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Abstract

This case study examines the rehabilitation process of a 24-year-old female patient with thalassemia major
(TM), a hereditary hemoglobinopathy, who also suffered from distal ulnar hypoplasia, a congenital anomaly
that causes pain and affects the wrist joint's strength and range of motion. The patient underwent a
comprehensive physical rehabilitation program that aimed to address the challenges posed by ulnar
hypoplasia. This program included a combination of customized exercises, splinting, and orthotic
interventions to improve hand and wrist function. By adopting a multidisciplinary approach, the patient
experienced significant improvements in mobility, strength, and overall quality of life. This case highlights
the significance of personalized rehabilitation strategies in managing complex medical conditions,
demonstrating the potential for positive outcomes even in patients with dual diagnoses of TM and ulnar
hypoplasia.
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Introduction

Beta-thalassemia major (B-TM), also referred to as Cooley's anemia or Mediterranean anemia, was initially
recorded in 1925 by Cooley and Lee. This particular condition is highly prevalent among populations
residing in the Mediterranean basin. Beta-thalassemia is a hereditary hematologic condition that is
distinguished by scarcity or total lack of the production of beta-hemoglobin chains, resulting in ineffective
erythropoiesis. If left untreated, individuals with BTM experience severe anemia, hepatosplenomegaly,
various bone deformities, and stunted growth and typically succumb to heart failure within the first 10 years
of life [1]. In patients with untreated or poorly transfused BTM, skeletal changes primarily occur due to
excessive production of red blood cells, known as erythroid hyperplasia, which is a result of ineffective
erythropoiesis. This abnormal proliferation of bone marrow affects both the outer and inner layers of bones,
leading to an expansion of the medullary space. In untreated patients, the bone marrow can expand by a
factor of up to 15 to 30. Additionally, there is a thinning of the outer layer of bones and resorption of the
secondary and tertiary bone trabeculae, which are replaced by prominent and coarse primary trabeculae.
This gives the bones a lace-like appearance. Overall, there is a generalized decrease in bone density, leading
to osteopenia or osteoporosis [2-5].

Before the introduction of chelation therapy, the absence of iron chelation during repeated transfusions led
to the development of hemosiderosis, where iron was deposited in different locations, resulting in both
structural and functional impairments. To mitigate the risk of visceral and cardiac toxicity, it is crucial to
administer iron chelation therapy. Currently, there are several available agents for iron chelation, such as
deferoxamine, deferasirox, and deferiprone. Patients with thalassemia commonly experience arthropathies
and bone deformities, which have been attributed to either the disease itself or its treatment [6,7].

Ulnar deficiency, a rare congenital anomaly of the upper extremity, falls under the subcategory of
longitudinal ray deficiency in the classification of congenital limb malformations. Among all longitudinal
ray deficiencies, the clinical manifestations of ulnar ray deficiency exhibit a broader range of variations [8].
A wide range of musculoskeletal abnormalities in the upper and lower limbs are linked to congenital ulna
deficiency. To manage this condition effectively, it is crucial to conduct a thorough physical examination
along with the use of radiographs. Various classifications have been developed, focusing on deficiencies in
the elbow, forearm, carpal bones, fingers, thumb, and the first web space. Type I represents a mild form of
deficiency characterized by the presence of a normal first webspace and thumb, while ulnar digits and carpus
are absent [9]. Negative ulnar variance is a frequently seen condition where the ulna bone is shorter than the
radius bone. It is often present from birth and is found in about 23% of healthy individuals. However, it can
also occur as a result of early closure of the growth plate, injury, or surgery. Even a small negative ulnar
variance of 2.5 mm can have a significant impact, reducing the load on the ulna bone from 18% to 4% and
shifting most of the force onto the radius bone [10].
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Case Presentation
Patient information

This report presents a case of a 24-year-old female, 150 cm tall, weighing about 52 kg, right-hand dominant,
and an artist by profession who visited the orthopedic hospital with complaints of severe pain in her left
wrist along with swelling in the past three days. She reported no history of trauma. The patient is a known
case of TM, taking two units of blood transfusion every 21 days for three months of birth. She also
mentioned taking iron chelation therapy through medications (Deferasirox 500 mg). She gave no history of
trauma, fall, or any injury to the wrist. She was advised of radiographic investigations, which revealed distal
ulna hypoplasia and signs of osteoporosis. She was prescribed analgesic medicines along with calcium and
multivitamin tablets and was referred for physiotherapy for further management. Figure / shows the
diagnostic investigation.

