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Abstract
BACKGROUND 
In the field of minimally invasive surgery (MIS) for the treatment of hallux valgus 
(HV), different techniques have begun to emerge in the literature concerning the 
distal osteotomy of the first metatarsal bone, the synthesis or not of the metatarsal 
head, the possible association with lateral soft tissues release (LSTR) and osteo-
tomy of the base of the first phalanx.

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v14.i12.843
mailto:fabio.zanchini@unicampania.it


Zanchini F et al. LSTR on percutaneous HV correction

WJO https://www.wjgnet.com 844 December 18, 2023 Volume 14 Issue 12

AIM 
To evaluate the role of LSTR on percutaneous HV correction, evaluating functional and radiographical results.

METHODS 
From January 2012 to May 2016 a total of 396 patients with mild to moderate symptomatic HV treated with the MIS 
technique were included in this retrospective study. The technique provides no internal fixation (WOS). Patients 
were divided into the LSTR group and no LSTR group (LSTR N). This surgical procedure (LSTR) was reserved for 
insufficient HV angle (HVA) correction during fluoroscopic control. Patients were evaluated at each follow-up by 
two other authors after appropriate training by senior authors (first practitioners). Clinical evaluation was per-
formed before surgery, 6 mo after surgery, and 48 mo follow-up. American Orthopaedic Foot and Ankle Society 
(AOFAS) and visual analog scale (VAS) score was used to evaluate pain and function, and complications were 
recorded. In addition, the incidence of relapses and the degree of joint range of motion (ROM) with the association 
with the LSTR (capsule, adductor tendon, phalanx-sesamoid ligament, and the deep transverse metatarsal 
ligament) were evaluated. Radiological parameters included HVA and intermetatarsal angle (IMA). Patient 
satisfaction was assessed. Student t-test and Fisher exact test were used to assess statistical analysis.

RESULTS 
From our study it is clear that no differences in term of HVA, VAS, IMA correction, rate of complications, and 
AOFAS score were found between groups, while a significant improvement of the same variables was found in 
each group between pre and postoperative values. A significant improvement in ROM at 6 mo (P = 0.018) and 48 
mo (P = 0.02) of follow-up was found in LSTR N group. Complications were rare in both groups.

CONCLUSION 
LSTR procedure on percutaneous HV correction seems to increase postoperative joint stiffness with a comparable 
incidence of relapse and a low incidence of complications.

Key Words: Hallux valgus; Percutaneous distal osteotomy; Lateral release; Minimally invasive surgery; Without ostheo-
synthesis; Range of motion

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study evaluated a court of 396 patients treated with percutaneous technique, pain particular attention to the 
influence of the lateral soft tissues release (LSTR) on postoperative joint range of motion (ROM) and hallux valgus 
recurrence. A significant difference in ROM was recorded in the group where the LSTR was carried out, while there was no 
superior incidence of relapse between groups. ROM was revealed better at follow-up in LSTR not performed group. We 
believe these data represent an essential element to understanding the etiopathogenesis of complications. This data also 
enhances the validity of minimally invasive surgery with no osteosynthesis technique.

Citation: Zanchini F, Catani O, Sergio F, Boemio A, Sieczak A, Piscopo D, Risitano S, Colò G, Fusini F. Role of lateral soft tissues 
release in percutaneous hallux valgus correction: A medium term retrospective study. World J Orthop 2023; 14(12): 843-852
URL: https://www.wjgnet.com/2218-5836/full/v14/i12/843.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i12.843

INTRODUCTION
Hallux valgus (HV) is a common and progressive deformity of the forefoot with a multifactorial etiology[1]. This 
pathology most frequently affects women between the ages of 40 and 60. This deformity occurs in younger patients when 
there is a pathology that causes an overload on the first ray[2]. HV is defined by a variable as angular deviation of the 
first ray greater than 15° with a progressive abduction and pronation of the first phalanx and adduction, pronation and 
elevation of the first metatarsal. In literature are described wide variety of bony procedures, including osteotomies at the 
level of the head, midshaft, and base of the first metatarsal, as well as arthrodesis of the first metatarsal-cuneiform joint. 
The surgical treatments can be associated or not with lateral soft tissues release (LSTR)[3-5]. HV’s surgical management is 
made difficult not only by the complexity of pathology, but also by the absence of a surgical gold standard[6].

At present, minimally invasive surgery (MIS) is performed with minimal skin incisions (1-3 mm), under intraoperative 
X-ray guidance, and with or without internal fixation[7]. There is some confusion in the terminology used when referring 
to MIS or percutaneous surgery. The term percutaneous, which means made through the skin, should be utilized when 
there is no internal fixation (K-wire or screw), and MIS should be reserved for procedures with minimal incision but with 
osteosynthesis[8].

https://www.wjgnet.com/2218-5836/full/v14/i12/843.htm
https://dx.doi.org/10.5312/wjo.v14.i12.843


Zanchini F et al. LSTR on percutaneous HV correction

WJO https://www.wjgnet.com 845 December 18, 2023 Volume 14 Issue 12

This percutaneous management combines different procedures according to the complexity of the deformity to be 
corrected[9-12]. These procedures have become popular among foot surgeons, most arising from the traditional open 
distal metatarsal osteotomy. The advantages of percutaneous procedure are: 1-d hospitalization, and decrease posto-
perative morbidity and shorter rehabilitation times, in addition patients better accept this technique[7,13].

The choice to perform the percutaneous technique for the correction of HV rather than open surgery is not commonly 
accepted among orthopedic surgeons, despite the fact that this technique has been widely used for several years and its 
equal efficacy, and sometimes its superiority, compared to the open technique has been widely demonstrated in the 
literature. The main debate is whether or not internal fixation should be used[14].

The alignment of the first ray by medial rotation of the first metatarsal head and distal metatarsal articular angle 
(DMAA) correction is obtained by Reverdin-Isham percutaneous osteotomy an intra-articular medial closing wedge 
osteotomy of the distal metatarsal, associated with an Akin osteotomy[15], both performed without osteosynthesis[10,13,
16-18]. Reverdin-Isham is not a complete osteotomy, as the first metatarsal lateral cortex is preserved; the closing wedge 
ensures contact of the metatarsal head with the metaphysis. A special post-surgical corrective bandage makes internal 
fixation unnecessary. Due to early weight bearing, that technique allows the osteotomy to heal with the toe in its proper 
position[19].

MIS was introduced first in Spain and then in Europe by de Prado et al[18] and Lucas y Hernandez et al[20]. However, 
to our knowledge, no previous study has evaluated the long-term results of this technique. Thus, this prospective study 
aimed to evaluate the radiographic and clinical outcomes of patients with mild-to-severe HV treated by MIS with 
Reverdin-Isham and Akin percutaneous osteotomy following exostectomy and LSTR. The study aims to evaluate the role 
of LSTR on percutaneous HV correction, evaluating functional and radiographical results.

MATERIALS AND METHODS
Patients selection
From January 2012 to May 2016, 396 consecutive Caucasian patients with symptomatic HV from mild to moderate were 
enrolled in this study. All parties have been informed and have given their consent to the publication of the data. Of these 
patients, 79% (355) were women, and 10.35% (41) were men. The age ranged from 28 to 82 years (mean age 64 years). The 
surgical procedures were performed by two surgeons Fabio Zanchini, MD, PhD, Professor and Ottorino Catani, the 
supporters of MIS in southern Italy, who followed the patients in the outpatient evaluation and diagnosed the study 
participants. The surgical technique, the inclusion and exclusion criteria, the postoperative course, and the rehabilitation 
protocol were the same for both groups. Patients were evaluated at each follow-up by two other authors after appropriate 
training by senior authors (first practitioners). Standard follow-up was each week for the first 42 d, then at 3, 6, 9, and 12 
mo, and then yearly for at least 4 years.

The inclusion criteria were: Patients with mild to moderate painful HV after at least 6 mo of conservative treatment 
without acceptable results. Mild to moderate bunions have been included. This criterion was defined by the evaluation of 
the value of the intermetatarsal angle (IMA), described as mild (IMA from 10° to 13°), moderate (IMA from 14° to 20°), 
and severe (IMA > 20°). Patients with concurrent deformities in the lesser toe and metatarsalgia that required an 
accessory surgical time of finger correction and Distal Minimally Invasive Metatarsal Osteotomy (DMMO) of the II-III-IV 
metatarsal were also included. The presence of a previous correction of HV on the contralateral side or bilateral de-
formities were not considered an exclusion criterion. Patients who underwent previous HV correction surgery on the 
same side, with hallux rigidus, flat foot with joint laxity, rheumatoid arthritis, or other inflammatory conditions were 
excluded. Patients with diabetes, peripheral neuropathy, psychiatric and infectious diseases were excluded.

All procedures were performed under regional anesthesia with a sciatic blockage at the level of popliteal fossa using a 
nerve stimulator to inject 10 mL of mepivacaine hydrochloride at 1.5%, with ultrasound guidance. Of the 396 patients 
enrolled in the study, all subjects received the same surgical treatment, postoperative protocol and rehabilitation. From 
them, 209 (53%) underwent additional LSTR, defined as the transverse section of the adductor hallucis and lateral 
hemicapsulotomy. This surgical procedure was reserved for insufficient HV angle (HVA) correction during fluoroscopic 
control. The other 187 patients (47%) did not require additional surgical time.

Radiographic evaluation
Radiographic examination in anteroposterior and lateral weight-bearing projection was performed in all patients in the 
preoperative, immediate postoperative, and during 6 wk, 3, 6, and 9 mo follow-up, and then yearly. Each time, the 
following parameters were evaluated: HVA (normal value < 15°) and IMA (normal value < 10°). In addition, bone callus 
formation and the vanishing of transparency lines were screened to exclude consolidation delay or pseudoarthrosis. The 
lack of consolidation was defined as the persistence of the transparency lines and lack of bone callus formation after 9 mo 
from surgery. HVA values in the last follow-up > 15° were considered HV relapse.

Clinical evaluation
All patients were clinically evaluated with the same protocol in the preoperative and subsequent follow-up stages. The 
American Orthopaedic Foot and Ankle Society (AOFAS) scale was performed preoperatively, at 6 mo, and the last 
follow-up (4 years) for a maximum of 100 points divided into the following categories: Toe alignment (max 15 points), 
functional ability (max 45 points), and pain (max 40 points). Particular emphasis was given to the range of motion (ROM) 
evaluation by analyzing the global extension and flection of the metatarsophalangeal joint (MTPJ) and considering > 100° 
of motion the normal value, as described by Shereff et al[21] with the ideal value of 110°. The ROM evaluation was 
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performed preoperatively, at 6 mo, and then at the last follow-up.

Statistical analysis
Continuous data were reported as mean and standard deviation, while categorical data were reported as rate. The 
statistical analysis was performed using the student t-test, using appropriate software Sigmaplot (Systat software Inc., 
San Jose, A, United States). Data of AOFAS, visual analog scale (VAS), and ROM were compared between groups where 
LSTR was performed (LSTR Y) and LSTR not performed (LSTR N) through a 2-tailed Student t-test. At the same time, the 
rate of non-union, metatarsalgia, and complications were evaluated between groups with Fisher exact test. The P-value 
was set at P < 0.05.

Surgical technique
All patients were treated with the same surgical technique, with percutaneous correction of HV (ICD-9-CM 727.1; ICD-10 
M20.1), except for the group of LSTR, where latera release of soft tissue was performed. Both group wee trated with WOS 
technique (Figure 1). In this technique, the percutaneous osteotomy with a 2.0 mm × 12.0 mm Shannon burr (cat. 256018, 
FH Orthopedics SAS, Heimsbrunn, France) were performed extracapsulary in the subcapital region, perpendicular to 
longitudinal axis. The head can be translated up to 90% of first ray shaft diameter to recentering the sesamoids. In case of 
high DMAA with a curved proximal phalanx, Akin osteotomy was performed with 2.0 mm × 12.0 mm Shannon Burr. The 
lateral release, when performed, was obtained using a Beaver 64 scalpel (Rüttgers, Solingen, Germany). The incision is 
made on the most lateral part of the dorsal aspect of the MTPJ of the great toe, lateral to the extensor tendons and the 
scapel blade is inserted parallel to the extensor tendons. The blade is introduced deeply, entering the joint between the 
proximal phalangeal and metatarsal articular surfaces, until it is noted to be rubbing on the cartilage. The scapel blade is 
then advanced deeper until it reaches the inferolateral aspect of the base of proximal phalanx of the great toe, which is the 
point of insertion of the adductor tendon of the great toe. The blade is rotated 90° to orient the cutting edge laterally, and 
it is moved laterally. At the same time the great toe is moved medially, tensing the adductor to facilitate section of the 
tendon, which can be confirmed on fluoroscopy. Lateral metatarsophalangeal capsulotomy is then performed, preserving 
the dorsal half to avoid excessive destabilization of the joint[22].

Postoperative care
All patients followed the same postoperative protocol and were followed in the same way standardized by the two 
surgeons. There were no changes in postoperative protocol between groups. Weightbearing was allowed 3 h after surgery 
with a flat sole and rigid shoe. The bandage was maintained for 5 wk (Figure 2A), with replacement every 7-14 d. Upon 
removal of the bandage, patients were instructed to wear an interdigital silicone separator for two months as a night 
bracer. Upon removal of the bandage was prescribed the same rehabilitation protocol to all patients (10 sessions of 
assisted mobilizations of the I M-F, step rehabilitation, active exercises, etc.).

RESULTS
Forty-one male patients and 355 females were included in the study. Two-hundred-nine patients were included in the 
LSTR Y group, while 187 patients were included in the LSTR N group, with a mean age of 64 ± 16.02 years and 63.85 ± 
16.85 years, respectively. Results of preoperative, 6 mo, and last follow-up values of HVA, IMA, ROM, AOFAS, and VAS 
were reported in Table 1, while the clinical feature is reported as the last case (Figure 2B). Group comparison showed no 
difference in the preoperative value of HVA (P = 0.523), IMA (P = 0.686), ROM (P = 0.596), AOFAS (P = 0.882), and VAS (
P = 0.924).

A significant difference was found in ROM between groups at 6 mo (P = 0.018423) and the last follow-up (P = 0.02). No 
differences were found in terms of HVA at 6 mo (P = 0.593197), and last follow-up (P = 0.929243) and IMA at 6 mo (P = 
0.750608) and last follow-up (P = 0.649461), AOFAS at 6 mo (P = 0.841372) and last follow-up (P = 0.737018) and VAS at 6 
mo (P = 0.263118) and the last follow-up (P = 0.413075). The rate of non-union showed no significant differences between 
groups (P = 0.4541); the same was found for metatarsalgia (P = 0.5502).

Complications and management
No thromboembolic complications, no cases of hallux varus due to hypercorrection, and no cases of avascular necrosis 
were reported. No nerve injury was observed in any of the patients. Complications were observed in 37 patients (about 
9%); 21 in the LSTR Y group and 16 in the LSTR N group. The reported complications showed no significant differences 
in the two groups (P = 0.73).

Four patients developed a superficial infection at the medial access to exostosis, all resolved by general and local 
antibiotic therapy for 4 wk. One patient developed a deep infection which was also resolved by specific antibiotic 
administration after isolation of the bacterium. Seven patients submitted a consolidation delay. They were treated with 
pulsed electromagnetic fields (2 applications per day for 30 d) and administration of clodronic acid. Four reached healing 
and the complete regression of the symptomatology (pain and swelling of the MTPJ) after 12 mo from surgery. Two 
patients developed asymptomatic pseudoarthrosis: 1 required reintervention due to pain persistence. After 6 mo, the 
consolidation was achieved, with regression of the symptoms but subsequent development of joint stiffness.

In 9 patients, the medial margin of the cortical created impingement with soft tissues; two patients refused reinter-
vention, while in 7 patients, the problem was solved with percutaneous removal of the bone prominence. Eleven patients 
reported HV recurrence with a mild HVA value lower than the preoperative values; in 5 patients, exostosis relapsed. 
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Table 1 The main clinical and radiological features of patients included in the study preoperatively, at 6 mo, and at the last follow-up

Preop 6 mo Last follow-up

Soft tissue 
release

No soft tissue 
release

Soft tissue 
release

No soft tissue 
release

Soft tissue 
release

No soft tissue 
release

HVA 22.4 ± 5.26 22.74 ± 5.5 11.11 ± 2.01 11.22 ± 1.86 12.06 ± 1.39 12.07 ± 1.32

IMA 12.6 ± 1 12.61 ± 0.98 8.14 ± 1.36 8.18 ± 1.33 8.930 ± 1.35 8.99 ± 1.34

ROM 101.94 ± 9.64 102.46 ± 9.9 104.47 ± 7.9 106.28 ± 7.24 104.70 ± 6.07 105.96 ± 6.4

AOFAS 68.08 ± 8.51 67.95 ± 8.17 88.95 ± 8 88.79 ± 8 90.58 ± 6.3 90.37 ± 6.41

VAS 4.41 ± 1.12 4.42 ± 1.14 1.28 ± 1.01 1.39 ± 0.99 0.93 ± 0.76 0.99 ± 0.74

HVA: Hallux valgus angle; IMA: Intermetatarsal angle; ROM: Range of motion; AOFAS: American Orthopaedic Foot and Ankle Society; VAS: Visual 
analog scale.

