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ARTICLE INFO ABSTRACT

Handling Editor: Professor H Madry Objective: Prevalence of hip osteoarthritis (OA) is rarely reported in young populations (e.g., military). We will

report the prevalence of hip OA in a young military cohort and investigate the relationship between injury and

Keywords: progression/incidence.

Hip . Design: ADVANCE is a prospective cohort study comparing physical and psychosocial outcomes in 1145 men who

g;;eﬂjzt:}l?s served in Afghanistan including 579 men with combat injury (Exposed) who were frequency-matched to 566

Limb loss e controls (Unexposed). The Exposed group was sub-divided into hip injured (Exp-H), lower limb amputation (Exp-
A) and other (Exp-NA). Kellgren-Lawrence (KL) scores of pelvic radiographs and Non-Arthritic Hip Score (NAHS)
questionnaires were collected across two waves (Baseline and Follow-up). Prevalence at Baseline (KL > 2),
progression (KL > 1 at Baseline, KL > 2 at Follow-up) and incidence (KLO at Baseline, KL > 2 at Follow-up) at
Follow-up were reported and compared between groups for KL and NAHS.
Results: Baseline prevalence of radiographic hip OA was 8.5 % and 4.4 % in the Exposed and Unexposed groups,
respectively. Exp-A and Exp-H groups had 3.88 (95%CI:2.27-6.63) and 7.18 (95%CI:3.44-14.98 times increased
risk for radiographic hip OA than Unexposed. Exp-A and Exp-H had a 2.15 (95%CI:1.22-3.80) and 3.28 (95%
CI:1.42-7.59) times increased radiographic progression risk, compared to Unexposed. Risk of NAHS Progression
and Incidence were not significantly different between groups.
Conclusion: Radiographic hip OA prevalence is higher in a young military population than in a similarly aged
general population. Combat injury alone may not increase hip OA prevalence; but hip and lower limb loss in-
juries do. Progression risk is highest in those with hip or limb loss injuries.

1. Introduction populations are at least middle-aged, but some studies report
age-disaggregated data from younger adults, finding a prevalence of

Globally, the prevalence of radiographic hip osteoarthritis (OA) has 0.4-1.4 % in men <45-years old [3,4]. As well as age [5], other factors
been reported between 1.0 % and 45.0 %, and between 1.9 % and 23.0 % can increase risk of hip OA such as non-white ethnicity [5], obesity [6],
in Europe [1,2]. The range of these estimates are wide due to definition female sex [5,7], genetics [8], hip morphology such as cam, pincer or
of radiographic hip OA, age, and geographic variance. Often these dysplasia [9], high bone density [10], any prior musculoskeletal injury
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and prior hip injury in particular [11,12], and high impact occupation
[13,14].

Military personnel, and other active workers such as firefighters, are
thought to be at a higher risk of hip OA because their occupation ne-
cessitates heavy, repetitive load bearing at high intensities [13-16].
Incidence rate ratios for military personnel are 1.26-2.01 times higher
than for the general population aged 20-39 [16]. A study of hip OA in
men in the US military reported incidence of 32 per 100,000
person-years [17], in comparison to incidence of 88 per 100,000
person-years in men in the general population [18]. However, the
general population was skewed a lot younger. Where age categories
overlapped, men aged 20-39 in the military had an incidence of 10-52
per 100,000 person-years and men aged 20-39 in the general population
had an incidence of 0-8 per 100,000 person-years.

Military service increases the likelihood of musculoskeletal injury
that can result in post-traumatic OA (PTOA) [19]. PTOA is less common
in the hip than in the knee or ankle, accounting for 1.6 % of total hip OA
in the general population [20]. Regardless, significant musculoskeletal
injury of any joint is associated with a fivefold increased odds for hip OA
[11]. Despite this, little is known about the risks for PTOA in the hip,
with acetabular fractures, hip dislocations and femoral fractures thought
to contribute [21]. The ADVANCE study found a twofold increased odds
for radiographic knee OA in those who sustained any combat trauma a
median of 8-years prior, increasing to a fourfold increased odds in those
who sustained lower limb loss or knee-specific injury [22]. Increased
knowledge of the contribution of combat injury or joint trauma to hip
PTOA could improve primary and secondary prevention efforts [23,24].

Lower limb loss was a signature combat injury in the Afghanistan
war [25] and remains relevant to current conflicts [26]. Existing
research on hip OA in people with lower limb loss is dated, limited, and
conflicting. Physician diagnosed hip OA prevalence in a cohort of uni-
lateral transfemoral amputees was 11 %, compared to 13.6 % in a
significantly younger control group [27]. Other studies report preva-
lence of symptomatic hip OA in 14 % and radiographic hip OA in 23 % of
the intact-side limb of people with unilateral limb loss a mean of
29-years post-amputation in an older population of World War II vet-
erans [28,29]. A scoping review found total hip arthroplasty (likely due
to OA) in people with lower limb loss occurred more frequently on the
intact-side limb [30]. Better understanding of the relationship between
limb loss and hip OA in people with limb loss is required, particularly the
relationship between symptomatic and radiographic hip OA.