FIGURE 1: Posteroanterior and lateral views of left wrist radiographic
images.

The red circle shows an absence of the left ulnar styloid process, indicating distal ulnar hypoplasia as well as
fragmented scaphoid.

Clinical evaluation

During the clinical examination, the patient expressed a pain level of 8 out of 10 on the numerical pain
rating scale (NPRS). Upon assessment, it was observed that the strength and mobility of the affected upper
limb were diminished when compared to the normative ranges specified in Tables /-2. The evaluation of grip
strength was conducted using a handheld dynamometer. The end feeling was determined to be empty as a
result of the pain experienced by the patient.
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Wrist flexion
Wrist extension
Ulnar deviation
Radial deviation
Pronation
Supination

Elbow flexion

Passive Active
30° 20°
35° 15°
10° 10°
10° 10°
40° 25°
40° 20°
130° 135°

TABLE 1: Range of motion of affected (left) hand and wrist.

Muscles
Wrist flexors
Wrist extensor
Pronators

Supinators

Grades

TABLE 2: Manual muscle testing of affected musculature according to modified Oxford grading.

3-: (Fair-) Some but not complete range of motion against gravity.

Management

Physiotherapy rehabilitation was complemented by orthopedic treatment, which involved the
administration of specific medications such as Nusidol serratiopeptidase tablets, Pantoprazole tablets,
Tripoheal tablets, and Oscalbon tablets. The physiotherapy sessions were conducted five times a week, with
each session lasting approximately 40 minutes for four weeks. Toward the end of the fourth week, the patient
was instructed on a home program to continue their rehabilitation. Table 3 consists of the physiotherapeutic
intervention administered to the patient.
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Phases Goals

Patient education and
counseling

To manage pain and
swelling

Week 1

To provide stability to
surrounding structures

To regain the range of
motion of the wrist and
prevent stiffness

To improve wrist and
elbow joint range of

motion
Week

2-3
To improve the grip
strength

To increase the strength
of wrist flexors,
extensors, supinators,
and pronators

Week 4
© To maintain and

increase the muscle
length

To return to work

Physiotherapy intervention

The patient was provided with information regarding the
significance of physical activity, as well as the necessity for taking
precautions and elucidating the benefits of exercise to enhance
their condition.

Cryotherapy was administered at the site of pain.

Therapeutic ultrasound

Wrist forearm brace

Active range-of-motion exercises in available pain-free ranges,
including wrist flexion, extension, supination-pronation, ulnar, and
radial deviations. Opening and making a fist.

Muscle energy technique for wrist flexors, extensors, and elbow
flexors

Wrist-active range-of-motion exercises

Making a fist, compressing a gel ball.

Opening of fingers against the resistance of web exerciser.

Resistance training using a dumbbell

Stretching of wrist flexors and extensors

Functional, task-oriented training

TABLE 3: Physiotherapy intervention protocol.

DAPRE, daily adjustable progressive resistive exercise; Hz, hertz; W/m2, watt per square meter

Dosage

At the beginning of the
physiotherapeutic session

10-12 minutes thrice a day for
one week

Mode: Pulse (1:4); intensity 0.8
W/m?; frequency 3 Hz

The patient was instructed to
wear a brace throughout the
day for the first week of
rehabilitation.

One set of 10 repetitions

10 repetitions for one set

Two sets of 10 repetitions

One set of 10 repetitions for the
second week, gradually
progressing to two sets for the
third week

According to the DAPRE
principle of resistance training

Three repetitions withhold for
30 seconds

Three sets of 10 repetitions

Educating and counseling patients play crucial roles in providing comprehensive care for individuals with
thalassemia who experience skeletal abnormalities. These practices facilitate informed decision-making,
enhance emotional well-being, and improve the overall quality of life for both patients and their families.
The utilization of cold therapy has been found to effectively diminish inflammatory reactions, leading to a
reduction in swelling and ultimately providing relief from pain [11]. The muscle energy technique improves
muscle flexibility by enhancing endurance to stretching, resulting in decreased perception of pain
(hypoalgesia) through the activation of muscle and joint mechanoreceptors. These mechanoreceptors
include the periaqueductal grey as well as the non-opioid serotonergic and noradrenergic descending
inhibitory pathways [12]. Motor control experiences a significant improvement within the initial two weeks
of resistance training, while enhancement in wrist strength is observed within the first four weeks of
resistance training [13]. Ulnar hypoplasia may lead to instability within the wrist joint and forearm, causing
potential complications. The utilization of a splint can offer external support, effectively stabilizing the
affected region and mitigating the risk of excessive or irregular movements. This approach aids in alleviating

discomfort and minimizing the likelihood of additional joint problems.

