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Abstract 
Lumbar Disc Herniation (LDH) may be triggered by many factors 

acting on the posterior kinetic chain as foot posture, foot and ankles 
malalignment and abnormal proprioception. Achilles Tendon (AT) 
rupture can impact heel position, ankle biomechanics, proprioceptive 
regulation and promote postural instability. This single case study 
aims to highlight the long-term effects of AT rupture, and its 
unefficient rehabilitation, on trunk asymmetry that could lead to 
lumbar degenerative diseases. This study describes a 50 year old 
woman with long-term postural instabilty from past AT rupture, 
who undergone to surgery for LDH and physioteraphy. The tailored 
exercise program included three sessions/week of both physical 
activity on dry land and active/passive aquatic physiotherapy. Average 
number of daily steps performed along the patient’s diagnostic and 
therapeutic pathway has been used to compare the activity rate over 
time. The Functional Movement Screen, the Owestry Low Back Pain 
Disability and the Lower Extremity Functional scales have been used 
as main outcome measures. This work aims to propose an integrated 
approach to patients with LDH built (a) following the principles of 
individuality, causality and totality and (b) combining activities on dry 
land and hydrotherapy within the same physical session, to improve 
the efficacy of rehabilitation programmes for spine injuries. 

Keywords: lumbar disc herniation; achilles tendon rupture; low 
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Introduction 

Lumbar disc herniation (LDH) is a localized displacement 
of intervertebral disc tissue beyond the physiological margins 
of the intervertebral disc space. LDH affects about 1–3% of 
people, in particular those aged between  30 and 50 years [1]. 
LDH symptoms include Low Back Pain (LBP), muscle spasm or 
cramping, leg pain and weakness, sciatica, impairment of leg 
function and abnormal gait [1]. Back pain episodes in the past 
are the strongest predictors for back pain in the future and 

LBP could also be a sign of LDH process, even though some 
studies found that disc herniation was actually common in 
asymptomatic people as well [2]. Of all patients who experience 
episodes of back pain, fewer than 2% will undergo surgery for 
suspected disc herniation and the correlation between disc 
degeneration severity and LBP incidence is not linear [2]. LBP 
may be triggered by a great variety of factors. Changes in 
lifestyle and in the way of working, such as the intensive use 
of computer and other tehnologies at work and at home, have 
increased sedentariness– a risk factor for chronic and acute low 
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prevent forward falling of the bodily CoM. Additionally, muscle 
sensory organs, the spindles and the Golgi tendon organs, play 
a key role in the proprioceptive regulation of movement [15]. 
The gastrocnemius muscle is active in walking, jumping, and 
running, and therefore it is predominantly composed of type II 
fiber, more involved with exercise of higher intensity and force 
production [16,17] while  the soleus muscle has a stabilization 
effect on the foot for standing [16,17]. Permanent impairment 
in plantar  flexors performance [18,19] contributes to reduce 
plantar flexors force production and endurance within  the gait 
cicle [19,20] as well as to impact the ability to perform tasks 
requiring rapid force production in end67 range plantar flexion 
[18,19]. Tendon elongation is a futher long-term structural 
complication of the AT rupture [21] and it may be an important 
clinical prognosticator of ankle biomechanics, whereas 
individuals who experienced AT rupture walk with a 15% 
deficit in ankle power production, and an 18% deficit during 
the higher-demand task of hopping [22]. As the incidence 
of acute AT ruptures is increasing [13], this single case study 
aims to highlight the long-term effects on trunk asymmetry 
and compensatory changes onset that could lead to lumbar 
degenerative diseases. It also aims to show how the lack of 
an early functional rehabilitation protocol for AT rupture can 
impact the efficiency of future physioteraphy interventions. 
Furthermore, this work aims to highlight the added value of 
performing cohmprensive and multidisciplinary evalutaion of 
the body in its entirety, as the central step in building tailored 
rehabilitation programs (Figure 1).