Few studies report the longitudinal progression of hip OA. The
Johnston County Osteoarthritis Project found increasing prevalence for
radiographic hip OA as the cohort aged from 28 % at Baseline (mean
age: 61.2 + 10.6-years) to 53 % 27-years later (mean age: 73.5 + 7.4-
years), but symptomatic hip OA remained stable at 30 %-36 % [31].
Analysis of the Osteoarthritis Initiative (61.1 + 9.2-years), Cohort Hip
and Cohort Knee studies (56-+5-years) found new radiographic hip OA at
4-year follow-up in 1.4-13.0 % of hips, and progression of existing
radiographic hip OA in 0.0-6.2 % of hips [32].

To address the lack of radiographic hip OA prevalence data in a
young military population, the unknown consequences of trauma, and
the patterns of progression in such populations, this analysis will (i)
report prevalence of radiographic hip OA in a UK military and veteran
cohort, (ii) compare relative risk for radiographic hip OA and hip
symptoms across categories of combat injury severity, and (iii) compare
risk of incidence and progression of radiographic hip OA and hip
symptoms in a 3-year period between combat injury groups.

2. Methods
2.1. Ethics
Approval was granted by the Ministry of DefenceResearch Ethics

Committee (357.PPE/12). Written, informed consent was provided by
all participants.
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2.2. Study design and participants

ADVANCE is a longitudinal cohort study investigating the long-term
physical and psychosocial outcomes of combat trauma in 1145 UK
military personnel who served in Afghanistan. Detailed information on
recruitment, matching, power analysis, etc. can be found in the study
protocol [33]. Approximately half of the cohort (Exposed; n = 579)
sustained combat injuries requiring aeromedical evacuation to the UK,
and the other half who did not (Unexposed; n = 566) were
frequency-matched at selection for sex, age, service (e.g., Army, Navy),
rank (seniority level), role (type of job), and deployment (date active in
Afghanistan) to the Exposed group. These matching criteria were chosen
due to their potential influence on combat injury. Female military
personnel were excluded as too few sustained combat injuries requiring
aeromedical evacuation to satisfy statistical requirements [34].

The Exposed group was further sub-divided into the following
groups:

e Exposed - Hip Injured (Exp-H)
e Exposed — Lower Limb Amputation (Exp-A)
e Exposed — No Lower Limb Amputation (Exp-NA)

Participants who sustained an injury affecting the hip were separated
into their own group as they are known to have a higher risk of hip OA
[11,12]. Participants with a hip injury and lower limb loss were included
in the Exp-H group to ensure that the Exp-A group represented the effect
of lower limb loss alone. Participants in the Exp-NA group had neither a
hip injury nor lower limb loss injury. Contemporary medical records
were searched for participants who sustained femoral or pelvic combat
injuries (ICD-10 codes S32 and S72). Records were manually searched,
and participants who sustained a fracture to the acetabulum, pubic rami,
ischium, pubis, femoral head or femoral neck were included in Exp-H.
Where further detail was necessary, contemporaneous surgical notes,
electronic health records, x-rays and CT scans were manually reviewed.

2.3. Data collection

Comprehensive data collection included demographics, medical
history, radiographs, and patient-reported outcome measures, as re-
ported in detail in the protocol paper [33]. This analysis will consider
Baseline (2015-2020) and Follow-up (2019-2024) data collected at the
Defence Medical Rehabilitation Centre, UK at Headley Court
(2015-2018) and Standford Hall (2018 onwards).

Hip injury prior to index injury/deployment that could lead to an
increased risk of hip OA (e.g., acetabular fracture) was determined from
self-reported medical histories and electronic health records.

For participants with lower limb loss, height was measured directly
wearing prosthetics or pre-limb-loss values were recorded. Weight was
measured without prostheses and adjusted depending on the level and
limb/s missing [35].

2.4. Outcome measures

2.4.1. Radiographic assessment

Anterior-posterior supine pelvic radiographs were taken with hips
internally rotated 15°. Each hip joint was blinded for exposure status
and scored by an expert reader (RA; intra-rater kappa 0.84, inter-rater
kappa: 0.77 on a random sample of 50 representative radiographs)
using the Kellgren-Lawrence (KL; O [none] to 4 [severe]) and Osteoar-
thritis Research Society International atlas scoring (0 [none] to 3 [se-
vere]) for osteophytes, sclerosis and joint space narrowing [36]. Hips
with Total Hip Arthroplasty (THA) due to OA were included and treated
as > KL4.

At a person-level, the higher KL score across right and left hip was
included. For THA, this was considered their worse hip. At hip-level, left
and right hips were analysed separately. Radiographic hip OA was
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defined as KL > 2. Incident radiographic OA was defined as hips with
KLO at Baseline and KL > 2 or THA at Follow-up. Progressive radio-
graphic OA was defined as hips with KL > 1 at Baseline and KL > 2 or
THA at Follow-up.