Figure 1 Preoperative clinical and radiological features of a 42 years female patient with hallux valgus. A: Preoperative clinical; B: Radiological 
features.

There was no significant prevalence between treatment groups (P = 0.7628). Four of these patients underwent re-
intervention and then declared satisfied with the result. In 8 patients, medial exostosis relapsed. Insufficient debris 
removal and/or exostectomy were found in all these patients. Seven of them underwent a subsequent reintervention with 
percutaneous exostectomy. Nineteen patients reported severe stiffness at 6 mo follow-up, with no differences between 
groups (P = 0.4817). A significant improvement in joint stiffness was reached in 8 patients who performed intense physio-
therapy. After the revision of the preoperative X-ray, mild signs of joint degeneration were already highlighted in 85% of 
patients with residual joint stiffness. Eleven patients reported transfer metatarsalgia: 7 to medium-term follow-up and 4 
to long-term follow-up. Four of these patients were treated with plantar orthoses with no more pain. Seven patients 
requested a re-intervention of percutaneous dorsalization osteotomy (DMMO) of the II-III-IV metatarsal head with 
symptomatology resolution. Two of them subsequently developed metatarsalgia II-V which was treated with orthoses.

DISCUSSION
Studies concerning percutaneous or MIS for treating HV have increased exponentially in recent years[23-25]. Growing 
scientific evidence demonstrates the percutaneous MIS technique’s effectiveness in treating mild to moderate bunions. 
Compared with open techniques, the results overlap with fewer complications and greater patient satisfaction[26,27].

Our study evaluated a court of 396 patients treated with WOS technique as described by Lucattelli et al[22], pain 
particular attention to the influence of the LSTR on postoperative joint ROM and HV recurrence. A significant difference 
in ROM was recorded in the group where the LSTR was carried out, while there was no superior incidence of relapse 
between groups. Moreover, it must be noted that the starting ROM influences the postoperative ROM after surgery. 
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Figure 2 Postoperative fluoroscopic picture of the patient treated with percutaneous hallux valgus correction without fixation (bandages) 
and follow-up. A: Postoperative fluoroscopic picture of the patient treated with percutaneous hallux valgus correction without fixation (bandages); B: Clinical and 
postoperative X-rays of the previous patients at 6 mo of follow-up.

According to the conclusions of the metanalysis of Izzo et al[28], we found no difference in AOFAS and recurrence rate 
between procedures, but ROM was revealed better at follow-up in LSTR N group, which was not directly investigated in 
the meta-analysis.

We believe these data represent an essential element to understanding the etiopathogenesis of complications. LSTR did 
not produce significant differences between the two groups regarding the increased incidence of relapses. This data also 
enhances the validity of MIS with no osteosynthesis technique. Being a step-by-step procedure, it allows us to reserve the 
LSTR as the last surgical gesture and carry it out exclusively when, from the intraoperative evaluation, sufficient 
metatarsal-phalangeal joint congruence has not been obtained[29].

The osteotomy practiced with a burr provided more significant shortening and joint decompression than the one 
performed with a blade[22,30]. We always associate Akin’s osteotomy while keeping the medial cortical intact to balance 
the physiological loss of correction in post-op[31]. In agreement with Coughlin, the proper correction of DMMA allows 
the restoration of the balance of muscle forces at the level of the first ray in order to avoid adhesions and soft tissue 
retraction[1,32]. Our study reported better IMA correction than Reverdin and comparable results to Bauer et al[17] and 
Isham[19].

Our results demonstrated the reliability, durability, and lower incidence of complications of the technique than open 
techniques for HV correction[4,33]; we have recorded an incidence of complications of 9%, similar to other studies where 
the surgery was performed without fixation other than bandages[22,34-36] and fewer complications than studies with 
other MIS techniques[12,24].

According to Tournemine et al[37], we believe that the low incidence of this complication is due to our setting to 
practice DMMO in patients with particularly short metatarsals and patients with slightly and occasionally reported 
metatarsalgia[38,39]. Joint stiffness (global ROM < 95°) was recorded in 5.88% of patients treated without LSTR and 3.83% 
treated with LSTR, for a global rate of 4.8%. Some results could be justified by the lack of debris removal from the joint 
after exostectomy and partly by the lack of recognition of an initial hallux rigidus[40-42].

From the analysis of immediate postoperative radiography, we learned that the accurate removal of debris is a 
fundamental element, and two factors play a decisive role. The first is the image quality of the brightness amplifier 
during the intervention and the projection of the radiogram, which can be misinterpreted; and the second is the direct 
removal with the rasp towards the capsule to extract the fragments that often remain strictly attached to the capsule and 
are not easily removable even with saline solution irrigation[43]. To avoid the recurrence of exostoses we also recommend 
extending the exostectomy up to 2-3 mm beyond the profile of the medial cortex[25].

We reported a low percentage of pseudoarthrosis compared to those described in other different MIS techniques. In 
our view, it is one of the advantages of our technique. The removal of the exostosis makes it necessary for the axis 
correction with a lower head translation, which ensures more stability. Moreover, the osteotomy is performed intra-
capsular and safely regarding bone consolidation[44,45]. The Bosch and SERI techniques needed a greater translation of 
the head, which is not modular. The infection rate is similar to other percutaneous studies, and it is lower than other 
studies analyzing treatment with K wire at a rate ranging from 0.8% to 8%[12,13,24,46].

As for most literature, no avascular necrosis was reported[47,48]. While even if rare, it was reported that an incidence 
of avascular necrosis ranges from 0.8% to 3.5%[49]. Low burr speed and continuous irrigation with saline solution are 
fundamental elements to avoid avascular necrosis and scrupulous respect for the osteotomy level[30]. We believe that the 
low incidence of transfer metatarsalgia is linked to our practice of DMMO (II-III-IV) in patients who report mild and 
occasional metatarsalgia, in particular in those in which a metatarsal formula with index minus is evidenced[30,50,51]. 
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AOFAS score increased in both groups at 6 mo and last follow-up with increase in functional abilities and decrease in 
pain.

The study has several limitations; some are intrinsic to the study’s retrospective nature, while others are intrinsic with 
the study design. The lack of randomization, priori sample size calculation, the lack of blindness, and the decision to 
perform soft tissue lateral release or not are the study’s most critical limitations. The results of this study should be useful 
to surgeons treating these conditions. However, due to the lack of prospective studies in the literature regarding the LSTR 
procedure, we hope that our work will be a starting point for future prospective studies regarding this technique. We 
hope, in particular, that the aspect of joint stiffness will be deepened.

CONCLUSION
The percutaneous correction of HV is a reliable and safe procedure that significantly improves the AOFAS score and 
radiological angles, with a low risk of recurrence for the LSTR group. LSTR does not seem to affect pathology relapse, 
while the adequate correction of HVA remains the crucial factor. Early weight-bearing, minimal invasiveness, and the 
lack of internal fixation represent this technique’s advantages. LSTR seems to increase postoperative joint stiffness with a 
comparable incidence of relapse and a low incidence of complications. This data also enhances the validity of MIS with no 
osteosynthesis technique. Being a step-by-step procedure, it allows us to reserve the LSTR as the last surgical gesture and 
carry it out exclusively when, from the intraoperative evaluation, sufficient metatarsal-phalangeal joint congruence has 
not been obtained.

ARTICLE HIGHLIGHTS
Research background
Several minimally invasive surgical techniques for the correction of hallux valgus (HV) have emerged in the literature. 
These techniques concern the distal osteotomy of the first metatarsal, the use or not of internal fixation, osteotomy of the 
base of the first phalanx (Akin osteotomy). All these techniques can be associated with the lateral release of soft tissues.

Research motivation
The lack of copious prospective studies regarding lateral soft tissues release (LSTR) procedure.

Research objectives
The object of this study is to evaluate the role of LSTR on percutaneous HV correction, evaluating functional and radio-
graphical results.

Research methods
From January 2012 to May 2016, a total of 396 patients with mild to moderate symptomatic HV treated with the MIS 
technique were included in this retrospective study. The technique provides no internal fixation. Patients were divided 
into the LSTR group (LSTR Y) and no LSTR group (LSTR N). This surgical procedure (LSTR) was reserved for insufficient 
HV angle (HVA) correction during fluoroscopic control. Patients were evaluated at each follow-up by two other authors 
after appropriate training by senior authors (first practitioners).

Research results
We found a statistically significant difference in range of motion between the two groups (LSTR-N and LSTR-Y) at 6 mo (
P = 0.018423) and the last follow-up (P = 0.02). There are no significant differences between groups for the other 
parameters assessed (HVA, intermetatarsal angle, American Orthopaedic Foot and Ankle Society, visual analog scale).

Research conclusions
LSTR does not seem to affect pathology relapse, while the adequate correction of HVA remains the crucial factor. LSTR 
seems to increase postoperative joint stiffness with a comparable incidence of relapse and a low incidence of complic-
ations.

Research perspectives
Because of the lack of copious prospective studies regarding LSTR procedure, we feel a more thorough literature review 
is presented with both prospective and retrospective analyses. The results of this study should be useful to surgeons 
treating this condition and can be used in the design of future investigations into the joint stiffness.
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Abstract
BACKGROUND 
Total hip replacements (THR) and total knee replacements (TKR) are effective 
treatments for severe osteoarthritis (OA). Some studies suggest clinical outcomes 
following THR are superior to TKR, the reason for which remains unknown. This 
study compares clinical outcomes between THR and TKR.

AIM 
To compare the clinic outcomes of THR anad TKR using a comprehensive range 
of patient reported outcome measures (PROMs).

METHODS 
A prospective longitudinal observational study of patients with OA undergoing 
THR and TKR were evaluated using a comprehensive range of generic and joint 
specific PROMs pre- and post-operatively.

RESULTS 
A total of 131 patients were included in the study which comprised the THR 
group (68 patients) and the TKR group (63 patients). Both groups demonstrated 
significant post-operative improvements in all PROM scores (P < 0.001). There 
were no significant differences in post-operative PROM scores between the two 
groups: Hip and Knee Osteoarthritis Outcome scores (P = 0.140), Western Ontario 
and McMaster Universities Osteoarthritis Index pain (P = 0.297) stiffness (P = 
0.309) and function (P = 0.945), Oxford Hip and Knee Score (P = 0.076), EuroQol-
5D index (P = 0.386) and Short-Form 12-item survey physical component score (P 
= 0.106). Subgroup analyses showed no significant difference (P > 0.05) between 
cruciate retaining and posterior stabilised prostheses in the TKR group and no 
significant difference (P > 0.05) between cemented and uncemented fixation in the 
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THR group. Obese patients had poorer outcomes following TKR but did not significantly influence the outcome 
following THR.

CONCLUSION 
Contrary to some literature, THR and TKR are equally efficacious in alleviating the pain and disability of OA when 
assessed using a comprehensive range of PROMs. The varying knee prosthesis types and hip fixation techniques 
did not significantly influence clinical outcome. Obesity had a greater influence on the outcome following TKR 
than that of THR.

Key Words: Obesity; Osteoarthritis; Patient reported outcome measures; Total hip arthroplasty; Total knee arthroplasty

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Previous literature has suggested that the when comparing outcomes of total hip and knee replacements, on 
symptoms, function, and quality of life, as assessed by patient reported outcome measure (PROM) scores, total hip 
replacement have superior benefits to total knee replacements. This study has demonstrated, when a comprehensive range of 
PROM scores are used, both procedures are equivocally and very effective for the treatment of severe osteoarthritis. Sub-
analysis in the study has confirmed that whilst obese patients have poorer outcomes, they can still greatly benefit from 
surgical intervention.
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URL: https://www.wjgnet.com/2218-5836/full/v14/i12/853.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i12.853

INTRODUCTION
Osteoarthritis (OA) is a heterogenous disorder of joints which is characterised by degradation and loss of articular 
cartilage, osteophyte formation, subchondral remodelling and synovial inflammation which leads to symptoms of joint 
stiffness, instability, swelling, weakness and, most commonly, pain[1]. Globally, an estimated 240 million people globally 
suffer from the chronic sequelae of OA and is a leading cause of global disability[2,3]. Risk factors for OA include female 
gender[4], obesity[5], increasing age[6], and soft tissue trauma including meniscal tears[7]. As the United Kingdom 
population ages and becomes increasingly obese, rates of OA prevalence have increased from 8.2% to 10.7% in the past 20 
years[4]. Over 90000 primary total knee replacements (TKR) and over 95000 primary total hip replacements (THR) were 
performed in 2019 in the United Kingdom[8].

First line conservative treatment of OA includes analgesia, physiotherapy, activity modification, viscosupplementation, 
orthotics, steroid injections, topical gels, etc[9]. When symptoms are refractory to a consented period of non-operative 
treatment, surgical intervention is indicated in patients considered anaesthetically fit to undergo the procedure[10]. TKR 
and THR are the most common surgical procedures for the management of end-stage OA[8]. The major aims of joint 
arthroplasties are to improve symptoms of pain and functionality whilst improving the biomechanical and kinematic 
milieu of the joint[11].

Primary TKRs involve replacing the articular surface of the femur and tibia using either a cruciate retaining (CR) or 
posterior stabilized (PS) prosthesis. Primary THRs involve reaming the articular surface of the acetabulum and also 
removing the head and proximal neck of the femur and implanting cup and stem prosthetic components into the 
acetabulum and femur respectively, using either a cemented or uncemented technique[12,13]. Alternatively, a hybrid 
approach of a cemented femoral stem and an uncemented acetabular component can be utilised.

Lower limb joint arthroplasty also aims to improve the individual’s quality of life (QoL). Patient reported outcome 
measures (PROMs) are validated instruments which assess the symptoms, function and wellbeing of patients from their 
own perspective[14]. These offer a more detailed analysis than overall satisfaction rates. Published satisfaction rates 
following TKR average 81%[15] and range from 75% to 92%[16] whereas slightly higher rates, 86% to 95%, are reported 
following total hip arthroplasty[17]. A few studies have compared TKR and THR using PROMs to identify which is 
associated with the greatest improvement in clinical outcomes[18-20]. These studies suggest THRs are associated with 
superior outcomes however they are limited by a lack of variety of PROM instruments.

Wylde et al[18] compared the midterm clinical outcomes for TKR and THR procedures between 5 and 8 years post-
operatively using the Oxford Knee Scores (OKS) and Oxford Hip Scores (OHS) respectively for 1725 patients. This 
showed clinical outcomes following THR were statistically superior to those following TKR. However, the use of only a 
single PROM score, despite the vast cohort size, provides a weak comparison of the two surgical procedures. Equipoise 
remains over the clinical outcomes following TKR and THR in this cohort when using additional PROM instruments, 
particularly joint-specific PROMs that do not consider comorbidities.
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Current literature provides clear justification comparing TKR and THR using a more extensive selection of PROM 
instruments than previous studies which will help to identify if results remain similar under a more scrutinous 
comparison. Previous research has suggested that an increased body mass index (BMI) is associated with worse post-
operative functional scores and increased complications following TKR than patients of normal BMI[21]. Similarly, 
clinical outcomes following THRs were worse for obese and morbidly obese patients than those who were non-obese[22]. 
Furthermore, increasing levels of obesity have been shown to increase total stress and stress distribution in hip implants
[23]. The impact of obesity using PROMs following TKR and THR also requires further investigation. The aim of this 
study was to quantitatively evaluate patients with OA of the hip and knee before and after joint replacement surgery 
using validated PROMs and to compare the clinical outcomes between THR and TKR.

MATERIALS AND METHODS
This was a prospective longitudinal observational study of adult patients with advanced hip and knee OA, that was 
refractory to initial conservative treatment, who underwent elective primary THR and primary TKR, respectively, by a 
single consultant orthopaedic surgeon between August 2015 and March 2019. All patients included in this study 
completed PROM forms at their initial outpatient clinic consultation and also 12 mo following their surgery at their final 
post-operative follow-up clinic appointment. This study was exempt from institutional review board and ethics 
committee approval as it was a pragmatic study evaluating the existing clinical practice of the senior author. This 
observational study constituted part of the second author’s Masters dissertation.

All TKR’s were implanted via a standard medial para-patellar approach using Palacos + Gentamycin PMMA cement 
(Heraus Medical Gmbh, Hanau, Germany). The TKR prosthesis used for the TKR group was Genesis II (Smith & Nephew 
Inc., Memphis, Tennessee, United States) for both the CR and PS implants and all patients also had patella resurfacing 
(round resurfacing onlay patella). All THR’s were implanted via standard posterior approach using Palacos + Gentamycin 
PMMA cement (Heraus Medical Gmbh, Hanau, Germany) for the cemented hip components. The cemented THR 
prosthesis used was the cemented Exeter V40 femoral stem (Stryker Corp., Michigan, United States) and the cemented 
Exeter X3 RimFit acetabular cup (Stryker Corp., Michigan, United States). The uncemented THR prosthesis used was the 
uncemented anthology femoral stem (Smith & Nephew Inc., Memphis, Tennessee, United States) and the uncemented R3 
acetabular cup (Smith & Nephew Inc., Memphis, Tennessee, United States). The hybrid THR used the cemented Exeter 
V40 femoral stem along with the uncemented R3 acetabular cup. Generic PROM scores for all patients included: (1) 
EuroQol-5D index (EQ-5D)[24-27]; (2) Short Form 12-item Survey (SF-12)[28]; and (3) Self-assessment Co-Morbidity 
Questionnaire (SCQ)[29]. Knee specific PROM scores for TKR patients included: (1) Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC)[30,31]; (2) Knee Osteoarthritis Outcome Score (KOOS)[32,33]; and (3) OKS
[34,35]. Hip specific PROM scores for THR patients included: (1) WOMAC[30,31]; (2) Hip Osteoarthritis Outcome Score 
(HOOS)[36,37]; and (3) OHS[35,38].