Discussion 
Case presentation

The patient is a 50 year-old woman who firstly presented for a 
neurosurgical visit in Febraury 2021, with a previous orthopedic 
report of bilateral acute sacroiliitis. The patient presented 
with an evident left lateral pelvic tilt, lumbar pain, discomfort 
in the buttock area and a quite complete inabilty to stand and 

back pain due to muscle weakness. Other several factors related 
to lifestyle - e.g. obesity, smoking, hypertension- are known risk 
factor for LBP [3]. Psychological and psychosocial factors are 
further determinats [4]. Furthermore, it has been reported that 
patients with severe chronic LBP show signs of disuse-related 
skeletal muscle atrophy and a higher rate of conversion of 
slow twitch oxidative (type I) fibers towards more vulnerable 
fast twitch glycolytic fibers (type IIB), compared to healthy 
people [5]. This may lead to lowered fatigue resistance of the 
paraspinal muscles which results in higher vulnerability of the 
lumber spine. LBP is also associated with signs of generalized 
musculoskeletal hyperalgesia from central sensitization which 
results from changes in the properties of neurons in the central 
nervous system, rather than from the presence, intensity, or 
duration of noxious peripheral stimuli as it happens in acute 
nociceptive pain [6,7]. People with chronic musculoskeletal pain 
conditions, such as knee osteoarthritis and subacromial pain 
syndrome show similar symptoms [6,7]. Altered central pain 
processing has also been detected in people 48 with Achilles 
tendinopathy [8,9]. Abnormal foot posture and function have 
been highlighted as directly associated to the development 
of LBP [10,11]. The Framingham Foot Study indicates that 
pronated foot function is significantly associated with  LBP in 
women after adjusting for age, weight, smoking and depressive 
symptoms [11]. This association may be at least partly explained 
by the kinematic interaction of the lower extremity joints during 
walking (calcaneus, talus, tibia, femur and sacroiliac joint) and 
their influence on the pelvic alignment [12]. Malalignment of 
the foot and ankles, which determines an unilateral change 
of the body scheme, may result in compensatory changes of 
posture for keeping the Center Of Mass (CoM) within the 
Center Of Pressure (CoP) [10]. Compensatory changes may 
also result from a unilateral Achilles tendon rupture. There is 
evidence that a past Achilles Tendon (AT) rupture persistently 
alters lower extremity movement patterns beyond the ankle, 
likely as compensation for reduced plantar flexor performance 
[13,14]. Soleus and gastrocnemius act as active agonists and 

Figure 1: Overview of the proposed integrated approach to patients with lumbar disc herniation. This 
case study describes a 50 year old woman with long-term postural instabilty from past Achilles tendon 
rupture who undergone to surgical intervention for L5-S1 disc herniation and subsequent physioteraphy 
intervention.
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walk. Lumbar pain and difficulty walking arose four days after 
her last mild physical activity session. During the previous 
ten days, she had already been treated with 16 mg/day of 
Methylprednisolone and 20 mg/day of natural opium alkaloids. 
The MR report of Febraury 2021 showed a coarse median 
hernial formation between L5 ans S1 that broke through the 
annulus fibrosus, migrating in a distal subligamentous position. 
The expelled material was partly linked to the herniated disk 
(Figure 2).

Previous MR reports (years 2010 and 2015) showed a general 
impaired condition of the back with signs of  discs degeneration 
and osteophyte formations at the cervical, thoracic and lumbar 
levels. Signs of sub ligamentous herniation of the L5-S1 disk had 
already been detected in 2010 and annular fissure has been 
highlighted in April 2015 (Figure 3).

Case history

LBP symptoms were not unusual or unexpected for this 

patient. She has experienced past events of thoracic and 
lumbar pain due to intensive use of computer, excessive weight 
lifting and pregnancies. In addition, she reported being an 
“average” cigarette smoker, doing sedentary work but also 
being quite diligent about her eating habits (Body Mass Index 
swaying between 21.6 and 23.6 in the last ten years). She 
has lived an active life during her free time and she has done 
“off and on” different sport activities during the last ten years 
(pilates, swimming, at-home and at the gym fitness workout). 
Moreover, 33 years earlier when she has been an elite high-
jumper athlete, she has underwent an open left Achilles tendon 
repair with longitudinal posteromedial incision, using the 
Krackow technique. The acute AT total rupture has occured 
during the straight line running phase in preparation for a high-
jump attempt. After surgery, she has  wore a cast for 12 weeks: 
Femoral-podalic cast for 4 weeks followed by a short leg cast for 
4 weeks (crutches for the first 8 weeks) and fiberglass cast for 
the latter 4 weeks. Then she has underwent a mild traditional 
rehabilitation program. As a consequence of the AT rupture 
event, her body CoP slightly skewed to the left  and forward, 
the left heel has been forced to varus position, the normal 
spine curvatures has been reduced  and the sacrum has been 
verticalized. These changes in spino-pelvic parameters resulted 
in a general postural instability in standing and walking. Before 
February 2021, the Achilles tendon Total Rupture Score (ATRS) 
[23] was 39%. 