2.4.2. Non-arthritic Hip Score

The Non-arthritic Hip Score (NAHS) is a valid, internally consistent,
and reproducible score designed to assess hip health in a young, active
population [37]. Pain, Symptoms, Physical Function, and Participation
in Activity sections are scored on a Likert scale (4 [none] to
0 [extreme]). For each hip, a total score is calculated by multiplying the
sum of all the questions by 1.25, resulting in a score from 0 (worst) to
100 (best).

The Minimum Clinically Important Difference and Patient Accept-
able Symptom State (PASS) for the NAHS has previously been deter-
mined as 8.7 and 81.9, respectively, following arthroscopic treatment of
femoroacetabular impingement [38]. Hips with THA were excluded
from NAHS analysis. At a person-level for Baseline prevalence, lowest
NAHS across left and right hips was used. At a hip-level, left and right
NAHSs were included separately. Incident hip symptoms were defined
as hips with NAHS >81.9 at Baseline and NAHS <81.9 at Follow-up.
Progressive hip symptoms were defined as hips with <81.9 at Baseline
and a decrease of >8.7 at Follow-up.

2.4.3. Clinically relevant hip OA

Participants were considered to have clinically relevant hip OA if
they indicated hip pain on a body pain chart and had an Osteoarthritis
Research Society International femoral or acetabular osteophyte score
>2 [36], according to American College of Rheumatology diagnosis
guidelines [39]. Erythrocyte sedimentation rate was not available.

2.5. Statistical analysis

At Baseline, one Unexposed and one Exposed participant were
excluded because they declined pelvic radiography or because x-ray
equipment was out of service. One Unexposed participant was excluded
due to non-combat transtibial limb loss following matching. One
Exposed participant was excluded due to bilateral femoral head excision
following combat trauma.

At Baseline, radiographic assessment was unachievable for one hip of
an Exp-H participant due to right hip disarticulation acquired at time of
combat injury. This participant was included in person-level analysis,
but only the contralateral hip was scored. Ninety-one (8.0 %) partici-
pants included at Baseline did not attend Follow-up. At Follow-up,
pelvic radiographs were unavailable for 11 participants due to equip-
ment failure (n = 7), staff unavailability (n = 3) or participant refusal (n
= 1). These participants were excluded to allow for complete case
analysis. Multiple imputation was not used due to the small number of
missing results.

Continuous variables were visually assessed for normality using
histograms and Q-Q plots and reported as mean (standard deviation; SD)
and median (interquartile range; IQR), as appropriate. Categorical var-
iables were compared using Chi-squared analysis. Pre-planned subgroup
comparisons were performed between Unexposed and all Exposed sub-
groups (Unexposed vs. Exp-NA, Unexposed vs. Exp-A, Unexposed vs.
Exp-H) [40].

To assess the association between exposure and Baseline prevalence
of hip OA (KL > 2), a modified Poisson model with robust standard
errors was used, adjusting for age and socioeconomic status (using
military rank as a proxy for National Statistics socioeconomic classifi-
cation) [41,42]. Relative Risk and 95 % Confidence Intervals (CI) are
reported. A Poisson model was applied due to the use of Progression and
Incidence ‘count’ data across two timepoints.

At Follow-up, to assess the association between injury (Unexposed
vs. Exposed, and Unexposed vs. Exp-NA/Exp-A/Exp-H groups) and
Progression and Incidence of radiographic hip OA, a mixed-effects
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Poisson regression model to account for the correlation between hips
was used. Models were adjusted for age, socioeconomic status and time
interval between Baseline and Follow-up. Risk Ratios (RRs) and 95 % CI
are reported. For Progression, group numbers were too small in Exp-H,
so Exp-H and Exp-A groups were combined.

Two sensitivity analyses were carried out. Firstly, a comparison of KL
score between participants with and without a valid NAHS score at
Baseline was conducted. Secondly, sensitivity analysis tested for po-
tential bias resulting from inclusion of an individual's left and right hip.
Regression models were run for all hips, then separately for left and right
hips, and results compared.

Data were processed in Stata SE 18.5 (StataCorpLLC; TX, USA) and
an alpha of <0.05 was used to define significance.

3. Results

Baseline data were available for 1141 participants (n = 564 Un-
exposed [49.4 %], n = 577 Exposed [50.6 %]). Unexposed participants
were a median of 7.6-years post-matched deployment and Exposed
participants were a median of 8.3-years post-index injury. Participants
were a mean age of 34.1-years (SD: 5.4-years), a mean height of 179.2
cm (SD: 6.7 cm), and mass of 89.0 kg (SD: 13.3 kg). The Exposed group
was split into Exp-NA (n = 407; 70.5 %), Exp-A (n = 142; 24.6 %),
and Exp-H (n = 28; 4.9 %). The Exp-A group contained 71 (50.0 %)
participants with unilateral lower limb loss and 71 (50.0 %) with
bilateral lower limb loss. The Exp-H group contained 15 (53.6 %)
participants with lower limb loss, of which 5 had bilateral lower limb
loss. The Exp-H participant with left-sided THA sustained a left-sided
acetabular fracture in combat. Demographic information is described
in Table 1.

No participants sustained a hip injury prior to their index injury/
deployment that may increase the risk of hip OA in the future.