Follow-up and outcome measures

The patient underwent assessment during the second and third weeks of the intervention. She stated that
her pain had diminished to 1/10 by the second week, as per the NPRS. Additionally, there were notable
improvements in both range of motion and strength. Detailed results can be found in Tables 4-5.

2024 Ratnani et al. Cureus 16(3): €55689. DOI 10.7759/cureus.55689

40of7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Range of motion

oint Preintervention Second-week follow-up Fourth-week follow-up
Wrist joint

Flexion 0°-30° 0°-55° 0°-75°
Extension 0°-35° 0°-60° 0°-70°
Ulnar deviation 0°-10° 0°-20° 0°-30°
Radial deviation 0°-10° 0°-15° 0°-20°
Elbow joint

Flexion 0°-130° 0°-140° 0°-140°
Forearm

Pronation 0°-40° 0°-55° 0°-75°
Supination 0°-40° 0°-60° 0°-75°

TABLE 4: Assessment of range of motion after the second and fourth weeks.

Muscle strength according to modified Oxford grading

Muscles
Pre-intervention Second-week follow-up Fourth-week follow-up
Wrist flexors 3- 3+ 4
Wrist extensor 3- 3+ 4
Pronators 3- 4 5+
Supinators 3- 4 5+

TABLE 5: Evaluation of manual muscle testing after the second and fourth weeks of intervention.

3- (Fair-): Some but not complete ROM against gravity

3+ (Fairt): Complete ROM against gravity with minimal resistance

5+ (Normal): (100%) Complete ROM against gravity with maximal resistance

4 (Good): (75%) Complete ROM against gravity with some (moderate) resistance

ROM, range of motion

Discussion

The presented case report describes a 24-year-old female patient with thalassemia and ulnar hypoplasia, a
congenital condition characterized by the underdevelopment of the ulna bone in the medial aspect of the
forearm. The key findings of the case included discomfort around the wrist, limited range of motion, and
associated functional impairments. The current approach to treating TM involves the administration of
blood transfusions to maintain adequate levels of hemoglobin. Additionally, chelation therapy is employed
to eliminate excess iron stores resulting from frequent transfusions.

A study observed growth disturbance and radiologic changes in the long bone metaphyses of patients with
TM who underwent both hyper-transfusions and chelation therapy. The researchers suggested that these
abnormalities may be attributed to the early initiation of chelation therapy using deferoxamine. They
hypothesized that the drug could have a direct toxic effect on bone growth or that the loss of minerals other
than iron, or a combination of both factors, could be responsible for these effects [14]. Despite regular
transfusions, adequate hormone replacement, and effective iron chelation therapy resulting in the
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normalization of hemoglobin levels, individuals diagnosed with B-TM still encounter an imbalanced bone
turnover. This imbalance is marked by an increased resorptive phase, leading to a significant reduction in
bone mass density (BMD) and the development of osteoporosis. Consequently, the risk of fractures,
deformities, and chronic bone pain is heightened. Dysplastic alterations frequently affect the spine and long
bones, potentially causing growth retardation. Notably, patients who have undergone iron chelation therapy
for more than three years are more prone to experiencing dysplastic characteristics, both in terms of
frequency and severity. Approximately 50% of individuals with transfusion-dependent thalassemia
eventually develop osteoporosis, with their BMD continuously and significantly declining over time [15].

The study conducted by Dhawan et al. aimed to investigate the skeletal changes in the wrist joints of
children with transfusion-dependent thalassemia. The study focused on examining the correlations between
these changes and various factors such as age, pretransfusion hemoglobin levels, serum ferritin levels, and
the types and durations of chelation therapy. Clinical examinations and radiologic assessments were
performed to assess the skeletal changes in the wrist joints. The results of the study revealed significant
discrepancies in the length of the radial and ulnar bones with age, with a noticeable shortening of the ulnar
bone. Furthermore, a correlation was observed between negative ulnar variance and the distal radial
articular angle, particularly in cases where deferiprone was used as a chelation therapy. This finding
suggests a potential association between ulnar growth arrest and radial bowing. Additionally, the study
evaluated the range of motion in the wrist joints and found that it was decreased compared to the normal
group. These findings provide valuable insights into the skeletal changes and potential complications
associated with transfusion-dependent thalassemia in children [16]. Physiotherapeutic interventions play a
crucial role in enhancing the functionality of the affected hand and mitigating the risk of additional injuries
caused by abnormal skeletal structure, particularly when surgical interventions can be avoided. This case
report presents compelling evidence of enhanced outcome measures following a wrist injury in a patient
diagnosed with distal ulnar hypoplasia.