All data was scored and analysed according to the instructions in the original publications for each PROM, and any 
missing data was handled in line with the current literature. The OKS and the OHS were calculated using the updated 
standardised scoring system; 0 to 48 as described by Murray et al[35].

Statistical analysis
An a priori power calculation for this study was derived from previously published literature of the WOMAC score[39] 
with a minimal clinically important change of 10 and a standard deviation of 15. The sample sizes were based on a 
conventional type I error of 5% and a type II error rate of 10% (i.e., 90% power). The calculation revealed that a sample 
size of approximately 49 subjects per group was required for a clinically relevant between group mean difference. Plotted 
histograms with fitted curve lines, box-plots, normal Q-Q plots and the Shapiro-Wilk statistic were used to test normality 
of data distribution. Almost all the continuous variables in the study displayed a skewed distribution and therefore the 
relevant non-parametric statistical tests were used for the data analysis. The Mann-Whitney U test was used for the 
between group statistical analyses and the Wilcoxon Signed Rank test was used for the within group analyses. The 
Kruskal-Wallis H test was used for the three-group hip prosthesis data analysis and the BMI analysis. The level of 
statistical significance was set at P < 0.05. Statistical analysis was performed using SPSS for Windows version 26.0 (IBM 
Corp., Armonk, New York). The power calculation was performed using Minitab statistical software version 18 (Minitab 
LLC, State College, Pennsylvania).

RESULTS
Patient demographics
A total of 131 patients were included in the study which constituted the TKR group (n = 63) and the THR group (n = 68). 
Table 1 shows their demographics, which overall, where very similar between the two groups. On average both groups 
were approximately 70 years old, overweight to obese, predominantly female and had undergone unilateral joint 
replacements. Both groups had similar American Society of Anaesthesiologist Physical Classification System classific-
ations and SCQ scores.
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Table 1 Patient demographics

Total knee replacement (n = 63) Total hip replacement (n = 68)

Age (yr), mean ± SD 72.1 ± 8.3 68.7 ± 9.4 

Gender (male:female) 22:41 27:41

Laterality (left:right:bilateral) 27:34:2 27:41:0

Height (m), mean ± SD 1.62 ± 0.09 1.66 ± 0.10

Weight (kg), mean ± SD 80.2 ± 15.1 82.6 ± 16.7

BMI (kg/m2), mean ± SD 30.4 ± 4.2 30.0 ± 5.5

ASA median (range) 2 (1-3) 2 (1-3)

SCQ median (range) 4 (0-15) 5 (0-18)

BMI: Body mass index; ASA: American Society of Anaesthesiologist Physical Classification System; SCQ: Self-Assessed Co-Morbidity Questionnaire.

TKR vs THR
Tables 2 and 3 (within-group analyses) show that all PROM scores significantly improved post-operatively as compared 
to their pre-operative results for both TKR and THR, respectively, with the only exception being the SF-12 MCS sub-score 
for THR (Table 3). Table 4 (between-group analysis) show no statistically significant differences in any of the PROM 
analyses between the two groups pre-operatively (with the only exception being KOOS/HOOS sports and recreation) or 
post-operatively.

TKR prostheses type
Of the 63 TKR patients, 36 had CR TKRs and 27 had PS TKRs. When comparing CR to PS TKRs there were no statistically 
significant differences in PROM scores between the two implants, neither pre-operatively nor post-operatively as shown 
in Table 5.

THR prosthesis type
Of the 68 THR patients, 36 had cemented THRs, 28 had uncemented THRs, 4 had hybrid THRs. The comparisons of pre-
operative and post-operative PROM score are shown in Table 6. As the sample size of the hybrid group was small, no 
upper bound interquartile range value was produced during statistical analysis, thus only the lower quartile value is 
given. The different types of fixations showed no statistically significant differences pre-operatively or postoperatively. 
The difference in HOOS symptoms score did generate a P-value of 0.046 however given the borderline statistical 
significance and being the only identified difference between any of the THR subgroups, it is likely to reflect a type I 
statistical error.

Obesity
Comparisons of pre-operative and post-operative PROM scores of the TKR group and the THR group by BMI classi-
fication are shown in Tables 7 and 8 respectively. In the TKR group (Table 7) there were no significant differences 
between BMI classifications pre-operatively. However, higher BMI classifications (more obese patients) scored 
significantly worse following TKR in the KOOS Pain (P = 0.046), KOOS QoL (P = 0.032) and WOMAC pain (P = 0.045) 
sub-scores. Overall, there were no statistically significant differences pre- or post-operatively in the THR group (Table 8) 
pertaining to BMI classifications with the only exception being patients with a higher BMI had poorer OHS pre-
operatively, however this was of borderline statistical significance (P = 0.046).

DISCUSSION
This study showed that both primary THR and primary TKR significantly improved patient reported outcomes following 
surgery in patients with advanced hip and knee OA. Overall, there was no significant difference in PROM scores post-
operatively between the two procedures and are therefore considered to be equally efficacious in this regard. A large 
effect size, and of strong statistical significance was seen as found in recent United Kingdom studies[40].

The TKR group and THR group had similar baseline demographics in terms of age and gender as well as general 
health pertaining to anthropometric measures and prevalence of medical comorbidities, thereby allowing for a valid 
direct comparison of their PROM scores. The between-group pre-operative comparison of outcome scores showed no 
significant differences, reflecting the impact of pain, function, and QoL of severe hip and knee OA can be equally 
debilitating. The post-operative scores also showed no significant differences between the two groups suggesting that two 
procedures are equally effective at improving pain, function, and QoL. This is contrary to the findings of other studies[18-
20] whereby THR outcomes have been shown to be superior to TKR outcomes. Bachmeier et al[19] found superior 
WOMAC and Medical Outcomes Study Short Form-36 (MOS SF-36) scores in the THR group. The conclusion of that 
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Table 2 Comparison of pre-operative and post-operative patient reported outcome measure scores: Total knee replacement

Pre-operative (n = 63), median 
(IQR)

Post-operative (n = 63), median 
(IQR) P value1 Z value

KOOS pain 36 (25-44) 92 (77 – 98) < 0.001a -6.617

KOOS symptoms 36 (21-46) 89 (82 – 93) < 0.001a -6.842

KOOS ADL 38 (31-44) 88 (78-97) < 0.001a -6.902

KOOS Sport/Rec 5 (0-25) 70 (50-86) < 0.001a -4.571

KOOS QoL 13 (6-25) 75 (56-93) < 0.001a -6.457

Overall KOOS 28.9 (18.2-37.9) 80.7 (64.5-89.4) < 0.001a -5.160

WOMAC pain 40 (30-50) 90 (80-100) < 0.001a -6.575

WOMAC stiffness 25 (25-37.5) 75 (63-100) < 0.001a -6.708

WOMAC function 38.2 (30.9-44.1) 91.2 (77.9-97.1) < 0.001a -6.625

Oxford knee score 15 (11-19) 40 (33-43) < 0.001a -6.618

EQ-5D index 0.345 (0.211-0.548) 0.821 (0.703-1) < 0.001a -6.237

EQ-5D VAS 65 (50-80) 83 (71-95) < 0.001a -5.323

SF-12 PCS 27.6 (23.2-32.1) 43.8 (33.0-50.4) < 0.001a -5.333

SF-12 MCS 47.0 (39.3-56.5) 58.6 (51.5-61.3) < 0.001a -3.832

1Wilcoxon Signed Rank test.
aStatistically significant P < 0.05.
IQR: Interquartile range; KOOS: Knee Osteoarthritis Outcome Score; ADL: Activities of daily living; Sport/Rec: Sports and recreation; QoL: Quality of life; 
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short form 12 
item survey; PCS: Physical component summary; MCS: Mental component summary.

study is limited, as it had approximately 50% dropout rate at 12 mo, the use of only a small range of PROM scores and 
was conducted 22 years ago where much has changed in the field of arthroplasty surgery. Choi et al[20] also found 
superior clinical outcomes for THR at 2 years using WOMAC and SF-12 scores. That study was limited by its unequal 
demographics between the two cohorts as the TKR group were older, more overweight and contained a much higher 
proportion of females. Additionally, only one disease specific (WOMAC) and one generic (SF-12) PROM score was 
assessed. The WOMAC score uses generic joint-related questions to compare clinical outcomes but are not joint specific
[30]. The MOS SF-36 and SF-12 are generic health PROM scores, therefore co-factors such as medical comorbidities[41] 
may confound the overall end results as unhealthier patients will have worse scores irrespective of the clinical outcomes 
of their osteoarthritic joints post-operatively. Additionally, the THR group in one study were significantly older, more 
overweight and had a higher proportion of females, than the TKR group[20]. Wylde et al[18] compared only the Oxford 
Hip and Knee Scores but were able to demonstrate greater improvements in the THR group at 5-8 years despite a 
response rate of 72%.

This study explored the differences in PROM scores between CR and PS TKR implants. These procedures have their 
respective advantages and can impact post-operative clinical outcomes differently. The implant utilised is dependent 
upon patient eligibility as well as surgeon training and experience[42]. In principle, a CR TKR retains the posterior 
cruciate ligament (PCL) which preserves the femoral rollback mechanism thereby improving stability and proprioception 
which provides a more natural gait than a PS prosthesis[43,44]. PS TKRs involve replacing the PCL by inserting an articu-
lating femoral cam and tibial spine mechanism[45] which is considered to be more mechanically stable with improved 
knee flexion[46]. CR TKR may be contra-indicated in the presence of a degenerated, deficient or chronically ruptured 
PCL, a PCL with poor elasticity, significant coronal and sagittal knee malalignment or in patients with a history of knee 
trauma where soft tissue balancing may prove difficult[42]. This study demonstrated there are no significant differences 
in post-operative PROM scores between the two implants. This confirms previous findings of no differences in PROMS 
between these types of knee arthroplasty[47,48].

THR techniques involve cemented, uncemented or a hybrid approach. Each has benefits depending on patient 
eligibility. Cementing is associated with improved overall survival and all-cause revision rates compared to uncemented 
and hybrid fixations[49] and has less complications in elderly patients with low bone density[50]. However, uncemented 
fixation may have superior survivorship than cemented fixations in younger patients, and overall, uncemented fixation is 
slightly more commonly practiced than cemented in England and Wales[51]. Uncemented fixation removes the risk of 
cement fragmentation and subsequent implant loosening requiring revision, and importantly prevents the possibility of 
bone cement implantation syndrome which can cause cardiovascular collapse and can be fatal[52]. Hybrid THR avoids 
the complication of acetabular cement fragmentation whilst retaining the aforementioned advantages of a cemented 
femoral stem[53]. There is little evidence demonstrating superior overall outcomes of hybrid THRs to other fixations[54]. 
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Table 3 Comparison of pre-operative and post-operative patient reported outcome measure scores: Total hip replacement

Pre-operative (n = 68), median 
(IQR)

Post-operative (n = 68), median 
(IQR) P value1 Z value

HOOS pain 33 (25-40) 92 (77-98) < 0.001a -4.868

HOOS symptoms 38 (30-49) 89 (82-93) < 0.001a -4.909

HOOS ADL 37 (26-43) 88 (78-97) < 0.001a -4.841

HOOS Sport/Rec 19 (6-31) 70 (50-86) < 0.001a -4.788

HOOS QoL 19 (6-31) 75 (56-93) < 0.001a -4.663

Overall HOOS 28.9 (18.2-37.9) 80.7 (64.5-89.4) < 0.001a -4.681

WOMAC pain 40 (30-49) 95 (85-100) < 0.001a -4.932

WOMAC stiffness 25 (25-50) 88 (75-100) < 0.001a -4.760

WOMAC function 36.8 (28.3-44.1) 91.9 (75.7-98.5) < 0.001a -4.864

Oxford hip score 14 (10-20) 42 (35-47) < 0.001a -4.912

EQ-5D index 0.335 (0.169-0.533) 0.857 (0.643-1) < 0.001a -4.918

EQ-5D VAS 65 (50-80) 90 (79-95) < 0.001a -4.357

SF-12 PCS 24.8 (21.7-29.3) 50.6 (36.5-55.0) < 0.001a -4.623

SF-12 MCS 49.6 (39.9-58.3) 57.8 (55.4-59.8) 0.076 -1.776

1Wilcoxon Signed Rank test.
aStatistically significant P < 0.05.
IQR: Interquartile range; KOOS: Knee Osteoarthritis Outcome Score; ADL: Activities of daily living; Sport/Rec: Sports and recreation; QoL: Quality of life; 
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short form 12 
item survey; PCS: Physical component summary; MCS: Mental component summary.

This study showed none of the implantation techniques demonstrated superior or inferior PROM scores as compared to 
each other. This is contrary to some previous evidence that uncemented THRs have better EQ-5D scores and pain relief
[55,56].

This study has demonstrated hip and knee arthroplasty remain highly effective treatments for severe OA and greatly 
improve pain, function, and QoL regardless of the surgical method used. Results suggest that all prostheses for TKR and 
fixations for THR in this study, considering patient eligibility, remain as effective options for treating hip and knee OA to 
provide good clinical outcomes.

Obesity was associated with higher pain and poorer QoL following TKR as shown by the KOOS and WOMAC scores 
respectively in the present study. Obesity has previously been associated with a higher rate of post-operative complic-
ations including pain, superficial wound infections, deep joint infections, deep vein thrombosis, mechanical failure and 
dislocations as well as worse clinical outcomes such as more chronic pain, more disability and a higher risk of revision[57-
59]. This study confirmed these findings as demonstrated by worse post-operative scores in KOOS pain, KOOS QoL, and 
WOMAC pain instruments for overweight and obese patients following TKR.

Si et al[21] found poorer post-operative clinical outcomes following TKR in obese patients using the Knee Society Score 
only, and Deakin et al[22] demonstrated obesity to be associated with worse clinical outcomes following both TKR and 
THR using the OKS and OHS respectively. These studies found significant differences between those considered: Not 
obese (BMI < 30), obese (BMI 30-40) and morbidly obese (> 40). In the present study, weight categories of normal (BMI < 
25), overweight (BMI 25-30), obese (BMI > 30) and morbidly obese (BMI > 40) were used, thereby not conflating ‘normal’ 
and ‘overweight’ patients. Obese patients with hip OA had worse symptoms pre-operatively according to only one 
instrument (OHS) however this difference was not significant post-operatively. Conversely, in the TKR group, worse 
post-operative outcomes where demonstrated in obese patients for KOOS pain, KOOS QoL and WOMAC pain sub-
scores.

For obese patients, pre-operative weight loss is routinely advocated as part of their conservative management. Overall, 
this study demonstrates good outcomes, as shown by improvements across multiple PROM scores, can be achieved in 
obese patients. Patients that are categorised as overweight or obese should not be denied arthroplasty based on BMI alone 
as obese patients obtained improved clinical outcomes and alleviation of their OA symptoms, however, caution should be 
exercised in the morbidly obese category of patients. The loss of functionality, associated with OA, may be a factor in 
patients being unable to lose weight through regular exercise. However, weight loss is primarily driven by diet, much 
more so than exercise, although the two combined approaches yield the best results. Therefore, it reasonable to consider 
total joint replacement if similar outcomes to patients of normal BMI are attainable. Furthermore, the previous studies 
measure one disease specific PROM each, the present study adds a more extensive insight into the impact of obesity on 
post-operative outcomes.
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Table 4 Comparison of pre-operative and post-operative patient reported outcome measure scores: Total knee replacement vs total hip 
replacement

TKR (n = 63), 
median (IQR)

THR (n = 68), 
median (IQR) P value1 Z value U value

Pre-operative 36 (25-44) 33 (25-40) 0.597 -0.528 1755KOOS/HOOS 
pain

Post-operative 92 (77-98) 95 (84-100) 0.208 -0.370 1206

Pre-operative 36 (21-46) 38 (30-49) 0.415 -0.415 1729KOOS/HOOS 
symptoms

Post-operative 89 (82-93) 90 (80-100) 0.629 -0.483 1189

Pre-operative 38 (31-44) 37 (26-43) 0.298 -1.040 1656KOOS/HOOS 
ADL

Post-operative 88 (78-97) 91 (76-98) 0.711 -0.370 1206

Pre-operative 5 (0-25) 19 (6-31) 0.030a -2.164 1001KOOS/HOOS Sport/Rec

Post-operative 70 (50-86) 75 (56-100) 0.158 -0.141 738

Pre-operative 13 (6-25) 19 (6-31) 0.106 -1.616 1519KOOS/HOOS QoL

Post-operative 75 (56-93) 84 (58-94) 0.499 -0.676 1030

Pre-operative 28.9 (18.2-37.9) 28.0 (21.0-37.6) 0.833 -0.211 1267KOOS/HOOS overall

Post-operative 80.7 (64.5-89.4) 88.8 (72.9-95.5) 0.140 -1.476 713

Pre-operative 40 (30-50) 40 (30-49) 0.984 -0.02 1886WOMAC pain

Post-operative 90 (80-100) 95 (85-100) 0.297 -1.04 1020

Pre-operative 25 (25-37.5) 25 (25-50) 0.583 -0.55 1786WOMAC stiffness

Post-operative 75 (63-100) 88 (75-100) 0.309 -1.02 1114

Pre-operative 38.2 (30.9-44.1) 36.8 (28.3-44.1) 0.639 -0.47 1798WOMAC function

Post-operative 91.2 (77.9-97.1) 91.9 (75.7-98.5) 0.945 -0.07 1151

Pre-operative 15 (11-19) 14 (10-20) 0.859 -0.177 1826OKS/OHS

Post-operative 40 (33-43) 42 (35-47) 0.076 -1.775 932

Pre-operative 0.345 (0.211-0.548) 0.335 (0.169-0.533) 0.719 -0.36 1761EQ-5D index

Post-operative 0.821 (0.703-1) 0.857 (0.643-1) 0.386 -0.87 988

Pre-operative 65 (50-80) 65 (50-80) 0.308 -1.02 1579EQ-5D VAS

Post-operative 83 (71-95) 90 (79-95) 0.374 -0.89 1019

Pre-operative 27.6 (23.2-32.1) 24.8 (21.7-29.3) 0.073 -1.79 1308SF-12 PCS

Post-operative 43.8 (33.0-50.4) 50.6 (36.5-55.0) 0.106 -1.62 690

Pre-operative 47.0 (39.3-56.5) 49.6 (39.9-58.3) 0.777 -0.28 1574SF-12 MCS

Post-operative 58.6 (51.5-61.3) 57.8 (55.4-59.8) 0.438 -0.78 784

1Mann-Whitney U test.
aStatistically significant P < 0.05.
IQR: Interquartile range; TKR: Total knee replacement; THR: Total hip replacement; KOOS: Knee Osteoarthritis Outcome Score; HOOS: Hip Osteoarthritis 
Outcome Score; ADL: Activities of daily living; Sport/Rec: Sports and recreation; QoL: Quality of life; OKS: Oxford Knee Score; OHS: Oxford Hip Score; 
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short form 12 
item survey; PCS: Physical component summary; MCS: Mental component summary.