3.1. Baseline radiographic hip OA - prevalence

Person-level KL scores for each participant are reported in Table 2.
Overall prevalence of hip OA (KL > 2) was 6.5 % (n = 74; 95%CIL:
5.1-8.1 %). Prevalence was significantly higher in the Exposed
compared to the Unexposed group (n = 49; 8.5 % 95%CI: 6.3-11.1 % vs.
n = 25; 4.4 % 95%CI: 2.9-6.5 %). The Exposed group had 2.05 (95%CI:
1.31-3.22) times increased risk for KL > 2 compared to the Unexposed
group (Table 3).

Prevalence of hip OA was 5.2 % (95%CI: 3.2-7.8 %), 14.1 % (95%CIL:
8.8-20.9 %) and 28.6 % (95%CI: 13.2-48.7 %) in the Exp-NA, Exp-A and
Exp-H groups respectively. Pre-determined comparisons showed that
prevalence for Exp-A and Exp-H were significantly higher than the Un-
exposed (both p < 0.001). Prevalence was not significantly different for
Unexposed compared to the Exp-NA group (p = 0.56).

After adjustment for confounders, the Exp-A and Exp-H groups had a
3.88 (95%CI: 2.27-6.63) and 7.18 (95%CI: 3.44-14.98) times increased
risk for hip OA (KL > 2) compared to the Unexposed group (Table 3).

3.2. Baseline hip symptoms - prevalence

Valid person-level NAHS scores were available for 1091 (95.6 %)
participants. KL scores of participants without a valid NAHS score were
significantly higher than those with a valid NAHS score. Overall hip
symptom prevalence was 10.4 % (95%CI: 8.7-12.4 %). Significantly
more participants in the Exposed group (n = 76, 14.0 % 95%CL:
11.2-17.3 %) had a NAHS score below the PASS of 81.9 than the Un-
exposed group (n = 38, 6.9 % 95%CIL: 4.9-9.3 %).

In the subgroup analyses, the number of participants with a NAHS
below the PASS was significantly higher in the Exp-H (n = 7, 30.4 %
95%CIL: 13.2-52.9 %) and Exp-NA groups (n = 54, 13.9 % 95%CI:
10.6-17.7 %) compared to Unexposed group. There was no significant
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Table 1
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Participant demographics for Unexposed, Exposed — No Lower Limb Amputation (Exp-NA), Exposed — Lower Limb Amputation (Exp-A), and Exposed — Hip Injured

(Exp-H) at Baseline.

Whole cohort Unexposed All Exposed Exp-NA Exp-A Exp-H
(n=1141) (n = 564) (n=577) (n = 407) (n=142) (n = 28)
Age (years) 34.1 (5.4 34.3 (5.4 34.0 (5.3) 34.5 (5.6) 32.8 (4.6) 33.8(4.8)
Time between injury and 8.0 (6.7-9.5) 7.6 (6.6-9.1) 8.3 (6.9-9.7) 8.6 (7.1-10.0) 7.4 (6.6-8.7) 8.5 (7-9.5)
assessment (years; median [IQR])
Cause of injury
Blast 401 (69.5) 241 (592) 136 (95.7) 24 (85.7)
Gunshot - - 131 (22.7) 121 (29.7) 6 (4.2) 4(14.3)
Other 3(0.5) 3(0.7) 0 (0.0) 0 (0.0)
Unknown 42(7.3) 42 (10.3) 0 (0.0) 0 (0.0)
Height (cm) 179.2 (6.7) 178.8 (6.4) 179.5 (7.0) 179.0 (6.7) 181.0 (7.4) 179.3 (7.8)
Mass” (kg) 89.0 (13.3) 87.8 (12.3) 90.1 (14.2) 89.5 (14.0) 91.7 (14.8) 91.5(13.1)
BMI” (kg/m?) 27.8 (3.6) 27.4 (3.9 28.1 (3.8) 27.9 (3.7) 28.5 (4.1) 28.6 (3.3)
Race (white) 1033 (90.5) 511 (90.6) 522 (90.5) 368 (90.4) 130 (91.6) 24 (85.7)
NISS (median [IQR]) - - 12 (5-22) 9 (4-17) 22 (14-34) 27 (17-29)
NS-SEC
Officer rank 138 (12.1) 79 (14.0) 59 (10.2) 45 (11.1) 13 (9.2) 1(3.6)
Senior-rank 252 (22.1) 147 (26.1) 105 (18.2) 83 (20.4) 17 (12.0) 5(17.9)
Junior rank 751 (65.8) 338 (59.9) 413 (71.6) 279 (68.6) 112 (78.9) 22 (78.6)
Still serving in military (yes) 623 (54.6) 465 (82.5) 158 (27.4) 137 (33.7) 15 (10.6) 6 (21.4)

BMI - body mass index; NISS — new injury severity score; NS-SEC — national statistics socioeconomic classification.
Age, height, mass, and BMI are reported as mean (SD). Time between injury and assessment and NISS are reported as median [interquartile range]. The remaining
variables are reported as count (percentage).