Conclusions

This case report highlights the successful implementation of a tailored physical rehabilitation program for a
patient with TM and ulnar hypoplasia. The patient experienced significant improvements in mobility,
strength, and overall functionality. This emphasizes the importance of addressing the complexities of dual
diagnoses and advocating for a patient-centered approach to healthcare. Further research in similar
populations could lead to standardized protocols and improved outcomes for individuals with these medical
challenges.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Grisha Ratnani, Pratik Phansopkar, Harsh R. Nathani
Acquisition, analysis, or interpretation of data: Grisha Ratnani, Pratik Phansopkar, Harsh R. Nathani
Drafting of the manuscript: Grisha Ratnani, Pratik Phansopkar, Harsh R. Nathani

Critical review of the manuscript for important intellectual content: Grisha Ratnani, Pratik
Phansopkar, Harsh R. Nathani

Supervision: Grisha Ratnani, Pratik Phansopkar, Harsh R. Nathani

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Adamopoulos SG, Petrocheilou GM: Skeletal radiological findings in thalassemia major. ] Res Pract
Musculoskeletal Syst. 2020, 4:76-85. 10.22540/JRPMS-04-076
2. Simmons JD: Diagnosis of Bone and Joint Disorders, 4th ed, Donald Resnick, MD, editor, WB Saunders,
2002. Spine J. 2003, 3:406. 10.1016/51529-9430(03)00120-7
3. Voskaridou E, Terpos E: New insights into the pathophysiology and management of osteoporosis in

2024 Ratnani et al. Cureus 16(3): €55689. DOI 10.7759/cureus.55689 60f7


javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.22540/JRPMS-04-076
https://dx.doi.org/10.22540/JRPMS-04-076
https://dx.doi.org/10.1016/S1529-9430(03)00120-7
https://dx.doi.org/10.1016/S1529-9430(03)00120-7
https://dx.doi.org/10.1111/j.1365-2141.2004.05143.x

Cureus

10.

11.

patients with beta thalassaemia. Br ] Haematol. 2004, 127:127-39. 10.1111/].1365-2141.2004.05143.x

De Sanctis V, Soliman AT, Elsefdy H, Soliman N, Bedair E, Fiscina B, Kattamis C: Bone disease in B
thalassemia patients: past, present and future perspectives. Metabolism. 2018, 80:66-79.
10.1016/j.metabol.2017.09.012

Wonke B: Bone disease in beta-thalassaemia major . Br ] Haematol. 1998, 103:897-901. 10.1046/j.1365-
2141.1998.01107.x

Sankaran VG, Nathan DG: Thalassemia: an overview of 50 years of clinical research . Hematol Oncol Clin
North Am. 2010, 24:1005-20. 10.1016/j.hoc.2010.08.009

Terpos E, Voskaridou E: Treatment options for thalassemia patients with osteoporosis. Ann N Y Acad Sci.
2010, 1202:237-43. 10.1111/§.1749-6632.2010.05542.x

Swanson AB, Tada K, Yonenobu K: Ulnar ray deficiency: its various manifestations. ] Hand Surg. 1984,
9:658-64. 10.1016/50363-5023(84)80007-6

Jerome TJ, Prabu R, Terrence TK: A new variant of type I congenital ulna deficiency with the normal thumb,
webspace, hand, and elbow. Cureus. 2020, 12:e12261. 10.7759/cureus.12261

Squires JH, England E, Mehta K, Wissman RD: The role of imaging in diagnosing diseases of the distal
radioulnar joint, triangular fibrocartilage complex, and distal ulna. AJR Am ] Roentgenol. 2014, 203:146-53.
10.2214/AJR.13.11573

Vieira Ramos G, Pinheiro CM, Messa SP, Delfino GB, Marqueti Rde C, Salvini Tde F, Durigan JL: Cryotherapy
reduces inflammatory response without altering muscle regeneration process and extracellular matrix
remodeling of rat muscle. Sci Rep. 2016, 6:18525. 10.1038/srep18525

Penas CF, Cleland J, Huijbregts PA: Neck and Arm Pain Syndromes. Penas CF (ed): Elsevier Health Sciences,
China; 2011.