A strength of this study is its comparison of multiple disease specific PROMs and (KOOS, HOOS, WOMAC, OKS and 
OHS) as well as generic PROMs (EQ-5D scores and SF-12). The use of this variety of scores can provide a more holistic 
and detailed assessment of clinical outcomes than that available in the current literature. Appropriate power calculations 
prove this study is adequately powered and less likely to produce a type-II statistical error. An additional strength of this 
study is that the hip and knee OA cohorts had similar demographics and severity of OA disease, allowing for direct 
comparison of improvements between the two arthroplasty procedures.

There are some potential limitations of this study. The relative impact of arthroplasty on hip and knee OA were 
compared directly using HOOS and KOOS in Table 4, despite them being separate instruments. Whilst different, they are 
comprised of the same metrics and sub-scores which enable direct comparisons. This method has previously been used
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Table 5 Comparison of pre-operative and post-operative total knee replacement patient reported outcome measure scores: Cruciate 
retaining vs posterior stabilised implants

Cruciate retaining (n = 
36), median (IQR)

Posterior stabilised (n = 
27), median (IQR) P value1 Z value U value

Pre-operative 36 (23-44) 36 (25-42) 0.568 -0.57 445.0KOOS pain

Post-operative 89 (69-100) 94 (83-97) 0.271 -1.10 348.5

Pre-operative 36 (26-53) 32 (21-43) 0.181 -1.34 390.0KOOS symptoms

Post-operative 86 (80-89) 89 (86-93) 0.074 -1.79 358.5

Pre-operative 39 (31-46) 38 (29-44) 0.950 -0.06 481.5KOOS ADL

Post-operative 88 (75-96) 94 (82-97) 0.292 -1.05 410.5

Pre-operative 5 (0-29) 5 (0-25) 0.721 -0.36 277.0KOOS Sport/Rec

Post-operative 70 (50-85) 70 (60-95) 0.671 -0.43 237.5

Pre-operative 6 (2-25) 13 (6-27) 0.408 -0.83 411.0KOOS QoL

Post-operative 75 (56-81) 75 (61-94) 0.557 -0.59 354.5

Pre-operative 29. 8 (20.8-36.5) 27.2 (16.8-38.5) 0.880 -0.15 286.5Overall KOOS

Post-operative 81.3 (64.0-88.8) 80.7 (75.3-90.8) 0.730 -0.35 232.0

Pre-operative 40 (30-50) 35 (30-50) 0.867 -0.17 474.0WOMAC pain

Post-operative 90 (75-100) 95 (85-100) 0.376 -0.88 363.0

Pre-operative 25 (25-47) 25 (25-38) 0.930 -0.09 480.0WOMAC stiffness

Post-operative 75 (63-88) 75 (75-100) 0.112 -1.59 374.5

Pre-operative 39.0 (30.9-45.2) 38.2 (29.4-44.1) 0.851 -0.19 472.5WOMAC function

Post-operative 88.2 (73.5-97.1) 94.1 (82.4-97.0) 0.286 -1.07 350.5

Pre-operative 14 (11-21) 15 (12-18) 0.760 -0.31 451.0Oxford knee score

Post-operative 41 (33-43) 40 (34-44) 0.794 -0.26 408.0

Pre-operative 0.322 (0.217-0.530) 0.392 (0.181-0.568) 0.747 -0.32 428.0EQ-5D index

Post-operative 0.795 (0.679-1) 0.829 (0.714-1) 0.885 -0.15 368.5

Pre-operative 65 (50-80) 80 (53-83) 0.180 -1.34 348.5EQ-5D VAS

Post-operative 85 (79-95) 80 (70-86) 0.151 -1.44 346.5

Pre-operative 28.1 (23.2-31.6) 25.7 (23.4-32.5) 0.653 -0.45 379.5SF-12 PCS

Post-operative 43.8 (34.9-52.2) 44.6 (28.3-50.9) 0.572 -0.57 248.5

Pre-operative 44.0 (38.7-53.9) 49.7 (41.6-57.1) 0.294 -1.05 341.5SF-12 MCS

Post-operative 57.5 (49.9-60.6) 59.4 (51.4-61.6) 0.306 -1.02 227.0

1Mann-Whitney U test.
IQR: Interquartile range; KOOS: Knee Osteoarthritis Outcome Score; ADL: Activities of daily living; Sport/Rec: Sports and recreation; QoL: Quality of life; 
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short Form 12 
item survey; PCS: Physical component summary; MCS: Mental component summary.

[18] for comparing OHS against OKS, as was the case in the present study too. PROMS provide clinicians and researchers 
with a tool to translate a qualitative description of patient’s symptoms into quantitative measures that can be used to 
tailor an individual’s management or assess and compare treatment methods in broader populations. However, PROM 
questionnaires are subject to missing data and errors due to patient factors such as willingness to complete all the 
questionnaires and comprehension of the wording of the individual items within each instrument. Inherently, studies 
using PROMs carry the potential for bias from these factors. Missing data was handled using established methods 
accordingly[30,60]. This study was conducted using data from a single surgeon at a single centre which may limit the 
generalisability of the findings but had the advantage of ensuring uniform procedures so that all other factors of the 
patient’s care remained consistent. Longer term follow-up of clinical outcomes after surgery would also be advantageous 
to evaluate if the parity of results persisted in the long-term too.
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Table 6 Comparison of pre-operative and post-operative total hip replacement patient reported outcome measure scores: Cemented, 
uncemented and hybrid fixations

Cemented (n = 36), 
median (IQR)

Uncemented (n = 28), 
median (IQR)

Hybrid (n = 4), 
median (IQR) P value1 H value

Pre-operative 35 (22.4-44.6) 31 (25-38) 40 (33-X) 0.512 1.338HOOS pain

Post-operative 95 (70-100) 98 (93-100) 89 (83- X) 0.332 2.205

Pre-operative 40 (30-50) 35 (29-45) 35 (15-X) 0.544 1.216HOOS symptoms

Post-operative 85 (75-90) 95 (85-100) 73 (65-X) 0.046a 6.614

Pre-operative 37 (25-43) 35 (28-44) 40 (35-X) 0.808 0.425HOOS ADL

Post-operative 91 (68-96) 98 (84-100) 80 (66-X) 0.176 3.479

Pre-operative 16 (5-27) 25 (6-43) 25 (19-X) 0.611 0.986HOOS Sport/Rec

Post-operative 75 (48-95) 94 (75-100) 59 (50-X) 0.111 4.405

Pre-operative 19 (6-31) 19 (13-38) 31 (25-X) 0.401 1.827HOOS QoL

Post-operative 75 (50-94) 88 (69-100) 56 (50-X) 0.259 2.703

Pre-operative 26.1 (19.7-40.0) 29.7 (21.5-40.3) 35.9 (25.3-X) 0.812 0.418Overall HOOS

Post-operative 88.4 (64.8-92.2) 95.0 (79.0-98.8) 71.4 (65.2-X) 0.130 4.086

Pre-operative 45 (25-55) 35 (30-40) 40 (35-X) 0.497 1.398WOMAC pain

Post-operative 95 (65-100) 95 (90-100) 90 (80-X) 0.764 0.538

Pre-operative 25 (25-50) 25 (25-38) 25 (25-X) 0.964 0.074WOMAC stiffness

Post-operative 88 (75-88) 88 (75-100) 69 (63-X) 0.170 3.540

Pre-operative 39.7 (26.5-50.0) 34.6 (29.0-44.1) 39.7 (35.3-X) 0.790 0.472WOMAC function

Post-operative 91.2 (67.7-95.6) 98.5 (83.8-100) 80.1 (66.2-X) 0.190 3.317

Pre-operative 14 (10-19) 14 (11-22) 19 (17-X) 0.238 2.872Oxford hip score

Post-operative 41 (33-46) 44 (39-47) 38 (34-X) 0.347 2.118

Pre-operative 0.375 (0.155-0.533) 0.314 (0.217-0.535) 0.604 (0.482-X) 0.128 4.106EQ-5D index

Post-operative 0.836 (0.592-1) 1 (0.747-1) 0.790 (0.580-X) 0.529 1.274

Pre-operative 65 (50-80) 65 (39-80) 60 (60-X) 0.938 0.127EQ-5D VAS

Post-operative 90 (70-95) 90 (80-98) 80 (65-X) 0.779 0.499

Pre-operative 25.0 (21.1-27.3) 25.3 (21.9-31.1) 24.7 (20.4-X) 0.597 1.030SF-12 PCS

Post-operative 50.6 (32.3-54.8) 53.4 (43.3-55.8) 42.9 (36.4-X) 0.447 1.610

Pre-operative 49.5 (41.1-58.2) 50.6 (38.7-58.6) 50.7 (34.4-X) 0.980 0.040SF-12 MCS

Post-operative 56.6 (53.7-59.8) 59.2 (57.3-60.8) 47.1 (36.1-X) 0.128 4.104

1Kruskal Wallis H test.
aStatistically significant P < 0.05.
IQR: Interquartile range; HOOS: Hip Osteoarthritis Outcome Score; ADL: Activities of daily living; Sport/Rec: Sports and recreation; QoL: Quality of life; 
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short Form 12 
item survey; PCS: Physical component summary; MCS: Mental component summary.

CONCLUSION
THR and TKR are greatly effective at improving pain, function, and QoL in patients with severe OA. The clinical outcome 
of both procedures was found to be equally efficacious in this regard post-operatively. No significant difference was 
found in the outcome between CR and PS TKR implants, nor was a significant difference found between cemented and 
uncemented THRs. Obesity had a greater influence on the outcome following TKR than that of THR.
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Table 7 Pre-operative and post-operative impact of body mass index category on patient reported outcome measure scores: Total knee 
replacements

Normal (n = 8), 
median (IQR)

Overweight (n = 24), 
median (IQR)

Obese (n = 31), 
median (IQR) P value1 H value

Pre-operative 41 (22-51) 38 (26-49) 33 (22-42) 0.230 2.936KOOS pain

Post-operative 97 (95-100) 92 (73-97) 88 (72-98) 0.046a 6.160

Pre-operative 32 (23-62) 38 (21-56) 32 (22-43) 0.701 0.712KOOS symptoms

Post-operative 91 (86-95) 89 (86-93) 86 (79-93) 0.129 4.098

Pre-operative 40 (25-53) 38 (34-45) 40 (26-43) 0.466 1.527KOOS ADL

Post-operative 96 (89-99) 91 (78-97) 87 (76-96) 0.214 3.079

Pre-operative 5 (0-63) 8 (0-25) 5 (0-20) 0.621 0.952KOOS Sport/Rec

Post-operative 75 (60-100) 73 (51-84) 65 (45-88) 0.582 1.083

Pre-operative 19 (0-44) 19 (6-31) 6 (6-19) 0.302 2.394KOOS QoL

Post-operative 91 (75-99) 75 (63-100) 63 (47-81) 0.032a 6.881

Pre-operative 36.5 (12.1-51.1) 32.2 (20.8-43.8) 26.6 (16.7-33.7) 0.354 2.075Overall KOOS

Post-operative 87 (80-97) 81.3 (67.2-92.0) 79.9 (64.1-84.8) 0.208 3.139

Pre-operative 45 (25-54) 40 (30-50) 35 (25-50) 0.332 2.206WOMAC pain

Post-operative 100 (95-100) 90 (75-99) 90 (79-100) 0.045a 6.186

Pre-operative 38 (6-59) 25 (25-47) 25 (25-38) 0.704 0.702WOMAC stiffness

Post-operative 100 (75-100) 75 (63-100) 75 (63-88) 0.084 4.960

Pre-operative 39.7 (25.0-53.3) 38.2 (34.1-45.2) 39.7 (26.5-44.1) 0.521 1.302WOMAC function

Post-operative 97.1 (93.0-100) 91.2 (78.3-97.1) 86.0 (75.7-97.1) 0.125 4.154

Pre-operative 17 (11-23) 15 (11-19) 14 (11-19) 0.566 1.137Oxford knee score

Post-operative 39 (38-40) 42 (33-45) 39 (33-43) 0.559 1.165

Pre-operative 0.502 (0.107-0.630) 0.304 (0.215-0.479) 0.356 (0.206-0.535) 0.606 1.002EQ-5D index

Post-operative 0.837 (0.821-1) 0.837 (0.735-1) 0.767 (0.633-0.939) 0.260 2.696

Pre-operative 80 (65-80) 80 (50-90) 60 (50-70) 0.139 3.940EQ-5D VAS

Post-operative 80 (74-85) 85 (70-95) 85 (70-90) 0.652 0.856

Pre-operative 29.6 (24.8-36.4) 28.2 (23.9-37.8) 27.2 (21.6-29.9) 0.257 2.714SF-12 PCS

Post-operative 49.0 (44.0-51.7) 46.9 (30.1-53.3) 38.5 (32.5-49.6) 0.379 1.942

Pre-operative 48.2 (38.1-54.6) 50.1 (40.0-59.6) 45.0 (38.6-54.1) 0.692 0.737SF-12 MCS

Post-operative 58.6 (53.4-60.6) 59.3 (44.2-62.3) 57.8 (51.2-60.5) 0.897 0.208

1Kruskal Wallis H test.
aStatistically significant P < 0.05.
KOOS: Knee Osteoarthritis Outcome Score; ADL: Activities of daily livin; Sport/Rec: Sports and recreation; QoL: Quality of life; WOMAC: Western 
Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short Form 12 item survey; PCS: 
Physical component summary; MCS: Mental component summary.