# Mass and BMI are both adjusted for limb loss as described in Methods.

Table 2

Maximum Kellgren Lawrence (KL; 0-4) and minimum Non-Arthritic Hip Score (NAHS; 0-100) scores for each participant in Unexposed, Exposed — No Lower Limb
Amputation (Exp-NA), Exposed — Lower Limb Amputation (Exp-A), and Exposed — Hip Injured (Exp-H) groups at Baseline.

Kellgren-Lawrence

Unexposed Exposed Exp-NA Exp-A Exp-H
KL
0 460 (81.6) 443 (76.8) 335 (82.3) 92 (65.8) 15 (53.6)
1 79 (14.0) 86 (14.9) 51 (12.5) 30 (21.1) 5(17.9)
2 21 (3.7) 39 (6.8) 19 (4.7) 16 (11.3) 4 (14.3)
3 3(0.5) 7(1.2) 1(0.3) 4(2.8) 2(7.1)
4 1(0.2) 2(0.4) 1(0.3) 0 (0.0) 1(3.6)
THA 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 1(3.6)
Non-arthritic hip score

Unexposed Exposed Exp-NA Exp-A Exp-H
NAHS; median (IQR) 100 (99-100) 100 (94-100) 100 (95-100) 100 (93-100) 88 (71-100)

difference between Exp-A (n = 15, 11.7 % 95%CI: 6.7-18.6 %) and
Unexposed group.

3.3. Baseline clinically relevant hip OA - prevalence

At Baseline, clinically relevant hip OA was present in 1.1 % (95%CI:
0.4-2.3 %) of Unexposed, 1.5 % (95%CIL: 0.5-3.2 %) of Exp-NA, 1.4 %
(95%CI: 0.2-5.0 %) of Exp-A and 14.3 % (95%CI: 4.0-32.7 %) of Exp-H

participants.

Table 3

3.4. Follow-up radiographic hip OA - incidence and progression

Hip radiographs were available at Baseline and Follow-up for 1039
participants (2078 hips, Table 4). The total number of hips with KL > 2
or THA increased from 87 (4.2 %, 95%CI: 3.4-5.1 %) at Baseline to 144
(6.9 %, 95%CI: 5.9-8.1 %) at Follow-up (Fig. 1 & Table 4). Two Exp-H
group participants had THA on their right hip since Baseline. One
participant sustained a right-sided acetabular and femoral head fracture
in combat and was KL4 at Baseline. The other sustained a right-sided

Relative risk ratios (RRs) for Kellgren-Lawrence (KL) score of >2 in the Unexposed and Exposed groups, and Unexposed and Exposed sub-groups: Exposed — No Lower
Limb Amputation (Exp-NA), Exposed — Lower Limb Amputation (Exp-A), and Exposed — Hip Injured (Exp-H) at Baseline at the hip-level. Model 1 and 2 are adjusted for

age and socioeconomic status.

Predictor Variable Unadjusted Adjusted Model 1 Adjusted Model 2

RR (95 % CI) RR (95 % CI) p value RR (95 % CI) p value
Injury status
Unexposed (n = 564) 1 (ref) 1 (ref) 0.002 - -
Exposed (n = 577) 1.91 (1.20-3.06) 2.05 (1.31-3.22)
Injury status
Unexposed (n = 564) 1 (ref) - - 1 (ref) <0.001

Exp-NA (n = 407)
Exp-A (n = 142)
Exp-H (n = 28)

1.16 (0.66-2.05)
3.18 (1.82-5.56)
6.45 (3.20-12.98)

1.21 (0.69-2.11)
3.88 (2.27-6.63)
7.18 (3.44-14.98)
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Table 4

Kellgren-Lawrence scores (KL) and Non-arthritic Hip Score (NAHS) for participants with hip-level data at Baseline and Follow-up in the Unexposed and Exposed groups, and Exposed sub-groups: Exposed — No Lower Limb

Amputation (Exp-NA), Exposed — Lower Limb Amputation (Exp-A), and Exposed — Hip Injured (Exp-H).

Kellgren-Lawrence

Exp-H (n = 48 hips)

Exp-A (n = 250 hips)

Exp-NA (n = 740 hips)

Exposed (n = 1038 hips)

Unexposed (n = 1040 hips)

Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up

Baseline

31 (61.6)
8(16.7)
5(10.4)
0(0.0)
1(2.1)
3(6.6)

34 (70.8)
8(16.7)
3(6.3)
1(2.1)
1(2.1)
1(2.1)

174 (69.6)
36 (14.4)
32 (12.8)
8(3.2)

0 (0.0)

0 (0.0)

180 (72.0)
46 (18.4)
19 (7.6)
5(2.0)
0(0.0)
0(0.0)

591 (79.9)
109 (14.7)
33 (4.5)

6 (0.8)
1(0.1)

0 (0.0)

634 (85.7)
82 (11.1)
21 (2.8)
2(0.3)
1(0.1)

0 (0.0)

796 (76.7)
153 (14.7)
70 (6.7)
14 (1.49)
2(0.2)
3(0.3)

850 (81.7) 848 (81.7)

891 (85.7)
116 (11.2)
26 (2.5)

