure 1 Preoperative sagittal magnetic resonance imaging. (Proton Density weighted image fat saturation)-demonstrates avulsion fracture of the tibial 
tuberosity with patellar tendon rupture and patella alta.

Figure 2 Preoperative plain radiographs. A: Left knee lateral radiograph demonstrating patella alta and tibial tubercle avulsion fracture; B: Standing Anterior-
Posterior radiograph bilateral knees. Note patella alta of left knee with normal patellar height of right side.

OUTCOME AND FOLLOW-UP
Postoperatively, the patient was made non-weightbearing in the left lower extremity. Due to habitus and recurrent 
ruptures, we did not feel a knee immobilizer would provide adequate initial immobilization. Thus, she was placed into a 
long leg cast for two weeks. She was then transitioned to a custom fitted Total Range of Motion brace locked in extension 
and was allowed to bear weight. Isometric quad exercises were started. At one month, she began passive flexion exercises 
with a progression of 15 degrees per week. At nine weeks, she had full passive extension and seventy degrees of flexion 
in the left knee. She was still limited to weightbearing with the brace in extension until her quad strength improved. At 
three months, she had full active extension to resistance without extensor lag, as well as 90 degrees of active flexion. At 
five months, patient was riding a stationary bicycle and was ascending and descending stairs. Her active range of motion 
was from 10-115 degrees with full passive extension. At twelve months, she had no pain and felt she had improved 
function. Her extensor lag improved from 10 to 5 degrees (Figure 6). She returned to work and her usual daily and 
recreational activities.

International Knee Documentation Committee (IKDC) Subjective Knee Evaluation[8], Lower Extremity Functional 
Scale[9], and Lysholm Knee Scoring Scale[10] outcome measures were collected at follow ups (Table 2). All scores 
improved at all time points between 2 and 12 months.
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Table 2 Patient reported outcome scores at 2, 3, 5, and 12 months post-operatively

Months post-op Lower extremity functional scale IKDC subjective knee form Lysholm knee scale

2 months post-op 26 - -

3 months post-opp 42.5 55% 52

5 months post-op 53 - -

12 months post-op 59 69% 82

IKDC: International Knee Documentation Committee.

Figure 3 Intraoperative visualization of gouty infiltration of patellar tendon from prior allograft reconstruction. Gouty tophus noted within 
surrounding soft tissues with bony destruction of tibial tubercle.

Figure 4 Three-dimensional representation of bone block after contouring. A corresponding notch in the tibial tubercle was made to create a dovetail 
joint for bone block placement. This was done to prevent proximal migration a reinforce stability of the reconstruction.

DISCUSSION
Although gouty destruction of tendons has been described, there are no current reports of complete destruction of a 
patellar tendon allograft leading to failure; as in this patient[7,11]. Due to extensive destruction of surrounding tissues 
including tibial tubercle bone, augmentation of both soft tissue and bone were necessary for adequate healing.

Dermal allografts provide biologic and noninflammatory properties as well as time-zero structural integrity[12]. 
Tendon allografts must undergo multiple stages of healing and maturation in order to achieve long term structural 
integrity. In this process, the graft must undergo revascularization to support subsequent cellular repopulation and 
matrix remodeling[13,14]. The decellularized human dermal matrix functions as a collagen scaffold that facilitates host 
tissue integration and thus can assist in tendon allograft maturation.

Other forms of bioaugmentation, such as platelet rich plasma, bone marrow aspirate concentrate, and bio-inductive 
patches, have been gaining popularity as adjuncts in the treatment of tendon injuries. Like dermal allograft, bio-inductive 
patches provide porous animal collagen scaffold that promotes tissue formation. While they do not enhance strength of 
the repair directly, once incorporated, increased tendon thickness and tissue healing has been implicated in improved 
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Figure 5 Intraoperative images of reconstructive technique. A: Achilles bone block secured with screws with tensioning of graft proximally by 
transosseous tunnel technique; B: Dermal allograft placed overlying Achilles allograft using transverse slit to pass excess proximal tendon graft. Dermal allograft 
secured proximal to inferior pole patella with knotless fiber tack anchors; C: Dermal allograft secured distally with four swivel lock anchors with speed bridge 
technique and fiber tape; D: Extra proximal Achilles allograft reinforced to quadriceps tendon.

Figure 6  Active knee range of motion from 5 to 115 degrees at 1 year follow up.

pain and functional outcomes[15,16]. One must consider that these adjuncts can be costly, do not provide any structural 
enhancement to the repair, and have only been used in patellar tendon reconstruction in limited cases[17-20]. While few 
reports exist regarding the application of bio-inductive patches to patellar tendon repair/reconstruction, there are 
promising short and mid-term results[19-21]. Due to the low incidence of patellar tendon reconstruction and varied 
reconstructive options, there have been no large scale comparative studies to determine optimal technique, however, 
gracilis and semitendinosus are often used[22,23]. The addition of bioaugmentation to the well-established outcomes of 
tendinous allografts yields a promising solution for the problem of patellar tendon tears necessitating reconstruction in 
poor healing environments.

Our patient’s self-reported outcome scores correspond to fair functionality and some difficultly performing moderate 
to high-strain activities[8-10]. Furthermore, this patient progressed to 115 degrees of flexion, with regression to 5 degrees 
of extensor lag. It is possible that as she began ambulating, the micro-elasticity of the allograft allowed for a small amount 
of lengthening, which resulted in a slight lag. Most importantly, the patient has progressed to independence with the 
ability to exercise and work without pain.

CONCLUSION
Our report suggests that while multi-revision patellar tendon reconstructions are debilitating with a difficult recovery, 
that a dermal allograft augmented Achilles allograft reconstruction with bone block is affective for treatment of recurrent 
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patellar tendon rupture in the setting of gouty destruction with return to a functional level. This multi-graft technique 
could be considered for cases of graft revision or other complex patellar tendon reconstruction.
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