Table 8 Pre-operative and post-operative impact of body mass index category on patient reported outcome measure scores: Total hip 
replacements

Normal (n = 14), 
median (IQR)

Overweight (n = 16), 
median (IQR)

Obese (n = 34), 
median (IQR)

Morbidly obese (n 
= 4), median (IQR) P value1 H value

Pre-operative 38 (23-43) 35 (29-44) 30 (25-39) 22.5 (15-X) 0.405 2.917HOOS pain

Post-operative 99 (65-100) 99 (86-100) 93 (73-97) 97 (97-97) 0.310 3.582
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Pre-operative 40 (28-53) 38 (25-53) 40 (30-49) 35 (25-X) 0.720 1.339HOOS 
symptoms

Post-operative 90 (63-100) 98 (69-100) 85 (78-90) 85 (85-85) 0.718 1.349

Pre-operative 39 (23-48) 38 (32-42) 33 (27-43) 18 (18-X) 0.277 3.860HOOS ADL

Post-operative 92 (67-99) 98 (73-100) 84 (63-96) 94 (94-94) 0.294 3.712

Pre-operative 28 (20-31) 25 (19-44) 6 (0-25) 13 (6-X) 0.088 6.536HOOS 
Sport/Rec

Post-operative 88 (75-100) 91 (55-100) 63 (34-91) 75 (75-75) 0.252 4.090

Pre-operative 25 (6-41) 25 (19-31) 19 (13-25) 13 (0-X) 0.486 2.443HOOS QoL

Post-operative 88 (58-100) 81 (53-98) 69 (38-90) 94 (94-94) 0.376 3.106

Pre-operative 35.9 (29.9-41.7) 36.0 (24.8-38.5) 25.7 (20.7-33.3) 25.0 (12.8-X) 0.267 3.950Overall HOOS

Post-operative 91.2 (88.8-100) 95.1 (68.3-98.6) 79.0 (60.4-90.0) 89.0 (89.0-89.0) 0.256 4.047

Pre-operative 40 (33-63) 38 (31-53) 38 (30-45) 25 (15-X) 0.445 2.673WOMAC pain

Post-operative 100 (68.8-100) 100 (85-100) 90 (75-98) 95 (95-95) 0.332 3.417

Pre-operative 38 (19-50) 38 (25-50) 25 (25-38) 25 (13-X) 0.377 3.099WOMAC 
stiffness

Post-operative 94 (56-100) 94 (66-100) 75 (75-88) 75 (75-75) 0.483 2.459

Pre-operative 39.7 (30.1-54.4) 39.7 (32.0-43.8) 33.1 (26.8-44.1) 17.6 (17.6-X) 0.267 3.951WOMAC 
function

Post-operative 91.9 (69.1-99.3) 98.5 (73.2-99.6) 83.8 (63.2-95.6) 94.1 (94.1-94.1) 0.313 3.562

Pre-operative 23 (12-29) 18 (13-22) 13 (10-19) 7 (5-X) 0.046a 8.001Oxford hip score

Post-operative 44 (35-47.75) 44 (36-48) 39 (31-45) 47 (47-47) 0.275 3.882

Pre-operative 0.527 (0.059-0.699) 0.481 (0.235-0.568) 0.289 (0.210-0.420) 0.169 (-0.199-X) 0.305 3.624EQ-5D index

Post-operative 1 (0.659-1) 1 (0.685-1) 0.750 (0.639-0.892) 1 (1-1) 0.158 5.198

Pre-operative 60 (40-80) 80 (60-85) 65 (40-74) 65 (40-X) 0.250 4.105EQ-5D VAS

Post-operative 93 (60-100) 94 (71-100) 80 (75-84) 90 (90-90) 0.106 6.114

Pre-operative 31.8 (19.7-37.1) 26.8 (22.5-37.9) 24.1 (21.4-27.6) 25.0 (21.7-X) 0.370 3.144SF-12 PCS

Post-operative 54.8 (40.5-56.0) 49.3 (36.4-55.3) 43.9 (28.0-54.8) 49.3 (49.3-49.3) 0.590 1.914

Pre-operative 59.5 (51.2-63.1) 53.5 (39.9-61.7) 47.4 (40.1-52.7) 32.3 (16.7-X) 0.075 6.919SF-12 MCS

Post-operative 57.5 (55.9-59.8 59.8 (55.7-60.8) 57.7 (50.2-59.8) 60.8 (60.8-60.8) 0.334 3.396

1Kruskal Wallis H test.
aStatistically significant P < 0.05.
IQR: Interquartile range; HOOS: Hip Osteoarthritis Outcome Score; ADL: Activities of daily living; Sport/Rec: Sports and recreation; QoL: Quality of life; 
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; EQ-5D: EuroQol-5D index; VAS: Visual Analogue Scale; SF-12: Short Form 12 
item survey; PCS: Physical component summary; MCS: Mental component summary.

ARTICLE HIGHLIGHTS
Research background
Patient report outcome measures (PROMs) quantitatively assess patient’s symptoms, function and quality of life (QoL). It 
is known severe osteoarthritis (OA) can be alleviated by joint replacement. To what extent these procedures improve 
symptoms, function, and QoL can vary depending on the joint, type of procedure, and patient co-factors. Additionally, it 
is important to maintain a contemporary assessment of the impacts of current surgical practice. The significance of this 
study is it is the first study of its type to assess the impact of total hip replacements (THR) and total knee replacements 
(TKR) using a large range of PROMS, in a modern cohort, which also provides sub-analysis on the impact of implant type 
and obesity.

Research motivation
Previous literature on the impact of THR and TKR is either out-of-date or very narrow in it’s scope. As an orthopedic 
surgeon, it is important to predict the impact of these procedures, in order to tailor management for each patient. 
Therefore, knowing the impact of modern arthroplasty on symptoms, function, and QoL should be explored and 
available in the literature. Additionally, factors such as obesity can significantly deter surgeons from offering surgery to 
patients due to known peri-operative risks without fully appreciating the long term benefits patients can achieve. It is 
therefore our motivation to explore if THR and TKR can offer good outcomes to patients and begin to explore which 
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patient, implant and operative factors can lead to the best outcomes or pose particular risks. Future research can use the 
approach of this study identify which of the factors should be considered when counseling patients with severe OA.

Research objectives
The primary objective of this study was to explore patient reported outcome measures in patients before and after total 
hip and knee replacement procedures. This was achieved with a sufficiently powered study to detect statistical and clinic 
significance, and comparison of the two groups was also achieved. Future research can monitor the impact of these 
procedures as surgical technology continues to improve. Additionally, further research can proceed determine which 
other factors impact patient outcomes following joint arthroplasty.

Research methods
This study is a pragmatic clinic study of real time clinical practice. The PROMs used in this study are routinely collected 
in clinical practice and some contribute to data collected by the United Kingdom National Joint Registry. The range of 
PROMs, although used in a different context, have been utilised in the MD thesis of the senior author. These studies 
shared similar methodologies to the studies cited. The value of using a range PROMs could be incorporated into national 
joint registries to allow for research which is highly powered and diverse in its assessment of outcomes.

Research results
This study contributes to the modern literature by demonstrating that hip and knee arthroplasty are equally effective at 
treating the symptoms of severe OA, and equally successful at improving patient function and QoL. This study reflects 
more recent clinical practice, more comparable clinical cohorts and a broader range of PROMS than the current literature 
offers. These results can be built upon to establish which other factors impact patient outcomes following joint arthro-
plasty.

Research conclusions
This study proposes the theory that hip and knee OA can be equally symptomatic in severity, and limiting in QoL and 
function to patients. Furthermore, arthoplasty is equally effecting at improving these outcomes, regardless of the method 
used (cruciate retaining vs posterior stabilized, cemented vs uncemented). This study compares established outcome 
measures for established surgical procedures. Whilst no new or novel methodology is proposed, a comprehensive 
assessment has been demonstrated for the first time in the literature.

Research perspectives
Broadly speaking, research should aim to establish which patient, operative and implant factors can be optimised in order 
to produce the best outcomes, and mitigate risk, for patient undergoing joint arthroplasty for OA.
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Abstract
BACKGROUND 
Ankle fractures are common lesions of the lower limbs. Approximately 40% of 
ankle fractures affect the posterior malleolus (PM). Historically, PM osteosyn-
thesis was recommended when PM size in X-ray images was greater than 25% of 
the joint. Currently, computed tomography (CT) has been gaining traction in the 
preoperative evaluation of ankle fractures.

AIM 
To elucidate the similarity in dimensions and to correlate PM size in X-ray images 
with the articular surface of the affected tibial plafond in the axial view on CT 
(AXCT) of a PM fracture.

METHODS 
Eighty-one patients (mean age: 39.4 ± 13.5 years) were evaluated (54.3% were 
male). Two independent examiners measured PM size in profile X-ray images 
(PMXR) and sagittal CT (SAGCT) slices. The correlation of the measurements 
between the examiners and the difference in the PM fragment sizes between the 
two images were compared. Next, the PM size in PMXR was compared with the 
surface of the tibial plafond involved in the fracture in AXCT according to the 
Haraguchi classification.

RESULTS 
The correlation rates between the examiners were 0.93 and 0.94 for PMXR and 

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v14.i12.868
mailto:noedemarchineto@gmail.com


De Marchi Neto N et al. CT importance in posterior malleolus fractures

WJO https://www.wjgnet.com 869 December 18, 2023 Volume 14 Issue 12

SAGCT, respectively (P < 0.001). Fragments were 2.12% larger in SAGCT than in PMXR (P = 0.018). In PMXR, there 
were 56 cases < 25% and 25 cases ≥ 25%. When PMXR was < 25%, AXCT corresponded to 10.13% of the tibial 
plafond. When PMXR was ≥ 25%, AXCT was 24.52% (P < 0.001). According to the Haraguchi classification, fracture 
types I and II had similar PMXR measurements that were greater than those of type III. When analyzing AXCT, a 
significant difference was found between the three types, with II > I > III (P < 0.001).

CONCLUSION 
PM fractures show different sizes using X-ray or CT images. CT showed a larger PM in the sagittal plane and 
allowed the visualization of the real dimensions of the tibial plafond surface.

Key Words: Ankle fracture; Posterior malleolar fracture; Computed tomography; X-ray; Posterior malleolus fracture; 
Trimalleolar facture

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study showed fractures of the posterior malleolus (PM) were different sizes on X-ray and computed 
tomography (CT) images. It is possible to see that some PM patterns considered small on radiographs affected a significant 
joint area when CT scans were performed. CT scans also showed that the actual size of the PM fragment was larger than that 
seen on radiographs.

Citation: De Marchi Neto N, Nesello PFT, Bergamasco JM, Costa MT, Christian RW, Severino NR. Importance of computed 
tomography in posterior malleolar fractures: Added information to preoperative X-ray studies. World J Orthop 2023; 14(12): 868-877
URL: https://www.wjgnet.com/2218-5836/full/v14/i12/868.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i12.868

INTRODUCTION
Ankle malleolar fractures are the most common fractures among those involving load-bearing joints[1]. Approximately 
40% of ankle fractures are trimalleolar fractures[2], which affect the posterior edge of the tibia in addition to the lateral 
and medial malleoli, more specifically the portion known as Volkmann’s triangle or posterior malleolus (PM)[3]. 
Fractures involving the PM cause more incongruity, joint instability, and worse results than unimalleolar or bimalleolar 
fractures of the ankle[4-7].

Since the article by Nelson and Jensen[7] in 1940, the internal fixation of the PM has been recommended in ankle 
fractures, considering a size of one-third of the fragment relative to the articular surface of the tibia in lateral X-ray 
images. Other authors have stipulated a value of 25% of the articular surface as the determinant for the fixation of the 
posterior fragment to thereby restore ankle congruity[8-10]. PM fixation is currently controversial[11-14], and variable 
clinical results have been obtained in the treatment of trimalleolar fractures[15]. The classic recommendation to fix PM 
fractures with a radiological size ≥ 25% theoretically improves articular congruence and reduces the risk of post-traumatic 
arthritis[16,17]. On the other hand, some authors report fixing PM fractures of various sizes, including small fragments (< 
25%), under the justification of providing more stability to the ankle joint and better functional results[18,19].

When diagnosing a PM in lateral ankle X-ray images, its visualization is frequently impaired by overlapping bone 
images, plaster immobilizations, or external fixators[20]. Moreover, measuring the size of a posterior fracture can be 
difficult, resulting in the underestimation of the size of the PM, which leads to an inaccurate interpretation, which in turn 
interferes with the treatment[20-22]. Thus, computed tomography (CT) is increasingly recommended in the treatment of 
ankle fractures, especially when the PM is affected[14,23]. CT allows a better interpretation of all joint fragments, partic-
ularly regarding PM morphology and size, and it also aids in preoperative planning[24,25]. Different PM fracture 
patterns are observed in CT studies, depending on the size of the bone fragment, its anatomical location, bone impaction, 
and the fragment’s relationship with other malleoli and the syndesmosis[15,23]. Specific PM classifications have been 
created, with associated recommendations for the best treatment for each type of fracture[2,26-28].

However, there is no clear relationship between the size of the PM in X-ray images and its actual size in CT slices or 
between the articular surface of the affected tibia and the fracture. Thus, the aim of the present study was to analyze PM 
size in X-ray and CT studies and to relate the size of the fragment obtained from X-ray images to the articular area of the 
tibial plafond.

MATERIALS AND METHODS
Over a 5-year period from 2016 to 2021, 370 patients diagnosed with an ankle fracture were treated at our hospital (a level 
1 trauma center). Of these fractures, 144 involved the PM. The study included patients aged 18 years or older with an 
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ankle fracture or fracture-dislocation involving the PM [AO Foundation/Orthopedic Trauma Association (AO/OTA) 
classification 44-A3, 44-B3, and 44-C1/2]. Cases of tibial plafond fractures, cases of ankle fractures associated with other 
hindfoot fractures, and cases with incomplete data in the medical records, such as absence of appropriate X-ray and CT 
images, were excluded. A total of 81 patients met the study’s inclusion criteria. The study was approved by our Institu-
tional Ethics Committee. The fractures were categorized according to the AO/OTA classification, and the Haraguchi CT 
classification was used specifically for the PM[26].

The Enterprise Imaging XERO Viewer software (Agfa HealthCare, Mortsel, Belgium) version 8.1.2 was used to select 
and analyze X-ray images, and the RadiAnt DICOM Viewer software (Medixant, Poznań, Poland) version 2.3 was used to 
analyze CT images. The PM fragments were measured on lateral X-ray images (PMXR) by two independent examiners 
(herein named X and Y), based on the relationship between fracture size and total articular surface (Figure 1). In sagittal 
CT (SAGCT) slices, the image with the largest PM was selected, and the latter was measured by the two examiners (X and 
Y). Similarly, to PMXR, PM size in SAGCT was measured using the proportion between the size of the fracture fragment 
and the total length of the joint (Figure 2). A second CT image was used in the axial plane to determine the size of the 
affected articular area in the tibial plafond. A point 5 mm above the highest point of the tibial articular surface was 
marked on the sagittal plane, and the corresponding axial (AXCT) slice was selected. The total tibial and PM areas were 
measured using the RadiAnt DICOM Viewer 2.3 software, and the fragment size relative to the total tibial plafond area 
on the AXCT was calculated (Figure 3).

Fractures were categorized into two groups based on the PMXR measurement: (1) PM < 25% of the joint; and (2) PM ≥ 
25% of the joint. This cutoff value was used due to the consensus in the literature. Based on these groups, PM size was 
compared between PMXR and SAGCT, and the mean value of the examiners’ measurements was considered. A second 
evaluation was performed to determine the difference in PM size based on a classification of the fractures into smaller 
PMXR intervals, namely < 15%, 15%–19.9%, 20%–24.9%, 25%–29.9%, and ≥ 30% of the articular surface. For AXCT, the 
size of the affected articular surface was measured in both groups (A and B), and the size of the PM and the involvement 
of the articular surface were compared in the respective morphological categories using the classification proposed by 
Haraguchi et al[26].

The statistical analysis was performed using the SPSS Statistics software for Mac (IBM Corporation, Armonk, NY, 
United States), version 23, considering the mean of the values obtained by the examiners in PMXR and SAGCT. Data 
normality was tested for the quantitative variables using the Kolmogorov–Smirnov test. Interobserver reliability was 
assessed using the Kappa method for the qualitative variables and Pearson’s correlation for the quantitative variables. For 
direct comparison between X-ray and CT, the paired-sample t-test or the Wilcoxon, Mann–Whitney, and Kruskal–Wallis 
tests were used, depending on data normality, type of variable, and number of groups. The significance level was P < 
0.05, with a 95% confidence interval.

RESULTS
A total of 81 patients participated in the study, of whom 44 were male (54.3%) and 37 were female (45.6%), with a mean 
age of 39.4 years (± 13.5). One ankle fracture (1.2%) was type A in the AO/OTA classification, 51 (62.9%) were type B, and 
29 (35.8%) were type C. It was observed that the PM presented more than one fracture line in 22 cases (27.2%), which is 
described in the literature as a chondral or intercalary fragment at the center of the fracture, between the metaphysis and 
the posterior tibial cortex[29,30] (Table 1).

The PMXR sizes measured by examiners X and Y were 21.15% and 20.46%, respectively, with a mean of 20.81% and 
Pearson’s correlation index of 0.93 (P < 0.001). With regard to SAGCT, the values obtained were 23.45% and 22.39%, with 
a mean of 22.92% and Pearson’s index of 0.94 (P < 0.001). This interobserver correlation was excellent both for PMXR and 
SAGCT (Table 2). Thus, regardless of the measured image, a good interobserver evaluation was obtained with the 
proposed measurement method. A significant difference was found in mean size between the images, with PM size in 
SAGCT being 2.12% (95% confidence interval: 0.3–3.8) greater than in X-ray images (P = 0.018).

When the sample was divided into two groups according to PMXR size, groups A (< 25%) and B (≥ 25%) had 56 and 25 
patients, or 69.13% and 30.86% of the sample, respectively. When analyzing the AXCT of all fractures, the PM affected a 
mean 14.57% of the tibial plafond, but there was a difference between the groups, with 10.13% and 24.52% of the tibial 
plafond affected in group A (< 25%) and in group B (≥ 25%), respectively, (P < 0.001) (Table 3). The subdivision into the < 
15.0%, 15.0%–19.9%, 20.0%–24.9%, 25.0%–29.9%, and ≥ 30.0% intervals and their respective AXCTs (Table 3) was 
performed to evaluate the gradual increase in the affected articular surface according to PMXR size. There were 
differences among all the evaluated subgroups, namely a gradual surface increase with the increase in PMXR; only the 
20.0%–24.9% interval showed no statistical significance relative to the previous subgroup.

According to the Haraguchi classification, 29 fractures (35.8%) were type I, 33 (40.7%) were type II, and 19 (23.4%) were 
type III. In group A there were 21, 16, and 19 type I, type II, and type III fractures, respectively, whereas in group B there 
were 8 and 17 type I and type II fractures, respectively. The analysis of PM size in the X-ray images showed that type I 
and type II fractures had similar PMXR size (21.6% and 24.8%) and that both were larger than type III (small shell-
shaped) fractures (P < 0.001).