6 (0.6)
1(0.1)

0 (0.0)

136 (13.1)
43 (4.1)
8(0.8)
2(0.2)
1(0.1)

135 (13.0)
46 (4.2)
8(0.8)
1(0.1)

0 (0.0)

THA

Non-arthritic hip score (NAHS)

=41 hips)

Exp-H (n

=212 hips)

Exp-A (n

=666 hips)

Exp-NA (n:

=919 hips)

Exposed (n

1002 hips)

Unexposed (n

Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up

Baseline

100 (100-100) 100 (98-100) 100 (98-100) 100 (99-100) 100 (99-100) 100 (95-100) 100 (93-100) 100 (80-100) 98 (88-100)

100 (100-100)

NAHS
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acetabular fracture and bilateral rami fractures in combat and was KL3
at Baseline.

Of the 1739 hips with KLO at Baseline, 103 (5.9 %, 95%CI: 4.9-7.1
%) had incident hip OA at Follow-up. The risk of incident radiographic
hip OA was increased but not significantly different for Exposed
compared to Unexposed (RR 1.50; 95%CI: 0.94-2.40) groups (Table 5).
Similarly, there was no significantly increased risk of incident radio-
graphic hip OA in the Exposed sub-groups compared to the Unexposed
group, p = 0.32 (Table 5).

Of the 338 hips with KL > 1 at Baseline, 61 (18.1 %, 95%CI:
14.1-22.6 %) progressed at Follow-up. The risk of progression of
radiographic hip OA was 1.68 (95%CI: 1.03-2.74) times higher for the
Exposed compared to Unexposed group (Table 5). In Exposed sub-group
analysis, the combined Exp-A and Exp-H group had a 2.33 (95%CI:
1.37-3.96) times increased risk for radiographic hip OA progression
between Baseline and Follow-up, compared to the Unexposed group
(Table 5).

Sensitivity analysis showed that including left and right hips did not
influence radiographic incidence results. However, there was an
increased risk for radiographic progression on the right hip and a
decreased (not significant) risk for radiographic progression on the left
hip, so results combining both hips should be interpreted cautiously. To
our knowledge, there is no traumatic, biological or mechanical reason
why left and right hips should progress differently. At Baseline, KL
scores are similar between sides, hip injuries occurred evenly across
sides, as did lower limb loss.

3.5. Follow-up NAHS - incidence and progression

Valid NAHS scores were available at Baseline and Follow-up for 1919
(92.4 %) hips (n = 985) (Table 4). The total number of hips with NAHS
<81.9 increased slightly from 138 (7.2 %, 95%CI: 6.1-8.4 %) at Baseline
to 153 (8.1 %, 95%CIL: 8.0-9.3 %) at Follow-up.

Of the 1781 hips with NAHS >81.9 at Baseline, 86 (4.8 %, 95%CI:
3.9-5.9 %) had incident hip symptoms at Follow-up. The risk of incident
hip symptoms was not significantly different for Unexposed and Exposed
groups (Table 6). Similarly, there was no significantly increased risk of
incident hip symptoms in the Exposed sub-groups compared to the
Unexposed group (Table 6).

Of the 138 hips with NAHS <81.9 at Baseline, 17 (12.3 %, 95%CI:
7.3-19.0 %) progressed by < 8.7 at Follow-up. The risk of progressive
hip symptoms was not significantly different for Unexposed and Exposed
groups (Table 6). Similarly, there was no significantly increased risk of
progressive hip symptoms in the Exposed sub-groups compared to the
Unexposed group (Table 6).

4. Discussion

This analysis has described an overall prevalence of 6.5 % for
radiographic hip OA and 10.4 % for hip symptoms in young UK military
personnel and veterans who served in the Afghanistan war at a median
of 7.6-years from index injury or deployment. Even when excluding
Exposed participants, the prevalence of 4.4 % for radiographic hip OA in
the Unexposed group is far higher than the prevalence in the general
population of comparable age (1.4 %) using the same criteria [3]. Risk of
radiographic hip OA was higher for those Exposed to combat trauma,
particularly in those who sustained lower limb loss and hip injuries.
Across a 3-year period, there was an approximate 5 % rate of radio-
graphic and hip symptoms incidence in the cohort, compared to
1.4-13.0 % incident radiographic hip OA across a 4-year period in older
adults in the general population [32]. With regards to progression, those
with lower limb loss or a hip injury were at a twofold increased risk.