Chu E, Kim YS, Hill G, Kim YH, Kim CK, Shim JK: Wrist resistance training improves motor control and
strength. ] Strength Cond Res. 2018, 32:962-9. 10.1519//SC.0000000000002019

Brill PW, Winchester P, Giardina PJ, Cunningham-Rundles S: Deferoxamine-induced bone dysplasia in
patients with thalassemia major. AJR Am J Roentgenol. 1991, 156:561-5. 10.2214/ajr.156.3.1899759

Morais SA, du Preez HE, Akhtar MR, Cross S, Isenberg DA: Musculoskeletal complications of haematological
disease. Rheumatology (Oxford). 2016, 55:968-81. 10.1093/rheumatology/kev360

Dhawan P, Kanojia RK, Chandra J, Kumar A, Anand R, Gupta S: Wrist joint skeletal changes in children with
transfusion-dependent thalassemia. | Pediatr Orthop. 2020, 40:e473-8. 10.1097/BP0.0000000000001523

2024 Ratnani et al. Cureus 16(3): €55689. DOI 10.7759/cureus.55689

7of7


https://dx.doi.org/10.1111/j.1365-2141.2004.05143.x
https://dx.doi.org/10.1016/j.metabol.2017.09.012
https://dx.doi.org/10.1016/j.metabol.2017.09.012
https://dx.doi.org/10.1046/j.1365-2141.1998.01107.x
https://dx.doi.org/10.1046/j.1365-2141.1998.01107.x
https://dx.doi.org/10.1016/j.hoc.2010.08.009
https://dx.doi.org/10.1016/j.hoc.2010.08.009
https://dx.doi.org/10.1111/j.1749-6632.2010.05542.x
https://dx.doi.org/10.1111/j.1749-6632.2010.05542.x
https://dx.doi.org/10.1016/S0363-5023(84)80007-6
https://dx.doi.org/10.1016/S0363-5023(84)80007-6
https://dx.doi.org/10.7759/cureus.12261
https://dx.doi.org/10.7759/cureus.12261
https://dx.doi.org/10.2214/AJR.13.11573
https://dx.doi.org/10.2214/AJR.13.11573
https://dx.doi.org/10.1038/srep18525
https://dx.doi.org/10.1038/srep18525
https://books.google.co.in/books?hl=en&lr=&id=nxJQE3uToAAC&oi=fnd&pg=PP1&dq=Neck+and+Arm+Pain+Syndromes+E-Book:+Neck+and+Arm+Pain+Syndromes+E-Book&ots=ds2pLjSHqC&sig=FjSnl4q2g0LGl1nKuMnR6rVX5IE&redir_esc=y#v=onepage&q=Neck and Arm Pain Syndromes E-Book%3A Neck and Arm Pain Syndromes E-Book&f=false
https://dx.doi.org/10.1519/JSC.0000000000002019
https://dx.doi.org/10.1519/JSC.0000000000002019
https://dx.doi.org/10.2214/ajr.156.3.1899759
https://dx.doi.org/10.2214/ajr.156.3.1899759
https://dx.doi.org/10.1093/rheumatology/kev360
https://dx.doi.org/10.1093/rheumatology/kev360
https://dx.doi.org/10.1097/BPO.0000000000001523
https://dx.doi.org/10.1097/BPO.0000000000001523

	Rehabilitation Strategies for Wrist Pain in a Patient With Thalassemia Major and Distal Ulnar Hypoplasia: A Case Report
	Abstract
	Introduction
	Case Presentation
	Patient information
	FIGURE 1: Posteroanterior and lateral views of left wrist radiographic images.

	Clinical evaluation
	TABLE 1: Range of motion of affected (left) hand and wrist.
	TABLE 2: Manual muscle testing of affected musculature according to modified Oxford grading.

	Management
	TABLE 3: Physiotherapy intervention protocol.

	Follow-up and outcome measures
	TABLE 4: Assessment of range of motion after the second and fourth weeks.
	TABLE 5: Evaluation of manual muscle testing after the second and fourth weeks of intervention.


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