In the overall evaluation of the articular surface, differences were found in AXCT among all Haraguchi CT categories, 
with PM fragments with mean values of 12.24%, 22.80%, and 3.84% of the tibial plafond surface, respectively, resulting in 
II > I > III (P < 0.001) (Table 4 and Figure 4). Differences in the articular surface of the tibial plafond (AXCT) for the 
Haraguchi subtypes were found in both groups, with P < 0.001 in group A and P = 0.002 in group B (Table 5 and 
Figure 5).
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Table 1 Demographic and lesion characteristics, n = 81

Characteristic Subcategory n (%)

Agea 39.48 (± 13.59)

Sex Male 44 (54.32)

Female 37 (45.67)

Diagnosis Fracture 42 (51.85)

Fracture + dislocation 39 (48.14)

AO/OTA 44 A 1 (1.23)

B 51 (62.96)

C 29 (35.80)

Haraguchi 1 29 (35.80)

2 33 (40.74)

3 19 (23.45)

Intermediate fragment Yes 22 (27.16)

No 59 (72.83)

aMean (standard deviation). AO/OTA: AO Foundation/Orthopedic Trauma Association.

Table 2 Interobserver reliability of posterior malleolus size measurements

Examiner X Examiner Y Pearson’s P value
X-ray measurement

Absolute size of the tibia 5.28 (± 0.83) 5.09 (± 0.82) 0.88 < 0.001

Absolute size of the PM 1.43 (± 0.75) 1.32 (± 0.69) 0.92 < 0.001

MP size (PMXR)a 21.15 (± 10.20) 20.46 (± 9.66) 0.93 < 0.001

Mean PM sizea 20.81 (± 9.70) - -

CT measurement

Absolute size of the tibia 3.23 (± 0.65) 3.13 (± 0.62) 0.95 < 0.001

Absolute size of the PM 0.97 (± 0.38) 0.88 (± 0.37) 0.89 < 0.001

PM size (SAGCT) 23.45 (± 9.51) 22.39 (± 9.96) 0.94 < 0.001

Mean PM size 22.92 (± 9.60)

Interobserver agreement

PM < 25% in X-ray images 56 58

PM ≥ 25% in X-ray imagesb 25 23

0.88 < 0.001

PM < 25% in CTb 51 56

PM ≥ 25% in CTb 30 25

0.76 < 0.001

aPercentage.
bCases (absolute frequency). CT: Computed tomography; PM: Posterior malleolus; PMXR: Profile X-ray images of the posterior malleolus; SAGCT: Sagittal 
computed tomography images of the posterior malleolus.

DISCUSSION
Historically, X-ray has been the most widely used imaging technique in the diagnosis of malleolar fractures and 
consequently of PM fractures. The indication for PM fixation is mostly associated with its size relative to the joint, 
although no consensus has emerged to date on the smallest articular fragment size that requires surgery[8,30,31].
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Table 3 Analysis of the articular surface of the ankle affected by the posterior malleolar fracture in axial computed tomography slices

Grouping according to PMXR < 25% and ≥ 25% 
(cases) All cases Group A, < 25% Group B, ≥ 25% P value

14.57% (81) (± 
9.84)

10.13% (56) (± 
6.71)

24.52% (25) (± 
8.40)

< 0.001

Subdivision of PMXR, % < 14.9 15.0-19.9 20.0-24.9 25.0-29.9 ≥ 30.0

Affected articular surface % (cases) 7.65 (26) (± 6.92) 11.03a (18) (± 
5.57)

14.31 (11) (± 6.34) 20.79a (14) (± 
4.19)

27.87a (12) (± 
10.78)

aStatistically significant (P < 0.05) when compared to the previous group. PMXR: Profile X-ray images of the posterior malleolus.

Table 4 Relationship between the size of the posterior malleolus and the affected articular surface according to the Haraguchi 
classification

Classification Haraguchi

I II III P value

Cases (%) 29 (35.8) 33 (40.7) 19 (23.4) N/A

X-ray

PM size % (PMXR) 21.66a (± 9.91) 24.84a (± 9.03) 12.45 (± 4.17) < 0.001

CT

Articular surface of the tibial plafond % 
(AXCT)

12.24 (± 5.47) 22.80 (± 8.28) 3.84 (± 2.78) < 0.001

aThere was a statistically significant difference only when compared to Haraguchi III. There was no significant difference between Haraguchi I and II; there 
was a statistically significant difference when all categories were compared. The P < 0.001 value was found when comparing the three groups and indicates 
a significant statistical difference. AXCT: Axial computed tomography slice of the posterior malleolus; CT: Computed tomography; N/A: Not applicable; 
PM: Posterior malleolus; PMXR: Profile X-ray images of the posterior malleolus.

Table 5 Articular surface of the posterior malleolus in axial computed tomography slices according to the Haraguchi classification

Size of the posterior malleolus, by X-ray
Haraguchi (n)

< 25%, n = 56 ≥ 25%, n = 25

I (29) 10.84% (± 3.74)a 15.29% (± 7.62)b

II (33) 17.99% (± 5.79)a 27.33% (± 7.81)b

III (19) 3.84% (± 2.78)a -

aP < 0.001.
bP = 0.002.

The fact that there are different forms of measuring PM size should be considered. In addition, factors, such as image 
quality, immobilizations, and fixations, can interfere with PM measurement[20]. Several X-ray parameters have been 
studied to interpret ankle fractures, and PM size has good interexaminer reproducibility[21]. There is controversy 
regarding the best way of measuring PM size in lateral X-ray images; moreover, interobserver agreement shows variable 
results[22]. Currently, many authors consider CT essential for an adequate understanding of PM fractures due to the 
limitations of X-ray images and because CT aids in surgical planning by providing information on PM size and 
morphology and on its relationship with other malleoli and with the syndesmosis[20-22,32,33].

In the present study, considering only the X-ray images, the interobserver correlation for PM size was 0.93 (P < 0.001), 
which is excellent and higher than that obtained by Meijer et al[22] in an analysis with a larger number of examiners. This 
result suggests that good quality preoperative X-rays are fundamental for the adequate interpretation of the PM findings. 
A correlation of 0.94 (P < 0.001) was also achieved in the measurement performed in sagittal CT, which showed that an 
accurate measurement of the PM can be achieved using a simple method, regardless of the complementary exam that is 
used.
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Figure 1 Measurement of the size of a posterior malleolus fracture fragment in a profile X-ray image. The proportion between the fracture and the 
total articular surface, i.e. the a/(a + b) ratio, was evaluated.

Figure 2 Measurement of a posterior malleolus fracture fragment in a sagittal tomography slice R. Similarly to what was completed for X-ray 
images, the proportion between the fracture and the total articular surface, i.e. the a/(a + b) ratio, was evaluated.

Most patients (56; 69.1%) had PM < 25% in PMXR. Therefore, if only the PM size was considered, the choice would be 
not to fix that fragment[13,16,34]. Stringfellow et al[35] compared X-ray and CT images and found that CT slices showed a 
larger PM than X-ray images in 92% of the cases. This result is similar to that obtained in the present study, in which the 
mean PM was found to be 2.12% larger (P = 0.018) in CT images. Thus, considering only the 25% cutoff value in PMXR as 
an indication for PM fixation, patients with fractures considered to be borderline, with PMXR values close to 25%, would 
probably fail to have the posterior fragment treated adequately if the diagnosis were based solely on X-ray images. For 
this reason, in recent decades, several authors started recommending the fixation of fragments < 25% because they feared 
that X-ray images could underestimate PM size when compared to CT[10,21].

Another concern is that X-ray images may not be adequate for the visualization of small osteochondral fragments and 
articular surface impaction[23,29,30,36]. The present case series supports this concern, as an osteochondral or 
intermediate fragment was found in 27.1% of CT images. Similarly, Büchler et al[21] reported that 23% of osteochondral 
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Figure 3 Axial computed tomography scan posterior malleolus measure. A: The sagittal plane; B: The corresponding axial slice was selected 5 mm 
above the highest point of the tibial articular surface; C: In the axial image, the tibial articular surface; D: The area corresponding to the posterior malleolus fracture 
was measured; E: Thus, the x/(x + y) ratio was used to obtain the percentage of the tibial plafond surface (axial view) involved in the posterior malleolus.

Figure 4 Comparative size of posterior malleolus on X-rays and axial computed tomography scan according to the Haraguchi 
classification. A: The percent size of the posterior malleolus measured in profile X-ray images according to Haraguchi classification; B: The percent size of the 
posterior malleolus measured in axial tomography images according to the Haraguchi classification. A statistically significant difference was found only when 
compared to Haraguchi 3. No difference was found between Haraguchi 1 and 2 (P < 0.001). PMXR: Posterior malleolus size in profile X-ray images; AXCT: Axial 
computed tomography slice of the posterior malleolus.

fractures were not identified in X-ray images but were present in sagittal CT slices, thus suggesting that X-ray images 
have low sensitivity for diagnosing intermediate PM fragments, which could be a further hindrance for articular 
reduction[21,23,30].

By correlating X-ray images with axial CT slices, it is possible to determine the size of the articular surface affected by 
the PM fragment. In an initial evaluation considering groups < 25% and ≥ 25%, a significant difference in the percentage 
of affected articular surface was found: 10.13% vs 24.52% (P < 0.001). Previous studies have proposed random 
predetermined PM size intervals to evaluate the clinical results, articular congruity, and post-traumatic arthritis[35]. 
Similarly, by determining smaller PM intervals for X-ray images (< 15.0%, 15.0%-19.9%, 20.0%-24.9%, 25.0%-29.9%, and ≥ 
30.0%), it was possible to evaluate the gradual increase in the percentage of affected articular surface in each interval 
relative to the previous interval. It should be noted that fragments in intervals 15.0%-19.9% and 20.0%-24.9% may have a 
similar articular surface. These results indicate that fragments considered small in X-ray images represent a relatively 
larger articular surface.

When the fractures were grouped according to their CT classification, type I and type II fractures had a similar size in 
X-ray images and could only be differentiated from type III (small shell) fractures; however, axial CT showed the 
difference between the articular surfaces of each CT type, as shown by the descriptive study of Haraguchi et al[26]. All the 
different CT types of fractures also showed differences in the size of the axial surface between groups A and B. We 
emphasize that the articular surfaces of the tibial plafond in type II fractures in group A and type I fractures in group B 
were of similar size (Figure 5). This means that although type II fragments in group A were deemed small in X-ray 
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Figure 5 The distribution of the percent area of the tibial plafond of the posterior malleolus fracture according to the various Haraguchi 
classification types. Blue: Group A; Red: Group B; PMXR: Posterior malleolus size in profile X-ray images; AXCT: Axial computed tomography slice of the 
posterior malleolus; PM: Posterior malleolus.

images (< 25%), the articular involvement was similar to that of a large fragment, such as one from group B. This 
information can only be obtained from the CT evaluation. Thus, the exclusive use of X-ray images for preoperative 
planning is associated with the risk of PMs with a larger area than expected being treated inadequately, which can 
interfere with the patient’s postoperative results.

The present study achieved a relevant sample, considering other studies on the same subject[26-28], and the study 
variables showed excellent correlation and interobserver agreement according to Landis and Koch[37], who 
demonstrated the applicability of the measuring method. However, the present study also had some limitations. The 
distribution of PM fractures among the three CT categories was satisfactory. However, there was a significant sample 
loss, and the distribution was based solely on 2D CT images, when some studies also used 3D images to evaluate PM[22,
33]. Finally, the present findings add new information to the topic of articular involvement in PM fractures, which will 
hopefully aid the analysis of the clinical results of patients with PM fractures in future studies.

CONCLUSION
The size of PM fractures varies when evaluated by X-ray and CT. CT studies show a larger PM in the sagittal plane 
compared to PMXR images, and they also allow the identification of the presence of intermediate or chondral fracture 
fragments. Preoperative CT makes it possible to determine the real size of the articular surface of the tibial plafond, which 
can be underestimated if only X-ray is used.

ARTICLE HIGHLIGHTS
Research background
For many decades when a posterior malleolus (PM) fracture was diagnosed, the size of the fragment on radiographs was 
always taken into consideration at the time of treatment. Therefore, fixation of the PM was recommended when greater 
than 25% of the tibial joint surface was involved.

Research motivation
This study aimed to see the real size of the PM fragment in ankle fractures and determine whether an X-ray image would 
be sufficient to show the real size of the fracture. It is also unknown if there is any correlation between PM size on X-rays 
and computed tomography (CT) scans.

Research objectives
To compare the PM size of the X-rays with the sagittal CT scans to see if they are similar and to evaluate the PM size 
compared with the axial CT scan and the articular surface of the tibial plafond involved in the ankle fracture.

Research methods
Two foot and ankle specialists compared measurements of PM size on radiographs with CT scans. The PM size on the 
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sagittal images and the joint surface area of the tibial plafond on the axial images were compared.

Research results
We found that PM fragments were 2.12% larger in sagittal CT than in X-rays. When analyzing axial CT scans, a significant 
difference was found between the three types of Haraguchi fractures.

Research conclusions
PM fractures showed different sizes using X-ray or CT images. CT showed a larger PM in the sagittal plane and allowed 
the visualization of the real dimensions of the tibial plafond surface.

Research perspectives
This study showed that CT is better to understand the size of the PM. Even small PM fractures on X-rays can affect a large 
portion of the articular surface. It would be recommended not to underestimate small PM fractures and always perform 
preoperative CT evaluation.
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Abstract
BACKGROUND 
Lumbar disc herniation and non-specific low back pain are common conditions 
that seriously affect patients’ health-related quality of life (HRQoL). Although 
empirical evidence has demonstrated that novel Thermobalancing therapy and Dr 
Allen’s Device can relieve chronic low back pain, there have been no randomised 
controlled trials for these indications.

AIM 
To evaluate the efficacy of Dr Allen’s Device in lumbar disc herniation (LDH) and 
non-specific low back pain (NSLBP).

METHODS 
A randomised clinical trial was conducted investigating 55 patients with chronic 
low back pain due to LDH (n = 28) or NSLBP (n = 27), out of which 15 were 
randomly assigned to the control group and 40 were assigned to the treatment 
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group. The intervention was treatment with Dr Allen’s Device for 3 mo. Changes in HRQoL were assessed using 
the Numerical Pain Rating Scale and the Japanese Orthopedic Association Back Pain Questionnaire.

RESULTS 
Thermobalancing therapy with Dr Allen’s Device showed a significant reduction in pain in the treatment group (P 
< 0.001), with no recorded adverse effects. Both pain assessment scales showed a significant improvement in 
patients’ perception of pain indicating improvement in HRQoL.

CONCLUSION 
The out-of-hospital use of Thermobalancing therapy with Dr Allen’s Device for Low Back Treatment relieves 
chronic low back pain significantly and without adverse effects, improves the level of activity and HRQoL among 
patients with LDH and NSLBP. This study demonstrates the importance of this safe first-line therapy that can be 
used for effective at-home management of chronic low back pain.

Key Words: Chronic low back pain; Lumbar disc herniation; Non-specific low back pain; Thermobalancing therapy; Dr Allen’s 
Device; Numerical pain rating scale

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This prospective randomised controlled trial assessed the efficacy and safety of novel Thermobalancing therapy 
and wearable Dr Allen’s Device for chronic low back pain. Patients with non-specific low back pain and lumbar disc 
herniation were assessed by the Numerical Pain Rating Scale, and the Japanese Orthopedic Association Back Pain 
Evaluation Questionnaire. Research results showed a significant reduction in pain and the improvement in patients’ health-
related quality of life in the treatment group. No adverse effects were observed. Therefore, Thermobalancing therapy with Dr 
Allen’s Device can be recommended for the at-home management of chronic low back pain.

Citation: Allen S, Rashid A, Adjani A, Akram M, Khan FS, Sherwani R, Khalil MT. Efficacy and safety of thermobalancing therapy 
with Dr Allen’s Device for chronic low back pain: A randomised controlled trial. World J Orthop 2023; 14(12): 878-888
URL: https://www.wjgnet.com/2218-5836/full/v14/i12/878.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i12.878

INTRODUCTION
Non-specific low back pain (NSLBP) is the leading cause of disability worldwide[1]. Of the numerous causes of low back 
pain, lumbar disc herniation (LDH) is a major contributor accounting for around 9% of chronic low back pain (CLBP) in 
the population[2]. The main symptom of LDH and NSLBP is chronic pain in the lower spine area that can impact the 
quality of life and heavily burden individuals, their families, and society[3].

Common treatments for NSLBP and LDH include pain management with acetaminophen, nonsteroidal anti-inflam-
matory drugs (NSAIDs), opioids and anticonvulsants, steroid injections, and spinal surgeries. Oral medications for pain 
control can be effective but they only provide short term symptomatic relief and are not without adverse effects. NSAIDs, 
acetaminophen and anticonvulsants can cause serious side effects and can lead to health problems, such as 
gastrointestinal complications and cardiovascular events[4,5]. Opioid use in people with chronic pain can cause 
constipation, nausea, itching, dizziness and can even result in opioid dependence. Opioid overdose is becoming a major 
public health problem[6,7]. Epidural “around the spinal cord” steroid injections aimed at relieving low back pain can lead 
to irreversible complications and should therefore be used as the last resort[8]. Lower back surgeries may provide pain 
relief more rapidly than conservative therapy but carry more risk and the outcomes at one year are similar using both 
these modalities. Moreover, surgery can still be an option after conservative therapy[9].