Overall prevalence of radiographic hip OA was higher in the
ADVANCE cohort compared to that reported in the limited literature on
younger adults [3,4]. Prevalence was higher than the general population
in the Unexposed group alone (4.4 % vs. 0.4-1.4 % [3,4]) but was
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Fig. 1. Hip-level Kellgren Lawrence (KL; 0-4) scores and THA for participants with radiographs at Baseline and Follow-up in Unexposed (n = 1040 hips), Exposed —
No Lower Limb Amputation (Exp-NA; n = 740 hips), Exposed — Lower Limb Amputation (Exp-A; n = 250 hips), and Exposed — Hip Injured (Exp-H; n = 48

hips) groups.

significantly higher in the Exposed group who had 2-times higher risk of
radiographic hip OA. Military service is known to increase risk of hip OA
[13,14,17], but the effect of combat injury has not previously been
assessed. In the Exposed sub-group analysis, participants who sustained
non-amputation and non-hip combat injuries (Exp-NA) were not found

Table 5

to have an increased risk of radiographic hip OA compared to the Un-
exposed group, nor increased risk of incidence or progression in 3-years.
In contrast to knee OA in the same cohort [22], these results demon-
strate increased radiographic hip OA prevalence due to military service,
but not necessarily from all types of combat injury. Hip and knee OA are

Incidence rate ratios (IRRs) for Incidence and Progression of radiographic hip OA between Baseline and Follow-up in the Unexposed and Exposed groups, and Un-
exposed and Exposed sub-groups: Exposed — No Lower Limb Amputation (Exp-NA), Exposed — Lower Limb Amputation (Exp-A), and Exposed — Hip Injured (Exp-H) at
the hip-level. Model 1 and 2 are adjusted for age, socioeconomic status and interval between Baseline and Follow-up.

Radiographic hip OA - incidence

Predictor Variable Unadjusted Adjusted Model 1 Adjusted Model 2

IRR (95 % CI) IRR (95 % CI) p value IRR (95 % CI) p value
Injury status
Unexposed (n = 891) 1 (ref) 1 (ref) 0.087 - -
Exposed (n = 848) 1.51 (0.95-2.40) 1.50 (0.94-2.40)
Injury status
Unexposed (n = 891) 1 (ref) - - 1 (ref) 0.318
Exp-NA (n = 634) 1.56 (0.95-2.57) 1.53 (0.93-2.52)
Exp-A (n = 180) 1.24 (0.59-2.59) 1.30 (0.62-2.73)
Exp-H (n = 34) 2.10 (0.58-7.58) 2.14 (0.61-7.46)
Radiographic hip OA - progression
Predictor variable Unadjusted Adjusted model 1 Adjusted model 2

IRR (95 % CI) IRR (95 % CI) p value IRR (95 % CI) p value
Injury status
Unexposed (n = 149) 1 (ref) 1 (ref) 0.039 - -
Exposed (n = 189) 1.50 (0.89-2.55) 1.68 (1.03-2.74)
Injury status
Unexposed (n = 149) 1 (ref) - - 1 (ref) 0.007
Exp-NA (n = 106) 1.21 (0.64-2.28) 1.28 (0.68-2.42)

Exp-A (n = 70) and Exp-H (n = 13) 1.88 (1.04-3.39)

2.33 (1.37-3.96)
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Table 6
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Incidence rate ratios (IRRs) for Incidence and Progression of hip symptoms between Baseline and Follow-up in the Unexposed and Exposed groups, and Unexposed and
Exposed sub-groups: Exposed — No Lower Limb Amputation (Exp-NA), Exposed — Lower Limb Amputation (Exp-A), and Exposed — Hip Injured (Exp-H) at the hip-level.
Model 1 and 2 and adjusted for age, socioeconomic status and interval between Baseline and Follow-up.

Hip symptoms - incidence

Predictor Variable Unadjusted Adjusted Model 1 Adjusted Model 2

IRR (95 % CI) IRR (95 % CI) p value IRR (95 % CI) p value
Injury status
Unexposed (n = 954) 1 (ref) 1 (ref) 0.424 - -
Exposed (n = 827) 1.40 (0.80-2.46) 1.25 (0.72-2.15)
Injury status
Unexposed (n = 954) 1 (ref) - - 1 (ref) 0.365
Exp-NA (n = 606) 1.22 (0.65-2.28) 1.07 (0.59-1.97)
Exp-A (n = 191) 2.13 (0.95-4.81) 1.97 (0.90-4.35)
Exp-H (n = 30) 0.87 (0.10-7.78) 0.65 (0.07-6.30)
Hip symptoms - progression
Predictor variable Unadjusted Adjusted model 1 Adjusted model 2

IRR (95 % CI) IRR (95 % CI) p value IRR (95 % CI) p value
Injury status
Unexposed (n = 48) 1 (ref) 1 (ref) 0.507 - -
Exposed (n = 90) 1.30 (0.43-3.95) 1.43 (0.50-4.08)
Injury status
Unexposed (n = 48) 1 (ref) - - 1 (ref) 0.549

Exp-NA (n = 60)
Exp-A (n = 21) and Exp-H (n = 9)

1.14 (0.35-3.73)
1.60 (0.42-6.04)

1.20 (0.36-4.03)
1.97 (0.57-6.79)

known to be different across prevalence, pathophysiology, biome-
chanics, pain profiles, and clinical presentation [43], but less is known
about differences or similarities for the sequalae of combat trauma or
PTOA.