Initial neurosurgical Examination Findings: during the 
examination, the patient showed a positive straight leg raising 
test (Lasegue sign) at 60° on the left, while the Wassermann’s 
test was bilaterally negative. Manual testing revealed weakness 
and mass reduction of the left gastrocnemius muscle and 
increased AT thickness. Reduced plantar flexors performance 
has been also detected on the left side. The Lower Extremity 
Functional [24] and the Oswestry Low Back Pain Disability 2.1a 
[25] scales scored 15% and 66% respectively.

Interventions and outcome 

Surgical Intervention and Management: On the 30th of April 
2021, the patient undergone to left L5-S1 microdiscectomy, 
interlaminar osteophytosectomy and foraminotomy. The 
surgeon reported a significant amount of epidural pathological 
tissue around the left root that, once examined, has been 
classified as a sign of chronic inflammation without atypical 
elements. The day after the surgical intervention she walked 
wearing a semi-rigid back brace. Prescription for the 30 days 
after the surgery included bed resting and incremental walking 
activity from 30 to 90 minutes per day. 

Physiotherapy intervention: One month after the surgical 
intervention, the patient underwent a physiotherapy assessment 
for planning a tailored exercise program, aimed to manage pain 
and to increase mobility, balance and coordination. At the visit, 
the patient presented with weakness and burning in her left 
hip and buttock area, weakness and tiredness in the left leg. 
She also reported pain and limitation in rolling over, getting up 
from the floor, walking and sitting for more than 10 minutes. 
Functional Movement Screen (FMS) score was null [26]. 

The tailored 8-weeks exercise program included three 
sessions per week: In each session 90 minutes was dedicated 
to physical activities on dry land and 40 minutes was dedicated 
to active and passive aquatic physiotherapy, practiced in a 
hydrotherapy pool with warm water. Dry land activity included 
open and closed kinetic chain movements mainly focused on: 

Figure 4: Average number of daily steps from January to August 
2021.

Figure 2: Magnetic resonance images of L5-S1 herniation (Febraury 
2021). 

Figure 3: Magnetic resonance images of L5-S1 herniation (April 
2015).
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(a) aerobic training for increasing the V̇o2 max lowered by the 
bed resting, (b) strengthening the muscles that support the 
spine and (c) stretching hamstrings. Furthermore, the program 
included diaphragmatic breathing exercises to improve the core 
muscle stability. Active hydrotherapy focused on increasing 
the range of joint movement, strengthening the legs and arms 
muscles and increasing lumbar curvature. Passive hydrotherapy 
mainly aimed to stretch and relax the spine muscles. Physical 
activity rate was quantified using the average number of daily 
steps, collected trough a wearable accelerometer the patient 
already wore before the disc herniation event (Figure 4) for 
24 hours/day, except for showering and when performing 
water-based activities (i.e., hydroterapy).

Figure 4 describes the distribution of the average number 
of daily steps performed during each phase of the patient’s 
diagnostic and therapeutic pathway. T0: 2 weeks before the first 
symptoms; T1: from the pain onset to the sudden worsening 
(1 week); T2: from the worsening to the neurosurgical visit (2 
weeks); T3: from the visit to the surgery (4 weeks); T4: post-
surgery (4 weeks); T5: physiotherapy intervention (first 4 
weeks); T6: physiotherapy intervention (second 4 weeks); T7: 4 
weeks after the end of the physiotherapy intervention.

At the fourth week of the program, the patient reported 
improved capacity in rolling over, getting up from the floor 
and walking for at least 30 minutes. At the end of the training 
program the patient gained a good postural recovery. The 
average numer of daily steps amounted to 77% of the number 
reported before the disc herniation event (8 662 vs 11 216 
steps), not considering the number of steps performed during 
the physiotherapy sessions (Figure 4). The Lower Extremity 
Functional Scale [24] and the Oswestry Low Back Pain Disability 
2.1a [25] scored 65% and 16% respectively. Furthermore, she 
got a score of three within the FMS protocol in performing the 
hurdle step, testing the shoulder mobility, the core stabilization 
(trunk stability) and the rotary stability. Some compensatory 
patterns were still put in place during the deep squat, the inline 
lunge and the active straight-leg raise movements in particular 
on the left side (FMS score equal to two, bilaterally). These 
compensatory patterns were perceived by the patient as more 
correlated to the chronic AT limitations than to the recent back 
surgery experience. The mild increase of the Achilles tendon 
Total Rupture Score [23] from 39% to 46% confirmed the 
patient’s perception.