The above adverse effects of the available treatment options for low back pain limit their use and highlight the need for 
a conservative, safe and effective mode of treatment.

Over the last decade, Thermobalancing therapy and non-invasive Dr Allen’s Devices were used in patients for effective 
and safe out-of-hospital management of chronic diseases affecting different organs. This novel treatment was patented as 
“Therapeutic device and method”[10].

The use of Thermobalancing therapy with Dr Allen’s Device as a monotherapy in men over 55 years of age with benign 
prostatic hyperplasia (BPH) showed improvement of clinical symptoms, including lower urinary tract symptoms[11,12]. 
Evidence also suggests that Thermobalancing therapy is effective in the treatment of chronic prostatitis/chronic pelvic 
pain syndrome[13] and kidney stone disease (KSD) without renal colic[14].

Although empirical evidence has also demonstrated that this novel treatment option can relieve chronic low back pain 
in cases of lumbar disc herniation and non-specific causes, there have been no randomised control trials for these 
indications.

https://www.wjgnet.com/2218-5836/full/v14/i12/878.htm
https://dx.doi.org/10.5312/wjo.v14.i12.878
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This is the first clinical study that attempts to demonstrate the effectiveness and safety of Dr Allen’s Device for Low 
Back Treatment in patients with chronic low back pain due to LDH or NSLBP, as well as the ability of this therapy to 
improve health-related quality of life (HRQoL).

MATERIALS AND METHODS
Study design and participants
Our study was a prospective, randomised, interventional, parallel group study conducted to demonstrate the efficacy of 
Dr Allen’s Device for low back treatment in the management of chronic low back pain. The trial was registered at the 
Iranian Registry of Clinical Trials. The study was conducted in accordance with the Declaration of Helsinki. It was 
approved by the Ethics Review Committee.

Patients aged 18-60 years having low back pain for at least 12 wk were recruited at a hospital and an outpatient clinic 
for the trial after initial radiological evaluation. For every patient with LDH, one patient with NSLBP was recruited to 
maintain a 1:1 ratio of the conditions. Participants were excluded if they had severe co-morbidities, such as cancer, heart 
failure or infection.

A total of 55 male and female patients with low back pain met the eligibility criteria and were recruited for the study. 
The patients were then randomised into treatment and control groups. This resulted in two groups: A treatment group of 
40 patients with chronic low back pain, consisting of 20 patients with NSLBP and 20 patients with LDH, and a control 
group of 15 patients consisting of 7 patients with NSLBP and 8 patients with LDH. Randomisation was performed using 
simple randomisation procedures and computer-generated random numbers. No blinding was done due to the nature of 
the intervention.

Patient satisfaction was considered an adequate representation of treatment efficacy and was assessed at the beginning 
of the study and after treatment using two well-established self-administered questionnaires: Numerical Pain Rating 
Scale (NPRS)[15] and The Japanese Orthopedic Association Back Pain Evaluation Questionnaire (JOABPEQ)[16]. The 
NPRS scores were obtained at the beginning of the study and after 1 and 3 mo of using Dr Allen’s Device for low back 
treatment, and the JOABPEQ scores were obtained at the beginning and end of therapy.

Randomisation
A total of 55 patients with chronic low back pain were recruited for the clinical trial after receiving a detailed explanation 
of the clinical trial and the possible benefits of thermobalancing therapy, and after giving informed consent. They were 
divided into two groups, those with LDH and those with NSLBP, based on their aetiology identified by radiological 
imaging. The ratio of patients in these groups was 1:1 as an equal number of patients with LDH (n = 28) and NSLBP (n = 
27) were recruited. Although NSLBP is more common on average in the general population, the type of pain in LDH 
tends to be more severe, and such patients present more frequently to the hospital compared to patients with NSLBP.

Each group (LDH, NSLBP) was randomised separately using a 3:1 ratio for ethical reasons as the control group was not 
going to receive the intervention. It was decided that a larger treatment group would allow for a better understanding of 
adverse effects if any. Patients with LDH were randomised into a treatment group of 20 patients and a control group of 8 
patients and patients with NSLBP were randomised into a treatment group of 20 patients and a control group of 7 
patients. The final treatment group consisted of 40 patients and the control group consisted of 15 patients.

Intervention
The intervention was Thermobalancing therapy with Dr Allen’s Device for Low Back Pain Treatment used as a 
monotherapy for a 3-mo period. The patients in the treatment group used Dr Allen’s Device for low back pain treatment 
as a monotherapy for 3 mo. Patients in the control group did not receive any intervention.

Dr Allen’s Device for Low Back Pain Treatment
Dr Allen’s Device is a Class I medical device and registered with the British Medicines and Healthcare Products 
Regulatory Agency (MHRA). Thermobalancing therapy with Dr Allen’s Device can be used as an out-of-hospital 
treatment by patients at home. Dr Allen’s Device applies a thermoelement, made from a special wax-based material, 
topically to the skin or worn over close-fitting underwear over the affected organs. In people with lower back pain, the 
thermoelement is applied to the back over the sore area (Figure 1). This thermoelement accumulates the naturally emitted 
body heat, warms up, directs heat to the region of pain, and maintains the optimal level of heat in the region of pain over 
time. Wearing and using Dr Allen’s Device for Low Back Pain Treatment is comfortable.

Outcomes
The NPRS and the JOABPEQ were used to assess the effectiveness of treatment. The NPRS is an 11-point pain rating scale 
that can be used to estimate the degree of pain experienced by the patient. The scale ranges from 0 (no pain) to 10 (worst 
imaginable pain)[17]. A study about the responsiveness of NPRS has found that a 2-point improvement represents 
meaningful change[18].

The JOABPEQ has 25 questions which evaluate 5 functional domains with scores ranging from 0-100. According to a 
study, a 20 point improvement in the functional domains of JOABPEQ represents meaningful change[19].

In our study, the change in the NPRS score and the functional domains of JOABPEQ assessed before the intervention 
and during the follow up period was considered as the primary endpoint.
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Figure 1 Dr Allen’s Device for Low Back Pain Treatment applied to the affected lower back area.

Sample size estimation
Sample size was calculated using G*Power software. A total of 54 participants (40 participants in treatment group and 14 
participants in control group) were required to conduct a two tailed study with a type I error of 5% and a power of 80%. 
We had 15 patients in the control group.

Statistical analysis
The collected data was organised in Microsoft Excel and statistical analysis of the results was performed using the Data 
Analysis module of Microsoft Excel 2010. Paired sample t-tests were used for the comparison of parametric data. The 
non-parametric data was assessed using the Mann-Whitney U test. A P value < 0.05 was considered statistically 
significant.

RESULTS
A total of 55 patients with chronic low back pain either due to NSLBP (n = 27) or LDH (n = 28) identified by radiological 
assessment participated in the study. After randomisation, the treatment group consisted of 40 patients, 20 with LDH and 
20 with NSLBP, and the control group consisted of 15 patients, 8 with LDH and 7 with NSLBP, as shown in the patient 
allocation flow diagram (Figure 2).

Mean age of the patients was 41.07 ± 8.05 years. The overall male to female ratio was 29:26. Correlation analysis 
between demographic variables and the NPRS and JOABPEQ scores and patient characteristics are detailed in Table 1. 
Pearson’s product-moment correlation was used for continuous variables and point-biserial correlation was used for 
dichotomous variables.

For initial evaluation, patients were presented with the NPRS scale and the JOABPEQ. Instructions about how to 
answer the questions were provided and the clinicians ensured that the patients understood the questions adequately in 
order to obtain the most accurate responses. Details of low back pain intensity experienced by the patients was obtained 
using the NPRS scale as answers to four questions, namely, “How would you rate your pain RIGHT NOW”, “USUAL 
level of pain during the last week”, “BEST level of pain during the last week” and “WORST level of pain during the last 
week”. The patients scored the intensity of their pain from 0 to 10.

The JOABPEQ questionnaire required answers to 25 separate questions which were then evaluated to scores ranging 
from 0 to 100 for five different functional domains.

The NPRS scale was presented to the patients again at the end of one month, and the NPRS scale and the JOABPEQ 
were presented to the patients again at the end of three months of treatment and their responses were compared with the 
initial assessment.

A 2-point improvement in the different parameters of the NPRS scale was considered significant. Out of the 40 patients 
in the treatment group, 82.5%, 77.5%, 75% and 75% showed significant improvement in the “How would you rate your 
pain RIGHT NOW”, “USUAL level of pain during the last week”, “BEST level of pain during the last week” and the 
“WORST level of pain during the last week” scores respectively. A total of 7 patients had unchanged scores and 2 patients 
experienced increased pain intensity.

In the control group, none of the patients showed any significant improvement. Out of the 15 patients in the control 
group, 26.67%, 40%, 40% and 13.3% showed significant increase in the “How would you rate your pain RIGHT NOW”, 
“USUAL level of pain during the last week”, “BEST level of pain during the last week” and “WORST level of pain during 
the last week” scores indicating increase in pain intensity. Scores remained unchanged in 12 patients.

On statistical analysis, the comparison of the mean initial and final pain scores in the treatment group was found to be 
statistically significant across all the parameters of the NPRS scale, while no statistically significant change was observed 
in the control group. The comparison is presented in Figure 3 and in Table 2.
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Figure 2 Patient allocation flow diagram.

The scores of the five domains of JOABPEQ evaluated at the beginning of the study were compared with those 
evaluated at the end of 3 months. In the treatment group, all 40 patients showed an improvement indicated by an increase 
in 20 points in the low back pain domain. A 72.5% improvement was observed in the lumbar function domain and 10% of 
the patients showed worsening. Walking ability was improved in 75% of the patients and worsened in 10% of the 
patients. Social life function was improved in 75% of the patients of the treatment group and worsened in 5%. Mental 
health was improved in 77.5% of patients, with no patients showing worsening.

In the control group, a very small proportion of patients, i.e., 13.3%, 6.7%, 20% and 6.7% of the 15 patients experienced 
an improvement in low back pain, lumbar function, walking ability and social life domains respectively. No 
improvement was observed in the mental health domain. Most patients experienced low scores across all domains.

A comparison of the mean difference between the scores of the five functional domains before and after thermobal-
ancing therapy showed a statistically significant improvement across all domains in the treatment group. No significant 
improvement was observed in the control group, but a statistically significant worsening of lumbar function and mental 
health were seen further emphasising the need for effective treatment. This data is presented in Figure 4 and in Table 3.

The changes in the NPRS and the JOABPEQ scores before and after Thermobalancing therapy with Dr Allen’s Device 
show significant improvement in pain perception in all patients in the treatment group.

Harms
The use of Dr Allen’s Device for low back pain treatment did not cause any adverse events in the participating 
individuals. This observation confirms that thermobalancing therapy and Dr Allen’s Device are safe.
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Table 1 Patient characteristics and correlation analysis

Characteristic Treatment group Correlation coefficient (r) Control group Correlation coefficient (r)

Number of patients (n) 40 15

Age (mean ± SD) 42.2 ± 8.49 -0.1124a; 0.099b 38.06 ± 5.98 0.4919a; 0.045b

Gender (M:F) 18:22 0.2353a; -0.08b 11:4 0.1183a; -0.34b

NSLBP:LDH 1:1 -0.131a; 0.126b 7:8 0.1396a; 0.172b

NPRS – how would you rate your pain right 
now?

6.48 ± 1.63 8.07 ± 1.16

JOABPEQ – low back pain 8.9 ± 14.38 10.40 ± 12.66

aCorrelation analysis with initial NPRS (How would you rate your pain right now?) score.
bCorrelation analysis with initial JOABPEQ (Low back pain) score.
NSLBP: Non-specific low back pain; LDH: Lumbar disc herniation; NPRS: Numerical Pain Rating Scale; JOABPEQ: The Japanese Orthopedic Association 
Back Pain Evaluation Questionnaire.

Figure 3 The comparison of mean Numerical Pain Rating Scale (NPRS) scores in the treatment and control groups at initial evaluation 
and at 1 and 3 mo. A: Treatment group; B: Control group.

DISCUSSION
The aim of this study was to determine the effect of Thermobalancing therapy on CLBP, defined as pain that continues for 
12 wk or longer, and to assess the general improvement in the HRQoL in male and female patients when used as 
monotherapy compared with patients who received no treatment. The objective of this study was not to compare one 
treatment with another but to show the efficacy of the prolonged use of the intervention on the treatment group and, as 
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Table 2 Comparison of Numerical Pain Rating Scale scores before and after Thermobalancing therapy with Dr Allen’s Device

NPRS parameters Initial  
(mean ± SD)

1 mo (mean ± 
SD)

3 mo  
(mean ± SD)

P value  
(0-3 mo)

How would you rate your pain RIGHT NOW 6.48 ± 1.63 4.63 ± 1.00 3.18 ± 1.87

P value < 0.001a < 0.001b

< 0.001

USUAL level of pain during the last week 6.35 ± 1.23 4.18 ± 0.96 3.0 ± 1.43

P value < 0.001a < 0.001b

< 0.001

BEST level of pain during the last week 5.78 ± 1.25 3.78 ± 0.97 2.18 ± 1.62

P value < 0.001a < 0.001b

< 0.001

WORST level of pain during the last week 7.9 ± 1.50 4.93 ± 1.10 3.6 ± 2.01

Treatment group

P value < 0.001a < 0.001b

< 0.001

How would you rate your pain RIGHT NOW 8.07 ± 1.16 8.4 ± 0.63 8.47 ± 0.64

P value > 0.05a > 0.05b

> 0.05

USUAL level of pain during the last week 7.53 ± 0.92 8.13 ± 0.52 8.67 ± 0.49

P value > 0.05a > 0.05b

> 0.05

BEST level of pain during the last week 7.33 ± 0.98 7.87 ± 0.64 8.13 ± 0.74

P value > 0.05a > 0.05b

> 0.05

WORST level of pain during the last week 8.73 ± 1.10 8.67 ± 0.49 9.00 ± 0.38

Control group

P value > 0.05a > 0.05b

> 0.05

aP value comparing NPRS score at 0 and 1 mo.
bP value comparing NPRS score at 1 and 3 mo.
NPRS: Numerical Pain Rating Scale; SD: Standard deviation.

expected, the final data showed a significant improvement in pain in the treatment group and no change in the control 
group indicating that the intervention was efficacious.

A difference in baseline NPRS scores of the treatment and control groups was observed. This can be attributed to the 
difference in the sizes of the treatment (n = 40) and control (n = 15) groups. Since this difference in baseline values 
occurred despite efficient randomisation, we consider the data valid.

The results of our study show that Thermobalancing therapy is safe and reduces the intensity of back pain, 
consequently improving the level of activity among patients with LDH and NSLBP. The results showed that there was 
significant difference in the improvement of daily activities between the treatment and control groups with the treatment 
group showing a striking functional improvement. However, the difference in effectiveness between the NSLBP 
treatment group and the LDH treatment group was not significant, implying that Dr Allen’s Device was equally effective 
in improving the symptoms and functional activity in chronic low back pain due to lumbar disc herniation or other non-
specific causes.

These findings allow to suggest that Dr Allen’s Device can be used as the first-line therapy for chronic low back pain.
Low back pain can occur due to a variety of causes, and, in most instances, the cause is multifactorial. The pain can be 

caused due to a pathology in either the soft tissues, the vertebrae, the joints, intervertebral discs, or neurovascular 
structures. The numerous treatment modalities available for low back pain include conservative treatments like self-care, 
psychological care, physical rehabilitation and symptomatic care, and surgical procedures in refractory cases where the 
pain is not amenable to any conservative option. But most treatment modalities are singular in their effectiveness and, 
therefore, are not effective when more than one cause of the pain concurrently exist[20].

Dr Allen’s Device for low back treatment is a novel, conservative option in the treatment of chronic pain in the lower 
spine. It is easy to use with no identified adverse effects in the short or long term. It is a comfortable, wearable device 
which allows long term patient compliance. As observed in our study, thermobalancing therapy and Dr Allen’s Device 
provide pain relief in chronic low back pain due to intervertebral disc related causes as well as other causes, thereby 
making it a holistic treatment option for this condition.

Low back pain is more common in females than in males and its prevalence increases with age. A study evaluated 
physical and mental health indicators to assess the quality of life in patients with low back pain and found that 
irrespective of sociodemographic conditions, and the presence of other comorbidities or causes of chronic pain, low back 
pain can significantly lower quality of life[21].

The NPRS scale and the JOABPEQ are indicators of pain intensity and quality of life respectively. Both these indicators 
have been found to be reliable, responsive, and valid as indicators of pain and functional abilities. The combined use of 
NPRS scale and JOABPEQ as done in our study have been found to be the most appropriate tools to assess pain as well as 
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Figure 4 The comparison of mean Japanese Orthopedic Association Back Pain Evaluation Questionnaire (JOABPEQ) functional domains 
at initial and final evaluations at 3 mo, and their difference. A: Treatment group; B: Control group.

quality of life in patients with low back pain[22].
The strengths of our study are the combined use of a pain intensity scale and a quality-of-life questionnaire enabling us 

to better understand the benefits of Thermobalancing therapy on individual well-being.
Back pain is associated with physical, psychological, emotional, social changes, and even inappropriate exercise[23,24]. 