Prevalence of radiographic hip OA has not been reported in people
with lower limb loss sustained in recent conflicts, nor in the early years
following amputation. This study found an increased prevalence (14.1
%) and 3.9-times increased risk of radiographic hip OA in those with
combat-related lower limb loss (Exp-A) compared to the Unexposed
group. Furthermore, this group (combined with the Exp-H group) were
at an increased risk of radiographic hip OA progression over 3-years. In
the general population, hip OA and hip OA progression are not thought
to be longitudinally affected by biomechanical overloading, as it is in
knee OA [43]. Rather, lower hip joint moments and joint contact forces
have been reported in hip OA [44,45]. However, increased hip joint
contact forces compared to controls have been described in military and
civilian socket prosthesis users [46,47]. Over time, increased joint
contact forces could lead to the increased prevalence and progression of
radiographic OA seen in this study. This may incur a different progres-
sion pattern of hip OA compared to the general population. In a study on
knee OA, we proposed a model of OA progression that was steeper in
knees of those with lower limb loss due to ongoing biomechanical in-
fluence [48]. This study provides evidence of a similar pattern for hip
OA. We recommend clinical vigilance for early signs of hip OA in people
with lower limb loss, comprehensive rehabilitation, early education on
hip health, and early intervention where possible.

The effect of hip injury on hip OA has already been established [12],
though not in relation to combat injury. This study found 7.2-times
increased risk of radiographic hip OA at Baseline and a greater risk of
progression in those who sustained lower limb loss and/or a hip injury
compared to the Unexposed group. This is higher than the corresponding
odds for knee OA in the same cohort with a knee injury (4.1-times
increased odds of radiographic knee OA and 2.2-times increased odds of
progression) [22,48]. In our study, 12.5 % of those with a hip injury
developed radiographic PTOA, with previous literature suggesting that
trauma may be the origin of hip OA for between 1.4 % and 21 % of
civilian and military populations, respectively [19,20]. However, the CI
in our study were wide due to low numbers and may be further influ-
enced by >50 % of the Exp-H group also having lower limb loss, and low
progression frequency requiring combining with the Exp-A group, which

we have established increases risk of radiographic hip OA. A narrative
review suggested that hip PTOA was related to the severity of the trauma
[21], though we did not observe such a pattern in our small Exp-H
group. Three participants in the Exp-H group had THA due to OA.
Medical records noted the influence of shrapnel on the need for THA in
two of these men, indicating the need for safe removal of as much
shrapnel as possible for combat hip injuries in primary and early
follow-up surgeries.

Overall Baseline prevalence of hip symptoms was higher than
radiographic hip OA (10.4 % vs. 6.5 %). This could be an underesti-
mation because the sensitivity analysis of KL scores in those with/
without valid NAHS showed that KL scores were higher in those missing
a NAHS. In the general population at similar ages hip OA symptom
prevalence is reported between 1.3 % and 6.1 % between 25 and 54-
years old [5,49], though different criteria/questionnaires were used.
In contradiction to radiographic findings, the Exp-NA group had
significantly more hip symptoms than the Unexposed group. Given the
NAHS is designed to be sensitive to non-degenerative hip conditions that
may affect younger, more active individuals, these could be more
prevalent in this cohort. Conversely, despite increased prevalence and
risk of radiographic hip OA, the Exp-A group did not have significantly
different prevalence of hip symptoms from the Unexposed group. As has
been previously documented in the ADVANCE cohort, we hypothesise
that better mental health in the Exp-A group due to positive public
perception and praise of their injuries [50], could lead to more opti-
mistic self-reported questionnaire responses.

Whist there was both progression and incidence of hip symptoms
between Baseline and Follow-up, it was not significantly different
between groups. So, despite increased progression of radiographic hip
OA in the Exp-A and Exp-H groups, this was not reflected in hip
symptoms. Previous literature has shown that symptoms of hip OA are
quite stable over time, despite radiographic hip OA increasing over
time with age [31].

4.1. Limitations

This study presents results from a two-wave analysis from an ongoing
longitudinal study, so no clear patterns can be discerned. Robust sta-
tistical analysis with two-wave data did not allow for missing data, and
therefore there is a small risk of survivor bias. Future longitudinal
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analysis using panel data will allow for missing values. This study uses
the NAHS questionnaire to describe hip symptoms using previously
defined PASS and Minimum Clinically Important Difference values,
which is different to other studies and is not singularly reporting OA.
Despite its importance, this study does not address finer detail associated
with people with limb loss. Whilst a strength and important addition to
the literature, the novelty of the ADVANCE dataset may mean it has
limited comparability to other PTOA cohorts due to the mechanism of
injury and exclusion of female personnel. Finally, all Exposed partici-
pants in the ADVANCE study sustained complex polytrauma. They have
been categorised in this study according to hip and lower limb loss in-
juries, but all Exposed sub-groups are likely to have sustained comorbid
injuries that cannot be quantified here.

5. Conclusion

Radiographic hip OA is much higher in a young, military cohort
than equivalent general population estimates. General trauma does
not seem to increase the risk of hip OA, but lower limb loss and hip-
related injuries do. Existing radiographic hip OA shows significantly
more progression in a 3-year period in those with lower limb loss and/
or hip injuries, but no difference for incidence. Further research
should focus on secondary and tertiary preventative interventions
for hip PTOA, especially in a military cohort and those with lower limb
loss.
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