Insights of the study 

Recent studies stated that patients with lumbar degenerative 
disease were characterized by an anteriorsagittal imbalance, a 
loss of lumbar lordosis, and an increase of pelvis tilt [27,28]. 
Moreover, LBP has long been connected to postural and 
structural asymmetries [29]. Pelvic asymmetry is associated 
with altered mechanics in the lumbar spine and it has been 
identified as a good indicator for functional deficit in LBP subjects 
[30], even though pain seems to be more strictly related to the 
loss of distribution of load rather than to the loss of stability 
in the vertebral column [31]. Trunk asymmetry may affect side 
location of disc herniation and may cause persistent pain after 
surgery [32]. Despite all medical efforts, evidences reported 
that individuals with a history of AT rupture have decreased 
ankle joint proprioception, decreased plantar flexor muscle 
volume, increased AT length and altered AT stiffness [33-35]. In 
particular, compared to healthy people, individuals with history 
of AT rupture show in the affected limb a reduced ankle range 
of motion during the push-off phase of stance, a reduced knee 

flexion during the initial contact and an increased knee range 
of motion during the subsequent phase of weight loading [36]. 
Furthermore, plantar flexors group is primarily responsible for a 
braking action with respect to the CoM fall in late stance phase 
and asymmetric motion of the CoM [37]. In addition, clinical 
evidences show that longer immobilization times during the AT 
rupture postoperative phase could increase long-term deficits 
and foot and ankle compensatory mechanisms onset [38].

In our opinion, the lumbar disc herniation (L5-S1) affected 
our patient is strictly related to the long-term postural instability 
led by the AT rupture she has experienced 33 years before and, 
in particular, by the long  time of cast immobilization (12 weeks) 
and the lack of an early rehabilitation program. Our hypothesis 
finds an indirect confirmation both in the patient’s perceptions 
during the recent physiotherapy intervention, the magnitude of 
the most recent ATRS score and the FMS scores totalized during 
the deep squat (rounding or arching of the thoracic spine, 
and asymmetrical weight shifting), the inline lunge (impaired 
trunk stability and 195 balance) and the active straight-leg raise 
(limited hamstring and calf flexibility, pelvic and hip mobility) 
movements. The patient’s treatment pathway (L5-S1 surgery 
followed by the 8-weeks physiotherapy intervention) showed 
a good outcome in terms of pain control and mobility increase, 
but the existing compensatory patterns for balancing the pelvic 
asymmetry, associated to the postural instability, need of being 
further corrected. A further tailored training program should 
be identified to make the distribution of load more efficient 
along the spine, also considering the degenerative conditions 
affecting the cervical and thoracic levels. In particular the 
program should follow the Global Postural Reeducation (GPR) 
method to improve postural symmetry by treating the patient 
with specific static postures exploiting eccentric orisometric 
muscle contractions with increasing length [39]. GPR considers 
the existence of a series of interconnected muscles playing 
specific functional roles, e.g the posterior static chain and the 
anterior diaphragmatic chain. GPR method promotes postural 
symmetry by stretching the shortened muscle chains and 
enhancing the contraction of the antagonists [39]. Furthermore, 
the GPR strategy is based on three principles: (1) individuality 
(each person is a unique), (2) causality (the true cause of a 
musculoskeletal condition may arise from distant sites), and (3) 
totality (the body should be treated in its entirety) [39].

The tailored program should also be integrated by 
hydrotherapy sessions for promoting cardiovascular fitness, 
functional strengthening exercises and gait normalisation 
activities, while reducing the high loads that running and 
jumping on land produces in the tendon [40].

Conclusion 
This case study highlights the biomechanical role of the 

posterior kinetic chain in maintaining the spine healthy and it 
shows how the effect of long-term compensatory mechanisms 
increase the risk of lumbar degenerative diseases onset. 
Addictionally, it points out how the lack of an early functional 
rehabilitation protocol for the AT rupture can impact the 
efficiency of spine injury treatment in the future. Finally, trough  
the description of this case the authors hope to improve the 
awareness of health care professionals about the need of: (1) 
perfoming cohmprensive and multidisciplinary evalutaion of 
the body in its entirety, by considering all the current and past 
neuromusculoskeletal dysfunctions, (2) promoting tailored 
programmes of physical activity built on the individual profile 
of each patient and (3) combining activities on dry land and 
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hydrotherapy within the same physical session, to improve the 
efficacy of rehabilitation programmes for  spine injuries.
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