However, a survey found no significant association between LBP and psychological stress[25]. Health systems must 
prioritise policies that empower doctors and consumers to make informed choices, encourage clinicians to provide 
appropriate care to those who need it most and provide financial support for evidence-based non-pharmacological 
treatment[26].

Dr Allen’s Device is a valuable medical innovation for the at-home use[27]. Its patented design accumulates the 
naturally emitted body heat and spreads it to the affected organs and areas of the body to which it is applied[28]. This 
out-of-hospital treatment targets the cause of pain at the capillary level. It improves blood circulation locally, that reduces 
inflammation and pressure in the affected tissue and, consequently, relieves chronic pain and other clinical symptoms[29,
30].

Limitations
The limitation of our study is the lack of an alternative treatment mode in the control group to compare the efficacy of 
Thermobalancing therapy with available first line treatment modalities for low back pain. In line with previous clinical 
trials on this treatment modality for other chronic diseases, such as chronic prostatitis, BPH and KSD, blinding was not 
performed due to the impracticality of a placebo group using such a wearable medical device for a long duration.

CONCLUSION
This research confirms that the use of non-invasive Dr Allen’s Device gradually relieves chronic low back pain and 
improves the level of activity in patients with LDH or NSLBP. The study highlights the importance of this novel out-of-
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Table 3 Comparison of the Japanese Orthopedic Association Back Pain Evaluation Questionnaire (JOABPEQ) functional domains 
before and after Thermobalancing therapy with Dr Allen’s Device

JOABPEQ functional 
domains Initial evaluation Final evaluation Difference P value

Low back pain 8.9 ± 14.38 75.05 ± 20.97 66.15 < 0.001

Lumbar function 20.08 ± 18.24 60.25 ± 18.38 40.17 < 0.001

Walking ability 23.38 ± 19.09 55.73 ± 21.07 32.35 < 0.001

Social life function 19.83 ± 14.02 55.50 ± 17.37 35.67 < 0.001

Treatment group

Mental health 31.78 ± 20.85 67.35 ± 13.83 35.57 < 0.001

Low back pain 10.40 ± 12.66 6.67 ± 13.13 -3.73 0.29

Lumbar function 39.40 ± 25.57 17.73 ± 14.69 -21.67 0.01

Walking ability 23.80 ± 30.96 14.20 ± 16.01 -9.6 0.69

Social life function 33.07 ± 24.10 13.87 ± 9.24 -19.2 0.01

Control group

Mental health 31.93 ± 19.76 12.80 ± 6.83 -19.13 < 0.001

JOABPEQ: The Japanese Orthopedic Association Back Pain Evaluation Questionnaire.

hospital treatment option as all participants in the treatment group experienced a significant improvement in their health-
related quality of life as a result of using Dr Allen’s Device at home during a 3-mo period and reported no side effects or 
complications. Overall, the study demonstrates high efficacy and safety of thermobalancing therapy and Dr Allen’s 
Device for low back treatment in male and female patients with chronic low back pain. Thus, this wearable medical 
device can be used as the first-line therapy for chronic pain in the lower spine, and for effective at-home management of 
low back pain due to LDH and other non-specific causes.

ARTICLE HIGHLIGHTS
Research background
Chronic low back pain (CLBP) is a highly prevalent cause of disability worldwide. Of the numerous causes of low back 
pain, lumbar disc herniation (LDH) is a major contributor accounting for around 9% of CLBP in the population. The main 
symptom of LDH is chronic pain in the lower spine area that can impact the quality of life and heavily burden 
individuals, their families, and society. Standard treatments include pain management with acetaminophen, nonsteroidal 
anti-inflammatory drugs (NSAIDs), opioids and anticonvulsants, steroid injections, and spinal surgeries.

Research motivation
Multiple adverse effects of the standard treatment options for low back pain limit their use and highlight the pressing 
need for a new conservative, safe and effective mode of treatment.

Research objectives
This is the first clinical study that attempts to demonstrate the efficacy and safety of Dr Allen’s Device for Low Back Pain 
Treatment in patients with chronic low back pain due to lumbar disc herniation (LDH) or non-specific low back pain 
(NSLBP), as well as the ability of this therapy to improve health-related quality of life.

Research methods
A total of 55 patients with chronic low back pain were recruited and randomised for the clinical trial. Thermobalancing 
therapy with Dr Allen’s Device for Low Back Pain Treatment was used as a monotherapy for a 3-month period. The 
Numerical Pain Rating Scale (NPRS) and the Japanese Orthopedic Association Back Pain Evaluation Questionnaire 
(JOABPEQ) were used to assess the effectiveness of treatment. The effect on chronic low back pain was assessed as the 
primary health outcome.

Research results
The study showed that most patients in the treatment group experienced a significant pain reduction in the low back 
area, an improvement in the lumbar function, walking ability, social life, and mental health, with no patients showing 
worsening of these parameters. It was confirmed that the treatment with Dr Allen’s Device was effective and safe in 
patients with non-specific low back pain and lumbar disc herniation.
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Research conclusions
Thermobalancing therapy with Dr Allen’s Device can be recommended for an effective at-home management of chronic 
low back pain.

Research perspectives
The results suggest that this treatment may also be effective and safe for other types of chronic back pain and further 
research in this direction is needed.
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Abstract
BACKGROUND 
Metallosis is the result of metallic wear debris in the soft tissues and is associated 
to both local and systemic inflammatory response. Metallosis has been reported 
after total hip and total knee arthroplasty (TKA), but rarely after a unicomparti-
mental knee arthroplasty (UKA). In the context of UKA metallosis, surgeons often 
opt for revision using a TKA. However, in this paper, the authors successfully 
treated UKA revising the metal back only.

CASE SUMMARY 
Prior to treat our patient we conducted a literature research through which we 
identified eleven cases of metallosis after UKA, ten (90.9%) were treated revising 
using though a TKA. Only one case was managed through a uni-on-uni revision, 
reporting high knee function. Our patient complained worsening pain and 
function after a snap occurred at 16 mo after UKA implantation. At 18 mo 
following surgical debridment and uni-on-uni revision surgery, our patient 
exhibited a relevant improvement in Oxford Knee Score and a reduction of metal 
ion levels in the blood.

CONCLUSION 
Our study highlights that in case of metallosis after UKA, the treatment may be 
based on surgical debridement and just revising the mobilized components.

Key Words: Metallosis; Unicompartimental knee arthroplasty; Revision; Uni-on-uni 
revision; case report; Review; Case report
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Core Tip: Metallosis is a rare but serious complication of unicompartimental knee arthroplasty. It is generally treated through 
surgical debridment and revision to a total knee arthroplasty. However, in case of absence of critical signs of implant 
malpositioning, soft tissue impairment or bone loss, it could be successfully resolved through surgical debridment and uni-
on-uni revision.

Citation: Toro G, Braile A, Conza G, De Cicco A, Abu Mukh A, Placella G, Salini V. Unicompartimental knee arthroplasty metallosis 
treated with uni-on-uni revision: A case report. World J Orthop 2023; 14(12): 889-896
URL: https://www.wjgnet.com/2218-5836/full/v14/i12/889.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i12.889

INTRODUCTION
Metallosis is a condition in which prosthetic metallic wear produces debris that could be observed in soft tissues, causing 
both local and systemic inflammation, and could be associated to malignant tumors and systemic toxicity[1,2]. Metallosis 
had been associated mainly with total hip arthroplasty (THA)[3]. In fact, it could be observed in 2%-5% of metal-on-metal 
THA implants, yet it was also described in the context of total knee arthroplasty (TKA) and less frequently unicomparti-
mental knee arthroplasty (UKA)[4]. Metallosis treatment contemplates wide surgical debridement and revision surgery. 
Nevertheless, the authors noticed that the revision seems to differ from the damage entity. The rare cases of metallosis 
after an UKA are generally treated through a revision with TKA[5-15]. In this article, we review the literature and 
introduce a case of 77 years old man presenting an UKA metallosis treated with debridement and UKA tibial metalback 
revision.

CASE PRESENTATION
Chief complaints
This article reports the case of a 77 years old patient with a metallosis after a UKA.

History of present illness
13-mo before, the patient perceived a “snap”, that was initially conservatively treated, considering the complete and 
painless range of motion documented during outpatient evaluation.

History of past illness
Sixteen months prior to the metallosis diagnosis, the patient underwent to a medial UKA for unicompartimental knee 
osteoarthritis.

Personal and family history
The patient had no other relevant co-morbidities.

Physical examination
In the three months after the “snap,” the patient started to report a constant worsening of knee pain and a substantial 
reduction of joint function [oxford knee score (OKS) of 27/48].

Laboratory examinations
Baseline blood ion levels were in line with a diagnosis of metallosis (Chrome 1.26 µg/L, Cobalt 3.94 µg/L).

Imaging examinations
The imaging performed at that time confirmed tibial implant loosening (Figure 1) and revision surgery was necessary 
after excluding infection[16-18].

Multidisciplinary expert consultation
Prior to treat the patient, the research team decided to evaluate all the possible procedures. Therefore, a literature 
research was conducted through PubMed by two independent reviewers (Braile A and Conza G) using the following 
terms in their various combinations “Unicompartmental knee arthroplasty,” “metallosis,” “liner dislocation”, “fixed-
bearing”, “mobile-bearing”. Studies compatible with our criteria were included and controversies between the two 
reviewers were analyzed by a third author for the inclusion decision (Salini V).

https://www.wjgnet.com/2218-5836/full/v14/i12/889.htm
https://dx.doi.org/10.5312/wjo.v14.i12.889
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Figure 1 Patient’s preoperative evaluation. A: Clinics; B: Radiographs; C: Liner dislocation is indicated with white arrow.

The literature search was conducted only in PubMed given that 90% of high-quality studies can be retrieved from this 
database, as reported by Rollin et al[19]. Therefore, to summarize the knowledge around a specific topic, PubMed 
research should be considered cost-effective as practitioners are able to easily retrieve most of the literature by using it[19,
20]. All articles on metallosis after UKA in English, Spanish and Italian languages were included and analyzed in the 
present review. Articles with incomplete follow-up were excluded. The references cited in the included articles were also 
reviewed to identify further relevant studies. Data from each retrieved study were collected using a pre-arranged form. 
Out of 45 records identified, 20 presented criteria for further review. Eleven articles were then excluded after abstract 
review because did not meet the inclusion criteria. One further article was included after reviewing references cited in the 
included articles. Therefore, 10 articles, including 11 patients were retrieved and analyzed in the present study (Figure 2).

Patient age averaged 66.4 years (54-76 years), metallosis occurred at a mean time of 42.58 mo from the UKA. Out of 11 
patients, 9 (81.8%) were treated through revision TKA. Two cases necessitated a second revision TKA at a mean of 39 mo. 
The functional outcome improved in all eleven cases (Table 1).

FINAL DIAGNOSIS
Intraoperatively, signs of soft tissue metallosis were evident (Figure 3). Following soft-tissue debridement and specimen 
collection, a component stability test confirmed isolated loosening of the tibial implant. Surgical specimen and baseline 
blood ion levels confirmed metallosis (Chrome 1.26 µg/L, Cobalt 3.94 µg/L).

TREATMENT
The mobilized tibial component was revised using a larger Genus UNI Alderortho implant (Cormano, Italy).

OUTCOME AND FOLLOW-UP
We assessed the patient functional status through OKS and blood ion levels as previously recommended[21,22]. The 
patient presented a normal postoperative course. Complete range of motion, OKS score improvement (40/48), and good 
knee alignment were reported at 18 mo (Figure 4), while normalization of Ion blood levels (Chrome 0.95 µg/L, Cobalt 
1.06 µg/L) were documented at 30 d after the uni-on-uni revision (Table 2).

DISCUSSION
Although UKA is an effective bone-preserving surgical option for unicompartmental symptomatic knee osteoarthritis in 
young and middle-aged patients[23], several complications may arise after its implantation. Due to the increasing number 
of arthroplasties performed yearly, optimizing the complication management is necessary.

In our case, we attributed metallosis and implant failure due to the progressive subclinical spinout of the polyethylene 
liner in an undersized tibial component which led to a posterior overload on the tibial implant. The surgeons performed 
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Table 1 Litterature review

Article info Studied population Outcomes

N. Ref. Year Journal Type Population 
(n.) Sex Age 

(yr)
Implant 
type

Months 
elapsed 
between 
implantation 
and bearing 
dislocation

Metal 
ions 
(Cr/Cb)

Type of 
precedure

Function 
pre-op

Knee 
ROM 
pre-
op

Metal 
ions 
(Cr/Cb) 
last 
follow-
up

Function 
last 
follow-
up

Knee 
ROM 
last 
follow-
up

General 
complications Infection Fracture

Implant 
loosening 
(yes 
/months)

1 Sanchis-
Alfonso et al[5]

2007 KSSTA Case 
report

1 M 54 Fixed 
bearing 

NA Revision 
with TKA 

NA 

2 Apostolopoulos 
et al[6]

2014 J Long Term 
Eff Med 
Implants

Case 
report

1 M 67 Mobile 
bearing

54 NA NA None No No Yes /54

3 Vecchini et al
[10]

2019 Acta Biomed Case 
report

1 M 71 NA NA Revision 
with TKA 

10-
110

NA 0-130 None No No

4 Greco et al[11] 2018 The knee Case 
report

1 M 72 Fixed 
bearing 

NA Revision 
with TKA 

NA None No No

5 Rajgopal et al
[13]

2018 Arthroplast 
today

Case 
report

1 M 58 NA 24 NA Revision 
with TKA 

KSS 48 
OKS 19 
UCLA 3

0-100 NA KSS 82 
OKS 40 
UCLA 7

None No No Yes /24

6 Vajapey et al[8] 2021 Arthroplasty Case 
series

2 F 76 NA 60 NA Revision 
with TKA 

30-
120

NA None No No

7 Kiran et al[14] 2021 JBJS Case 
connector

Case 
report

1 M 61 Fixed 
bearing

60 NA Revision 
with TKA

NA NA OKS 39 None None None

8 Foran et al[9] 2013 Clin Orthop 
Relat Res

Case 
series

1 NA NA NA 56 NA Revision 
with TKA 

NA 

9 Luyet et al[12] 2015 Acta Ortop. 
Belg.

Case 
report

1 F 67 NA 1,5 NA Revision 
with UKA 

ksk 59 
KSF 60

0-90 NA Ksk 87 
KSF 90

0-110 No No

10 Pescador et al
[15]

2016 Reumatol 
Clin. 

Case 
report

1 F 72 NA NA Revision 
with TKA 

NA 

TOT. 11 6 M 
/4 
F

Mean: 
66, 4

3 Fixed 
/1 
Mobile

Mean: 42, 58 9 TKA /1 
UKA

NA: Not available; TKA: Total knee arthroplasty; UKA: Unicompartmental knee artrhoplasthy; KSS: Knee society score; UCLA: UCLA activity scale; OKS: Oxford knee score; KSF: Knee society function score.
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Table 2 Illustrating oxford knee score and blood ion levels before and after revision surgery

Pre-revision Last follow-up

OKS 27 40

Chrome (µg/L) 126 106

Cobalt (µg/L) 334 95

OKS: Oxford knee score.

Figure 2 Summary of article inclusion process.

UKA revision with a new UKA larger tibial implant against general recommendations because no tibial slope or coronal 
malalignment were present[24-27].

Very few cases of UKA revision with a new UKA implant were described in the available literature. Luyet et al[12] in a 
case of anterior dislocation of the polyethylene liner at 6 wk, presenting as a painful and swollen knee[13] furtherly 
complicated by metallosis decided to treat it through a uni-on-uni revision. Following the surgery, the patient presented 
good clinical and radiological outcomes in a 2 year follow-up[12]. Good clinical outcomes were reported after a Uni-on-
uni revision also in an another a recent review about metallosis after knee replacement[4]. Epinette et al[27] in a 
retrospective study of 36 UKA-to-UKA revision surgery described this treatment as a reliable option, with lower 
morbidity and better functional outcomes compared with UKA-to-TKA revision. The authors suggested to reserve in 
patients with limited bone defects and no extension of the lesions[27].

Our review is limited by several factors including low patient number, the absence of a statistical analysis related to the 
nature of the review, and lack of literature on UKA metallosis. However, to the best of our knowledge, this is the first 
study reporting bloodstream ion changes while confirming clinical improvement following uni-on-uni revision in case of 
UKA metallosis. However, we believe that further analysis is necessary to confirm successful uni-on-uni revisions in case 
of metallosis.

CONCLUSION
In conclusion, we suggest that aseptic UKA metallosis without critical signs of malpositioning, soft tissue impairment or 
bone loss could be treated with surgical debridement and unicompartimental knee revision arthroplasty. This kind of 
approach could lead to a significant improvement of functional outcomes, and blood ion levels.
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Figure 3 Intraoperative photographs documenting peri-prosthetic soft tissue metallosis. A: Note the luxated bearing; B: Note the metal back debris.

Figure 4 Postoperative history. A and B: Postoperative X-rays; C-E: Clinical evaluation documenting range of motion at final follow-up; F and G: Radiographies 
documenting implant alignment at final follow-up.
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